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ICRISAT's Mission 

Through international 

research and related 
activities, and in 

partnership with national 
research systems, to 

,icontribute to sustainable 

improvements in the 
productivity of agriculture 

in the semi-arid tropics 

(plus other countries in 
which ICRISAT's mandate 
crops have relevance) in 
ways that enhance nutrition 
and well-being, especially of 
low-income people. 
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This report ispublished in lieu of an ICRISAT Report for 1993.
 
Inaddition to presenting highlights and achievements, it also
 
reports significant changes in organization and management
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Report from the Chairman and Director General
 

, ~. v This past year has been a dynamic one for ICRISAT. In the 

earlv years of' its third decade, thle Institute isengaged in a 
major reorganization in order to serve its clients better. 

Ji-The reorganization is reLlected in tile structure of this 

1993/94 report. 

We first remind our readers of the particular challenges of 

the semi-arid tropi,-s (SAT), a region it isour mission to serve, 

and then detail our reorganization and the rationale for 

change. In presenting the highlights of our work and 

achievenents during the past year, we link various aspects of 

our research to production systems and to a broader, more 

global approach. 

The major reasons fof our reorganization have been the changes in ICRISAT's 

external environment, including reduced and uncertain funding, a situation that i 

affecting all centers throughout tihe Consultative Group on International Agricuitural 

Research (CGIAR) system. In a res.earch organization such as ICRISAT, new projects 

can be undertaken quite quickly if the resources are readily available. Ilowever, when 

it becomes necessary to cut costs, the time lag from decision to the subsequent 

realization of economies is considerable. Thus when faced with funding shortfalls and 

the necessity to rationalize programs and reduce staff and other resources, planning 

well in advance is essential. 

ICRISAT did not receive information about its final core fuinding amount for the 

1993 fiscal year until May, when 40% of the vcyir's work had already been completed. 

By that time, it was virtually impossible to react effectively to the funding shortfall 

that was far more than we had anticipated. The result was an operating deficit for 

1993. This deficit was smaller than it might have been, since in view of tile funding 

uncertainty, we had only released interim budget allocations. ICRISAT's 1993 core 

funding was 4.7% less than in 1992. Over the last three years the overall reduction is 

17.4%, and this is Without considering inflation and currency exchange variations. 

These changes have seriously affected our work. Both tile volume and quality of 

research have been adversely affected by budget cuts for staff, equipment, and 

operations. The number of nationally recruited staff was 10% lower in 1993 than 

in 1991, and that of internationally recruited staff was down by 25% over tile same 

period. For breeding units, it has meant fewer entries in breeding populations, smaller 

experimental areas, and reduced technology contributions. Other disciplines are 

conducting fewer and smaller trials on less land, have discontinued major projects, 

and have scaled down research activities. 
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Collaborative research and other international activities 

have also been cut back. Smaller travel budgets have affected 

interaction with national agricultural research svstenis (NARS) 

scientists, and some international collaborative research 

projects had to be cancelled. Our workshop and conf'rence 

budget last year was less than half that of 1990. 1luman 

resource devclopment programs have also been affected: f'or 

example, we hosted over (O in-service trainees in I )8 ), but 

only 60 in 199.13. 

Partly as a result of finding cutbacks, in November 1993 
the Governing Board approved the reorientation of"th 

Institute's organization and management to emphasize the 

project as the basic unit of research. This change will devolve responsibility for all 

aspects of projects and move away f'rom a hierarchical management system to one 
which emphasizes teamwork, scientific and socioeconomic achievenlcnt, 

responsibility, and accountability. 

Despite the fuznlding climate for international agricultural research, ICRISAT's 

research accomplishments are still highly regarded. In southern Africa, the major 

donor supporting the joint eflorts of ICRISAT and NARS scientists to improve 

sorghun and pearl millet confirmed its confidence in tile impact of this decade-long 

program by renewing financial support for a firther five years. The United States 

Agency for International Development (USAID) will fiund the Sorghum and Millet 

Improvement Program (SMIUP) Phase I11,a collaboration among the ten countries of 

the Southern African Development Coinunity (SADC) and ICR[SAT. 

In 1992, ICRISAT responded to a request from southc.n African policymakers to 

help mitigate tile disastrous effects of the worst drought of this century. With 

generous and timely funding from USAID and the Canadian International 

Development Agency ((IDA), ICRISAT managed tile production of improved varieties 

of sorghum and pearl millet seed to help small-scale farmers ;n tile area recover from 

the drought. 

This emergency seed production project was remarkably successful. Not only did 
it contribute to household food security within tile region, but it also stimulated the 

widespread adoption of improved varieties of these two cereals. An impact 

assessment study showed that farmers benefitted from the improved varieties by 
more than US$ 4.5 million within a single year. The study also verified farmers' 

interest in tile varieties and provided an evaluation of desirable grain and plant traits. 

This information is already being used to re-target crop-breeding priorities. 
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Collaborative trialsat Anantapur have been discontinued. 

Special project finds, stich as that for SMI!' Phase Il1,have become incrcasingly 

important as donors place more emphasis on thematic funding. In contrast to the 

current uncertainty of core funding in the CGIAR, special projects offer relatively 

secure funds over three to five years. 

In a long-term project with the Queensland Department of Primary Industries 

ICRISAT and Australian scientists worked on improved, low-cost soil management 

practices for the acidic, infertile, and degraded soils in the Asian, African, and 

Australian SAT. Designed to encourage sustainable agriculture and rehabilitation of 

degraded soils, this project began in 1987 and involved a succession of Aulstraian 

scientists stationed at the ICRISAT Asia Center (lAC). The project was scheduled to 

conclude in January 1994, but was recently extended to the end of'the year. 

The African Development Bank is funding a five-year project to improve pigeon

pea in eastern and southern Africa. Although it only began in I9l1, this project is 

alre.,dy having impact. A variety collected in Kenya by IWRISAT scientists was 

identified as wilt-resistant when grown in a routine nursery at lAC. It was sent to the 

Malawi national program where it performed well. It was released by the Govern

ment and is now widely sought after by farmers. In Kenya, ICRISAT scientists are 

working with the national program as pigeonpea-a crop often grown by women 

farmers-gains popularity as both a dry grain and a fresh green vegetable crop for 

export to Europe. 
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ICRISAT has hostcd Farnm-s Days for mary 

years at all its locations. Such events enable us to 

comlunicate directly witn some Of tile ultimate 

beneficiaries of our research. At the saine tine, 

the v provide opportunitit s for our scientists to 

learn from the farmers. Over the years womnen 

have attended ICRISAT Farlers Days in numbersritit 

far fewer than art representative of farming 

populations. In ordei to redClress the balance, 

especialy as IRISAT .trcngthens its efforts to 

remove geindcr barriers, Women Farmers )avs 

were held for the first time1 in three countries in 

Africa-Malawi, Zinbalwe, and Niger

countries in which wonn [arnin<rs are notabh W'omen farmers keeti, interested in extra-short

prominent. These were a great SuCcess, ,and we durati. , pigeonpea at ant ICRISAT 

now intend to hold them eery year. At IAC, there Field Day in Kenya. 

were two Farmers Days in 1993, one for both men and women, and another 

exclIsive'lv for wonln. 

ICRISAT continutes to be a catalyst in many collaborative initiatives across the 

CGIAR system. 
In I1L2, the United Nations Environment Programme estimated that 3.6 billion 

hectares, or 70% of the world's potentially productive drylands, are currently 

threatened by desertification. The speed and severity of this degradation have alerted 

governments and the international community to the urgent need for coordinated 

action. 

The CGIAR !tas accepted this challenge, and ICRISAT is taking a leadership role. 

The Desert Margins Initiative relates primarily to sub-Saharan Africa, but also 

includes the desert margins of Asia. The Initiative will involve several CGIAR centers 

working together with international, regional, and naticnal institutions to combat 

desertification, mitigate global climate change, conserve biodiversity, and provide 

increased food security in tlese marginal areas. It is designed as an ecoregional 

initiative in response to the concerns of CG IAR's T'chnical Ad, isory Committee (TAC) 

and the donors. 'he Dircctor General represented tile CGIAR in January 194 at tile 

third meeting of tiln hntergovernmental Negotiating (ommittTe for a Convention to 

Combat Desertification, held at the United Nations headquarters in New York. lie 

described tile work of the CGIAR centers as the delegates deliberated the specifics of 

the international convention. 
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On behalf of the CG;IAR, ICRISAT produced a 

booklet, Living at the :dge, which describes the Desert 

Margins Initiative and tile comparative advantages of 

S. the partners who are likely to participate. \Ve produccd 

a second publication I'or the CGIAR, Challenging 

lHunger, which describes the common purpose that 

links all the centers-eradicating humnan hunger and 

-.~ poverty, and arresting and reversing natural resource 

.degradation through research. It captures recent 

The Desert MarginsInitiative aims to reduce changes in tbe mandate, structure, nanageolent, 

the risk ofsuch severe degradation. priorities, and strategies of the CC; IAR. 

ICRISAT participates in several other ecoregional 

initiatives with its sister centers and other collaborators, and is planning further 

involvement. 

With the International Rice Research Institute (IRRI), we will develop and 

maintain common databases using the same geographical information s'stemn1s (G IS) 

software for all agroecological zones in Asia. The research in this initiative will focus 

on factors related to degradation of production systems involving the crops of beth 

institutions, with emphasis on nutrient recycling, nutrient depletion, and potential for 

improving rainfed rice-legume SysteLs. 

We plan to continue our sorghum improvement work in Latin America as part of 

the Savanna Program of the Centro Internacional de Agricultura Tropical ((IAT). 

ICRISAT will provide tile expertise in sorghum genetik s, breeding, and discasc 

management, while CIAT will handle the natural resourlCeC nanagenent research. 

ICRISAT is one of' four partners in a research program on theC devcloplent of 

sustainable resource management systems for the Vertisols of the Ethiopian 

highlands. Other partners are the International L.ivestock Centre for Africa (I[CA), 

Alemaya University of Agriculture, and tile Ethiopian Institute of Agricultural 

Research. The program, funded bv thL Netherlands, fits in with an initiative led by 

the International Centre for Research in Agroftorestrv (ICRAF) on integrated natural 

resources managemlent research for the highlands of eastern and central Africa. 

In a link with the International Institute of 'lropical Agriculture (IITA), We are 

planning joint research on cereal-based production systems in the wetter zones of the 

semi-arid tropics of \Vest Africa, where legunes are also a major component. 

The kabuli chit kpea improvement project is a long-term joint ef'fort involving tile 

International Center for Agricultural Research in the Dry Areas (IC:ARDA) and 

ICRISAT. The project has had sigoificant success in producing cultivars and genetic 
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stocks wi.h high and stable yields that have been released by national programs. 
The project also develops segregating populations and materials for NARS crossing 
programs, and conducts strategic research to support work on germplasm 
inmprovement. 

The establishment of close working links 
between JCRISAT,' kARDA and 11INARS in the 
\Vest Asia North Africa (WANA) region has 
allowed us to document and prepare constraint 
analysis maps using (;IS that will be invaluable for 
exploring opportuinitics to enhance and stabilize 

chickpea production and area. 
Legumes are also vital crops throughout India. 

In October 1993 farmers in one area of the Indian 
state of Malharashtra were de-vastated hy a severe Agood crop ofpearl millet left to rot after 

earthquake. While none of their fields were the Maharashtra earthquake. 
damaged, their crops were left to rot because there were not enough people to 
harvest them, and most of the draft animals had been killed. As relief agencies 
provided adequhate food, ICRISA' donated two truckloads of improved chickpea seed 
so that farlers could once again start to grow their own food. 

ICRISAT was recently honored by visits from both the outgoing and incoming 
Chairmen of the CGIAR. At the end of his two-year tenure as 
Chairman, \/ Rajagopalan visited IAC in November 1993, and in 
February 1994, the new Chairman, I Serageldin, \Vorld Bank 
\'ice President for Environmentally Sustainable Development, 
also visited. 

The new Chairman assumes his responsibilities at a time of crisis 
ill both confidence and funding for the CGIAR. The crisis stems 
from a misplaced s-nse of complacency by the international I . 
community about the ability of the world to feed itself reliably in 
the corning decades. Additionally, the international agricultural 
research centers (IARCs) and their increasingly strategic research 
agendas art viewed with suspicion by many stakeholders as not J 
being relevant to the solution of the problems of people in 
degrading environments. A 

For many, indigenous knowledge and its transfer, along with 
empowerment of its owners, are seen as the panaceas for 

CGIAR Chairman I Serageldin 
discussing groundnut pests during 

environmentally sustainable development and food security. While his visit to LC. 
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not doubting the necessity of these 

elements, it isclear that modern science 

must also be brought to bear on these 

twis challenges. Indigenous knowledge 

and empowerment alone will not suffice 

in the face of tile unprecedented pressure 

of population and its demands onl the 

natural resource base. 
Long-term strategic research on issues 

related to sustainable natural resource 

conservation and management and food 
security cannot be successfully 

undertaken with the vagaries of annual 
Afarmer surveys his strugglingcrops funding we have experienced in recent 

years. Funding must be committed for the long teru. The dedicated staff .f ICRISAT 

represent a strategic resource which is rapidly eroding in both morale and numbers. 

The Institute's capacity to be effective in key areas is now being lost because a critical 

mass no longer exists. This capacity will not be easily restored, and further delays in 

increasing funding to remedy the problem have high opportunity costs. 

The 1994 core funding scenarios we face at the time of writing suggest a figure 12 

to 19% below what we received in 1993, which already represented a 17.4% reduction 

from 1990. If we acid the effects of inflation to these percentages, it is easy to see 

why we describe the situation as a crisis. 

The current ad hoc nature of core funding and its uncertainty cause untold damage 

to programs and performance. It is our obligation to bring to the attention of our 

stakeholders the serious consequences of such decisions about tile funding of 

ICRISAT. Following the funding reductions already experienced, the likely additional 

cuts in 1994 will inevitably necessitate yet further wholesale reduction of priority 

programs. 

Eric H Roberts James G Ryan 
Chairman, Governing Board Director General 
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-Challenges of the Semi-Arid Tropics 

ISAT has amandate to improve crops and production systems in an environment
 
that is home to one of every six people on earth-the semi-arid tropics (SAT).
 

Scattered across three continents, most of the 48 developing countries with major
 
areas in the region rank among the poorest in the world. 

As the middle of the final dcecade of the 20th century approaches, poor people 
living in the SAT continue to struggle. Population growth rates remain high, 

particularly in the poorer parts of the region. In most countries, cereal production is 

increasing more slowly than population, and food security is declining. 

Africa is likely to be the major victim of this deficit-food production trends are 

discouraging and the rate of population growth continues to climb. Asia will also 
suffer shortages. Although the total number of poor in Asia is vastly larger than that 
in Africa, at least the rate of population growth is dropping in most Asian countries. 
Asia's population base is so large, however, that further growth will remain a serious 
problem for several decades. Significant pockets of food insecurity currently exist 

throughout Asia. 

The SAT is characterized by inadequate and 

uncertain rainfall, large areas of infertile and fragile 

soils, low capital availability, and weak institutions 

and infrastructure. 

In several countries, high population growth rates 

are compounded by low agricultural productivity. 

In many fringe areas, the environment is degrading . 

rapidly as farmers are obliged to cultivate more 1446 

marginal lands. Per capita food production is also 

declining in many of these countr;es. , 

The SAT covers parts of the world%where develop-. Farnting in the SAT is v'ery hard. 

ment assistance is crucial. Poverty, food insecurity, and harsh environmental 
conditions hinder the generation of new technology and make the performance of 
most technologies highly unsiable. Generally low income levels restrict the amount of 

cash available for investment in new technologies, and food insecurity and low 
income make farmers reluctant to take risks with new approaches, particularly if they 

are costly. 

Many developing countries in tile SAT continue to invest in irrigation regardless of 
its cost because they recognize the importance of water in increasing and stabilizing 

food-crop production. Irrigation, however, will not change the SAT's dependence on 
rainfed agriculture to satisfy human, animal, and industrial needs. Even in India, 

which has made major strides in irrigation, an estimated 95 million ha (about 
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two-thirds of the cultivated area) 

must continue to he cultivated under 

rainfed conditions. 

Without adequate improvements in 

rainfed areas, agricultural growth 

targets will simply not be met. 

As the population across the SAT 

continues to grow, many developing 

countries are acutel' short of cooking 

oil. Groundnut in both Asia and Africa 

will continue to be important in 

satisfying this growing denand because 

the crop is so adaptable to a wide 

ratnge of environments--from theAlanyfamilies are dependent on their groundnut crops. 

sandy soils of the Sahel to favorable 

irrigated areas. Groundnut is a critically important protein source for people, while 

oilseed cake and haulms are important as aninial feed. Groundnut production has 

lagged, however, because prices are low, seed production and distribution are 

problematic, and farmers have limited access to new cultivars. 

While food self-sufficiency for the rainfed SAT population is a laudable objective, 

the opportunity for income growth in marginal areas will 

depend largely on markets in better-endowed regions. 

ICRISAT's mandate crops and associated production 

systems are tied to rainfed agriculture-making their 

development particularly challenging. The future also 

depends on the long-term demand for food, feed, fuel, 

and commercial products made from these crops. 

Africa. There are over 100 million poor people in the 

zones of sub-Saharan Africa that range from arid to 

seasonally dry. In 20 of the 29 African countries in the 

SAT, food intake averages less than 2000 calories per day. 

The Food and Agriculture Organization of the United 

Nations (FAO) considers a daily calorie intake of less than 

2400 to be an indication of widespread hunger. 

In most years, the majority of farming households inUrban populationsneed convenience foods-

ICRISAT cerealscan provide them. the African SAT do not produce enough food to meet the 
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The Semi-Arid Tropics 

Average daily per capita calorie intake (1989) 

Average annual income (USs) 

Countries with average annual income
 

under USS 400 (1990) 
Number of poor (millions) (I985)l 
Average annual growth rate (9X) 

Cereal production (1975-92) 

Population (1980-90) 


Average annual per capit-i growth rate (%) 
Sorghum pro.uction (1975-92) 
Pearl millet produlction (1975-92) 
Groundnut production (1975-92) 

1All agroccological zones 

Sub-Saharan Latin 
Africa South Asia America 

2071 2271 2822 
532 662 2483 

20 of 29 2 of 10 1of 9 
180 520 70 

1.95 2.99 1.49 
2.68 2.28 1.94 

1.04 -2.07 -2.03 
-1.35 -1.74 -
-3.66 -0.51 -2.67 

consumption needs of their families, and must rely on purchases, food aid, or both. 
Many of the households in these countries depend on food aid year after year, and 
relief programs are ubiquitous. 

The use of fertilizers is extremely limited because available cash resources tend 
to be used to pIy school fees and purchase food or other necessities. 
improve sorghum and pearl millet has 
generally lagged worldwide because they 
are not grown as food crops in the devel

oped world where maize and wheat 
predonminatc as the cereals of choice. In 
southern Alrica, however, new varieties 

are starting to he adopted by smallholders, 
largely as a result of 10 years of collabora
tion among national agricultural research 
systemis (NARS) and 1CIc~SMv. Inl western 
Africa, where environmental constraints are 
more severe than in southern Africa, in
creased attention is directed to resource 

Research to 

. 

management technologies. Farm resources Every grainis needd to feed poor families. 
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are often so limited, however, that researchers 

seek low-cost options, even though these generally 

offer lower yield gains than more costly 

technologies. 

Asia. In general, food production in Asia has 

-,. - fared better than in Africa. Income growth has led 

.,., to increasing reliance on wheat and rice, but the 

: growth trends for these two cereals are slowing. 

6 - 1lowever, in the poorer rainled areas of Asia there 

iare still many people who rely on sorghum, millet, 

. ,chickpea, and pigeonpea. 

Pearlmillet can grou, in the harshestenvironments. Although income is rising, poor people still 

abound-for example, 35% or 520 million people in South Asia live in poverty. The 

highest percentage of the population in poverty lives in the semi-arid areas. Sorghum 

and millets have fared poorly during the last three decades rlative to other cereal 

crops in Asia. Although these two coarse grains rank fifth and sixth in cereal 

production in Asia, their importance is not fully reflected in the figures. 

Often referred to as 'poor people's crops', they are grown ind consumed mainly 

by tile rural poor. In Asia, small-scale farmers devote a 

higher proportion of their land to sorghum and millet than 

do large-scale farmers. 

Sorghum and millet art largely consumed in the regions 

where they are grown, often in areas where few other 

economically viable alternatives exist. In some areas, 

sorghum and millet are grown commercially to supply 

grain and stover for livestock, but they are the staple foods 

of tile poorest of' the poor. The reduced competitiveness of 

these two cereals-the result of low producer prices-has 

pushed these crops onto increasingly marginal lands, 

making fttre productivity growth more difficult. 

The poor also depend on pulses such as chickpeil and 

pigeonpea to help meet their nutritional requirements.Vegetar?z diets depend on our mandate 
pulsesfor protein. If adopted, new production technologies developed by 

ICRISAT and its partners can significantly increase productivity, lower per-unit 

production costs, and ultimately ensure lower market prices. Legumes-an important 

protein source-will increasingly contribute to the sustainability of global production 
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systems, primarily because they fix atmospheric nitrogen and thus 

make a positive contribution to the soil nutrient balance. 

Although chickpea and pigeonpea account for only 17% of the 

world production of' pulses, these figures understate the importance 

of these crops in Asia, the nain region of production. Even though 

chickpea is grown throughout the world, the bulk of it is produced 

and consumed in South Asia and increasingly in \Vest Asia, North 

Africa, the Middle East, and some Mediterranean countries, often 

inseni-arid environments. The average annual growth rate of' 

production is slow at l.9'.U/, and yield has risen only 0.6( annually. 

Pigeonpea production is more concentrated-nore than 90/ of' 

the crop's world area and production are in India, but it is also 

cultivated elsvwhere in Asia, eastern Africa, and Central America. 

In India, cultivated area and production growth exceeded 2%/Oper 

year f'rom 1970 to 1990. Yield growth rates were stagnant, 

however, perhaps because pigeonpea is not a primary crop. It is 

usually relegated to marginal soils and intercropped with sorghum Farmerson the )eccan Plateau 

and cotton. In some areas, however, farnlers are now%- growing more intercrop sorghum and pigeonpea. 

sole crops of pigeonpca, which is gaining status as a cash crop. 

Latin America. Sorghun isby far the most important of the ICRIS,\T mandate 

crops grown in [.atin America. Of the 5.4 million t produced annually in Central 

America and the Caribbean (Mexico alone grows 899, of this total), most is grown on 

large farms to supply the stock feed and brewing industries. Large-scale farmers tend 

to rely on commercial sorghum hybrids, most of' which are bred and distributed by 

priVate-sector seed agencies. The grain produced by these hybrids is not preferred for 
food. 

Small-scale farmers seek access to cultivars incorporating drought resistance with 

good food quality and high productivity for their low-input monocropping and 

intercropping systems. They prefer cultivars whose seed they can retain Lo sow in tile 

following season. Production systems are highly variale-management techniques 

often v'ary depending on topography and rainfall reliability, thus management may be 

intensive, but purchased inputs are usually uninimal. 

In tile Central American and Caribbean region, tile most important food crop, are 

maize, beans, rice, and sorghun. Except in Mexico, sorghum is usually intercropped 

with maize, beans, and cassava, and about (/4% of production is used for human food. 

Sorghum flour is often used to 'extend' nlaize. Despite tile dominance of large-scale 
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sorghum production in the region, the largest numbler of 

producers remains small-scale farmers who grow this grain 
for Food -about 409,000 t of sorghum on small farms of 5 

ha or less on a total 450,000 ha. Average yield is 0.9 t/ha. 
Mast of the 4 million t of sorghum grown in South 

America ishybrids grown for feed (grain yields average 
about 2.7 t/ha). Commercial sorghum hybrids for feed 

grain production predominate in this region. Only in 

Brazil, Paraguav, and Uruguay is some sorgum- used for 

human consumption to extend wheat flour in bread. 
Marginallandscannot produce good crops. 

Future Production Increases. Throughout history, the main source of agriclltural 
growth has been expansion o1 the area cultivated. Except in a handful of countries, 

this has now reached its limits. Already, cropping has extended to land too dry or too 
barren to give reliable yields. As F'armers scramble For more !and in mountainous 
regions, they may cultivate steep slopes without taking adequ~ate precautions to 

prevent erosion. 
The pressures on rainfed agricultural laid in the SAT are increasing due to 

increased demands for food and [eed. The natural resources (soil, water, nutrients) 
remain the same, but improved management is essential iFwe are to reverse the 
degradation of the natural reso,,rce base and develop production systems that sustain 

farming comnmunities. 
Quite simply, ICRISAT's preoccupation with 

natural resources management in the SAT is a 
fundamental strength and an essential investment 
to achieve sustained increases in production in 

SAT environments. 

Future growth of agricultural output must 

- . A come from increased productivity per unit of 
" land. Research has been the major source of such 

p -: growth in the past 50 years, a pattern which must 

It ishard to protect tiLeenvironment when firewood continue in the future. 
must be found t coo food. ICRISAT is called upon to do its part in feeding 

and helping to generate rew sources of income for the 90 million people born each 

year in developing countries. The challenge for agricultural research has become far 
more complicated than the 'food first' imperatives of the 1960s and 1970s that gave 
rise to the Green Revolution. 
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The five related problems of food production, v 

malnutrition, poverty, population growth, and the , 

environment are more acute now than they were 

20 Nears ago when ICRISAl' was f'ounded. lodlav, 

it seems that concern for the environment 

overshadows the other four equally salient A/ 

eIemerts that are all inextricably related. 

Poverty limits opportunities f'or protecting and 

en -ancing the environment -poor people have 

few options but to exploit the natural resource 

base in order to strive for (oodsecurity, and 

sometimes even to survivC. 

Poverty also hinders efforts to manage 

population growth because for poor people, 

children represent additional sources of income. 

Broadly based activities to alleviate poverty are" 

the answer--new technologies must be lound to 

improve and sustain agriculture. 

The links between higher productivity in 

agriculture and general economic growth are 

direct and real. Productive farmers reduce their ;j, 

costs, earn higher incomes, enhance their own 
well being-and thus may be more likely to invest . .'
 

in protecting the environment. Environmental Children need a secure future.
 

conservation and increased 1food production are complementary because there must
 

be a minimnum levei of [ood security before f'armers will consider majo, investments
 

in longer-term conservation measures.
 

ICRISAT has a proud history of more than two decades of helping resource-poor 

farmers. At the start of its third decade, the newly reorganized and revitalized 

ICRISAT stands ready to deal with the continuing environmental challenges of the 

semi-arid tropics. 
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Restructuring ICRISAT
 

n June 1992, world leaders convened the United Nations Conference on 
Environment and Development-the 'Earth Summit'-in Rio de Janeiro. This 

group developed Agenda 21-a statement of goals and a list of strategies and 

actions aimed at 'reconciling the world's economic activities with the need to protect 

the plnet and ensure a sustainable future for all people.' 
Just as the world's natural environment is changing, so is ICRISAT's external 

environment. In reponse to these changus, we developed a carefully prepared 
Medium Term Plan (MIT), which spells out in detail how Nwe will attain the goals laid 
out earlier in our strategic plan for the last decade of this century. Clear parallels are 
apparent between ICRISAT's objectives as identified in our NTI' and those agreed on 
by the Earth Summit delegates in Rio. In fact, 80% of the themes in the ICRISAT 
research portfolio directly address one or more of the priorities identified in 

Agenda 21.
 

External Environment. Since it was founded in 1971, the CGIAR has paid for itself 

many times over, achieving a remarkable record of success in food production, 

economic development, conservation of genetic resources, and environmental 
protection throughout the developing world. As the world population continues to 
grow, so does the need to feed it-along with the need to continue research on 
producing more food from dwindling agricultural land without further damaging the 

fragile environment. 

The donors' sphere has become increasingly complex as they grapple vith such 
issues as the needs of the emerging nations of the former Soviet Union and Eastern 

Europe, along with those of millions of refugees, many of them camped in countries 
of the semi-arid tropics which can ill afford to support them. It is vital, however, that 

these issues do not distract the world community from its commitment to invest in 
long-term agricultural research. 

The CGIAR has takten a significant step to manage its resources more effectively at 
a time of budgetary contraction-a strengthened focus on the issues of natural 
resource management and sustainability. These complement traditional contributions 
to food security through crop improvement, instituticn building, training, and policy 

research. 

ICRISAT also realizes that to ensure the successful adoption of its technologies, 
intended recipients should be involved from inception to implementation. Research 
results and technology produced in a metaphoric vacuum behave differently from 

those in an actual vacuum-rather than sticking in everything around, they simply 

stagnate. National research and extension organizations and non-governmental 
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organizations (NGOs) provide the crucial link to the ultimate targets of our research, 

the poor farmers of the semi-arid tropics (SAT). If we fail to consider this crucial 

stepping stone to development, our work has little value. 

Measuring Impact. Increasingly, our donors need to see the results of their 

investment and to appreciate what their money has achieved. 

As a result, economists and other social scientists are increasingly being asked to 

quantify the impact of the international agricultural research centers (IARCs). 

Systematic and comprehensive impact assessment of ICRISAT-generated technologies 

is important for three basic reasons. 

" 	 Results from such an assessment provide a basis for setting future priorities among 

research options 

* 	 Researchers are provided with feedback regarding our partners' needs 

" 	 It provides a basis for satisfying our donors' needs for accountability of their 

research investments in us 

Recognizing the importance of including impact assessment as a basic component 

of each research project, ICRISAT held the first ofa planned series of workshops on 

research evaluation and impact assessment in December 1993. 

Medium Term Plan. ICRISAI's MTI' was formulated in the light of the system-wide 

issues affecting the CGIAR. In addition, our most recent External Program and 

Management Review recommended increases in interdisciplinary teamwork and 

research coherence across locations, as well as highlighting the need to demonstrate 

the impact of our research. The MTh is a compilation of prioritized research themes 

designed to address the major biotic, abiotic, and societ'conomic constraints to 

sustainable growth in agricultural productivity in the SAT. 

The methodology used in the developme,nt of"the MITP was innovative and highly 

analytical, with the entire Institute contributing to the data and judgements on which 

the plan was based. Based on detailed analysis of the economic consequences of' the 

various constraints affecting ICRISAT mandate crops and the SAT environment, and 

following considerable discussion, a total of 92 potential research themes were 

identified as components of ICRISAT's core-funded research portfolio. TVhese 92 

themes were ranked using f'our criteria. 

Efficiency-as measured by a net benefit:cost ratio derived from the estimated 

economic value of success in the conduct of the research, the likelihood of 

success, the potential for spillover benelits, research and adoption lags, and the 

influence of markets 

18 
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" 	 Equity-as measured by two variables; the numbler of absolutely poor people in 
the research domain where the constraints were judged to be serious, and the 
number of' f'male illiterate's in the sami domain 

* 	 Internationality-as meiasure'd h%a mathermtical technique which ranked the
 
theme,s according to tI e-xtelnt of their international impact
 

" 	 Sustainabilitv-as me"casureCd by the likely contribution to the conservation or
 
enhancement of the natural resource- base if new technologies are adopted by
 

target recipielnts
 

Each of these four criteria was given equal weight in the computation of' a 
composite index used to provide an overall ranking of' all 92 themes. By examining 

this ranked list, themWs which might he lost through insufficient funding are 
ilmmltdiatelV apparent, toge'ther with tleir potentially lost benefit stre'ams. 

This ,methodology agAso led to a1plan eriuphasizing a thenatic approach to research, 

incorporating interdisc iplinary andc ollaborative teams whose work is focused around 

production systems. "'lhe need to coordinate rese>arch across regions and disciplines 
led to the coicept of llatrix llauagemient as a ieans of'guiding project-based 

research on product ion s'sttl's. Furthermore, the data and judgements collected 
through the analytical process used in the developmnt of the MI'T provide clear 

mileCtones for monitoring and evaluating the progress of research, and also provide a 

basis for demonstrating ultimate iipact. 

Production Systems. The reorganized ICRISAT includes an emphasis on 29 
production systemus, allowing us to focus on our mandate conmodities in realistic 
situations, and to idlntif'y specitic researchable problems and the areas in which to 

assess thcir impact. Production systeis art defined by four descriptors. 

* 	 Geography 

* 	 Environumental resources 

* 	 Key CleUnts in the major ftarming systems (including commodity production 

trends and key socioeconomic variables) 

* 	 Important issues or constraints to improving productivity and sustainability 

The complete description of the production systems is complicated. It makes use 
of computer-based geographic inf'ormation systems (GIS) to identify and quantify the 

coexistence of' climate, soil, social, and other data that influence agricultural 

development. 
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Asia 

1 	Transition zone fr 1arid rangeland to rainfed, short-season 
millet/pulse/lit stock. Eastern marginsof the T'har desert. 

2 	 Subtropical wland rainy and postrainy season, rainfed, mixed 
cropping. ntral/easternlndo-GangeticPlain. 

3 Subtropi al lowland rainy and postrainy season, irrigated, wheat
based. estern Indo-GangeticPlain. 

4 Tropi , high-rainfall rainy plus postrainy season, rainfed, 

soybean heat/chickpea. CentralIndia. 

5 	 Tropical, lw land, rainfed/irrigated, rice-based. 
Eastern b ia, Myantnar,Thailand, SoutheastAsia. 

6 	 Tropical, h vland, short rainy season, rainfed, groundnut/millet. 

SaurastraP zinsula. 

7 	 Tropical, int rmediate rainfall, rainy season, sorghum/cotton/ 
pigeonpea. asternDeccan Plateau,centralMyanmar. 

8 	 Tropical, w-rainfall, primarily rainfed, postrainy season, 
sorghut oilseed. Western Deccan Plateau. 

Length 
0of growing 


period (days)
 

180 

ProposE 

9 	 Tropical, intermediate length rainy season, sorghum/oilsecd/ 
pigeonpea interspersed with locally irrigated rice. 

PeninsularIndia. 
10 	 Tropical, upland, rainfed, rice-based. 

EasternIndia, Southeast Asia. 

11 	 Subtropical, major groundnut and sorghum. China. 

12 	 Subtropical, intermediate elevation, winter rainfall and rainfe 

West Africa 

13 	 Transition zone from arid rangeland to short-season (less than 

100 days), rainfed, millet/cowpea/livestock. Sahelian Zone. 

14 	 Intermediate season (100-125 days), rainfed, millet/sorghum/ 
cowpea/groundnut-based. NorthernSudanian Zone. 

15 	 Intermediate season (125-150 days), rainfed, mixed, sorghum
based. Southern Sudanian Zone. 
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roduction Systems 
16 Long-season (150)-ISO davs), rainfed, inixed, i ze-based. 23 Highland, rainfed, long-season, (150-I8( davs), sorghuni/naize/teff. 

Northern Guiinean Zone. 	 Highland zones oj northeastern and eastern Africa. 

17 Humid, hiniodal rainflil, mixed, root crop based. 24 Highland, semi-arid, rainfed, intermediate season (100-120 days), 
Southern Guinean and Forest Zones. mixed maize/sorghun/wheat/barlev/lastoral. 

Highland zones of eastern and southern Africa.18 	 Low-lying areas prone to inundation, postrainy season, sorghum/ 


millet/groundnut based. Sahelian and Sudanian Zones. Latin America
SouthernandatastrnmAfric 

Southern and Eastern Africa 25 Tropical, upland, rainfed, maize/sorghum intercropping.
 
19 Lowland, rainfed, short-season (less than 100 days), sorghum/ CentralAmericaand Hispaniola.
 

millet/rangeland. Northern parts of eastern Africa, parts of 26 Tropical, intermediate elevation, subtropical summer rainfall,
 
southern Africa. rainfed and irrigated, sorghum. Inland valleys of Mexico and
 

20 	 Semi-arid, intermediate season (100-125 days), sorghum/ Colombia, northern Argentina.
 

maize/rangeland. Eastern Africa and partsof southern Africa. 27 Tropical and subtropical coastal plains, rainfed/irrigated.
 

21 	 Intermediate season (125-150 days), sorghum/maize/finger millet/ Mainly Pacificcoast of CentralAmerica.
 

legumes. Eastern and southernAfrica. 28 Tropical, subhumid, rainfed, acid soil savanna.
 

Llanos of Colombia and Venezuela.22 	 Lowland, sub-humid, mixed, rice/maize/groundnut/pigeonpea/ 

sorghum. Coastalareas of eastern and southern Africa. 29 Intermediate-elevation, semi-arid, rainfed, acid soil. 
Northeastern and central Brazil. 

13 Sahelian Zone 	 100 

14KNorthern Sudiahian Zone : . - ,,,.. 

16 Northern Guinean Zone 

17 Southern Guinean and Forest Zones 

Production systems in West Africa 
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Ni'
 

We will continue to work for food securityfor the people of the S T. 
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We continue to hold global responsibility for our six mandate crops, while there 

are clear advantages to using production systems to organize research. 

* 	 While maintaining our commitment to our mandate crops, interdisciplinary teams 

can be provided with identifiable objectives to focus on real problems, exploiting 

the synergism of genetic, management, and socioeconomic research 

• A concrete basis for collaboration can be established with our partners in tile 

national programs, all of whom have mandates that focus primarily on applied 

research for their nationally or regionally important production systems 
o 	 Ecoregional initiatives or research consortia that embrace NARS and IARCs and also 

focu. on conservation and management of' natural resources that interest donors 

are clearly delineated 

* 	 The direct impact of research on the target production system, and spillover 

effects in related production systems or geographic areas, can be more easily 

assessed
 

" A mechanism that helps managelent summarize research needs to plan for the 

required human and financial resources is provided 

" Scientifically and geographically diverse research work can be described in a 

logical, cogent way, thus presenting a coherent picture to stakeholders 

" 	 Research packages can be more easily identified for donors who are emphasizing 

thematic funding and less reliance on unrestricted core funding of whole 

institutions 

As ICRISAT's work moves to a focus on these production systems with more 

emphasis on interdisciplinary research, fundamental changes have taken place. 

" 	 Primary and secondary research domains of'the SAT were specified for the 

research themes. Thus there was an explicit ecoregional basis to the entire MTP 

* 	 The current operationalization of the MTPI involves organization of the research 

themes into research projects targeting the priority needs of' specific production 

systems identified as having particular regional importance in the SAT. 

" 	 The projects clearly group according to their target production systems, and the 

production systems can be aggregated into the TAC Regional Agroecological Zones 

" 	 Therefore the MTIT and the resulting projects involve an explicit ecoregional 

approach to research, through identification of major production systems 

regionally in tile SAT, and targeting priority outcomes for those systems. 
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New Organization. Under the new structure, ICRISAT's research will be packaged 

with the project-not the program-as the basic unit of operation and management. 

A portfolio of global research projects will be established, defined in relation to the 

priority needs and research opportunities within a set of specific production systens 

identified in th, four major regions of the SATl-Asia, Eastern and Southern Africa, 

Western and Central Africa, and Latin America and the Caribbean. These production 

systems will act to integrate and target our research, and to link ICRISAT to national 

programs and regional networks. 

Each project will have a designated team and clearly defined objectives and 

milestones. The team will be accountable for the development, conduct, 

management, resource utilization, reporting, and impact assessment of the project. 

ICRISAT's human and financial resources will be more efficiently used as the 

responsibility for use of these and tle success of eacl project is devolved to thle 

members of project teams. 

Many [CRISAT staff felt that under our previous, predomninantlv hierarchical 

management systemn, accountability was vested in limited numbers of people and did 

not encourage teamwork. This tended to inhibit productivity and initiative. The new 

organizational system is designed to ensure that ICRISAT staff are accountable for 

their work. Once the responsibility for conducting a project, or par of a project, has 

devolved to a staff member, that person carries the responsibility and authority for 

the relevant activities. 

To facilitate the definition, developmert, management, and conduct of projects, 

an organizational franrework employing a tandem matrix was developed. There are 

two dimensions to the matrix. The horizontal axis of the matrix includes four 

geographic regions, each of which has an Execative Director responsible for tile 

management and support of research focused on the agreed production systems 

within that region. The former ICRISAT Center now comprises the Corporate Office 

and the ICRISAT Asia Center (IAC). 

The geographic regions are cornmplemented by sevenI disciplinary research divisions 

on the vertical axis of the ulatrix, each led by a Research Division Director. 'These 

divisions have global responsibilities. While primarily in\volved in research planning, 

coordination, and scIentific quality control, the Research Division Directors remain 

active research scientists. 

The axes of the matrix arc designed to emphasize shared responsibilities, goals,
and outcomes through development and delhery of a relevant global research project 

portfolio. In contrast to the previous hierarchy, managelent of research and 

resources is now devolved to project teamns and leaders. 
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Chairman 

Governing Board 

Corporate 

Director General
 
Deputy Director General
 

Associate Director Associate Director Ac tant 
General General Director 

Finance and General' esarhAdministrationIl 

Information Management Administration EducationalProectand Exchange Computer Services Affairs 

Management Information services Donor Relations Internal AuditStaisic,Public awareness Finance Planning and 
S Scientifc publishing !Human Resources Policy 

, , Purchasing 

-FTraining and Fllowships --


Regional 
* Regional Executive Directors .. " _ 

Ai Southern and Western and Latin America 
Asia Eastern Africa Central Africa and Caribbean 

Agronomy Res.arch Support
 
Farm services
 

Cellular and IGIS 
Molecular Greenhouses
 
Biology Plant quarantine
 

Crop

Protection GbTechnology Exchange
 

Global Networks
 
Genetic 
 Research Projects
 

Enhancement indefined
 
Production Systems Administration


(plant, vehicles,GEngineeringRenes equipment)sources Housing and food services
 
Local computer operations,
 

Socioeconomics accounting, purchasing, and
 
and Policy personnel

Medical services 
Office management (mail, fax, 

Soils and travel, reprography) 
Agroclimatology Security, Stores, and Transport 

Visitors' services 
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To ensure coordination throutghout the research portfolio, with our NARS 

collaborators, and through various regional networks, active research scientists have 

been design ited as Crop Coordinators for specific mandate crops in each region. 

In recognition of the changing external environment, the Deputy Director General's 

responsibilities include ensuring effective and harmonious relationships between 

ICRISAT and NARS worldwide, and with our sister centers within the CGIAR system. 

ICRISAT's Executive Directors and Research Division Directors are spread across 

two continents. The Associate Director General for Research will also act as 

Executive Director for the Latin America and Caribbean Region because it is a small 

program. Such a management structure-indeed, the wide-ranging debate during 

f'ormulation of the MT1'-would not have been possible without the electronic mail 

and computer networking capabilities developed at the Institute during the last 10 

years. Scientists and administrators routinely consult each other and their 

collaborators using this rapid and cost-effective means of communication. 

What Hasn't Changed. Although ICRISAT is currently implementing a major 

reorganization and restructuring, many of our basic goals and ideals have not changed. 

* 	 Our global mandate to improve six staple food crops that sustain the world's 

poorest people is still paramount. We continue to seek ways to manage the fragile 

natural resources of'the semi-arid tropics 

" 	 Our partners are still the national programs o'the countries in which these people 

live and farm 

, 	The targets of our work are still the farmers 

and consumers of these countries 

We are committed to removing gender 

barriers 
* 	 Our work is still important to hundreds of 

millions of people throughout the world 

After 20 years, it was time lor ICRISAT to take 

a hard look at itself and to revitalize its staff 

and work. h'lheopportunities afforded by both 

the MT11 and the. f'undamental strategic review 

of our role, programs, and organization gave us 

the chance to sow the seeds of future success. 

Their germination and growth depend not only 

on ICRISAT, but also on its partners, 

collaborators, and donors. 
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This section pro'ides highlights oj recent iuippeningsaonl achievements of ICRISAT. It is not intended to 

provide a full historicalcoverage. Rather, this sample of events and accomplishmnents is selected to present 
an effecti'e, and reasomubly comprehensive, digest oj ICRISAT's work duringthe period of this report. 
Annual Reports that provide more detailed descriptionsof specific scientific achievements are available 
from regionalheadqtuarters. 

Geographical Information Systems - GIS 

lnformatioe, is poweIr-aId for agricultural scientists, understanding the complex 

relationships among all the elements of an agroecosystem and its associated 

socioeconomOic t'act rs is now easier-thanks to the use of advanced computer 

so ftware. 

This software includes geographial information systems (GIS) that are helping 

ICR ISAT researchers to understand the nature of the limited resources of' the SAT 

Environments Under the Microscope. The environment of acrop, land use, or 
farming svst, il has physical, chemical, biological, and socioeconomic aspects. The 

nature of these variables varies across time and space, which means that particular crop 

cultivars and management methods are optimium in different places and at different 

tines. Agrictultural scientists want to understand the complex interactions among these 

variables to, provide more effective managenlent of the crop or land system. 

The G1.(IShlps scientists to siIultaneCslv e' nine a whole range of temporal 

issuer, such as changes in land Use, soil condtic, is, use of inputs, access to markets, 

etc. Output fron the wi Ichlps them understand how these changes occur, and the 

conditions that support the ones which benefit flarmers and consumers. 

Anaflysis of the onplex interrelationships allOng soil, climatic, and socioeconomic 

factors is a daunting task. Mapping layers of data by G IS can help locate agroecclogical 

grouping, whic rLreflect mna or constraints to production. During Il)93, ICRISAT 

scientists superiIposetd length of growing period tLG!I) zOneS on the FAO/United 

Nations diuucational, Scientitic, and Cultural Organization (Unesco) soil map of the 

West African SAT, delineated the principal LG I and soil units in this area, and 

calcullted tl ariCas of these 'nits. 

Manipulation of these data using GIs will help identify areas where proven, 

improved practices are most likely to succeed, and where and on what crops limited 

inputs should be applied to achieve maximun returns. Thetse questions can only be 

answered by characterizing environments and analyzing data, and for such purposes 
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is a powerful addit, n to the agricultural scientist's research kit. Data manipulated by 

tile GIS also provide valuable input for models. 

Scientists are mapping such data as soil type, I.', area and production of crops, 

population, and value of production to identilyt primary agroecological zones. The 

expected payoff front research interventions in these zones can be calculated by using 

computer-mapped overlays of constraints to yield and probability of success-both 

biotic (such as insect pests, diseases, and weeds) and abiotic (drought or low soil 

fertility, for exaN pl') 

Integrating measures of poverty with population data helps address questions of 

equity and gender issues in different zones. The results of this research-aimed at 

planners and policymakers in national and regional agencies-will be easily 

understood, color-coded maps showing the potential for success of' multiple strategies 

in different agroecological zones in the SA I. 

Managing the Research Station. Access to and manipulation of land-related 

information is a crucial element of managing a research station. The use of G IS helps 

integrate all phases of 

N tield-oriented research,

/ from experiment 

design to data analysis. 

Soil series The ICRISAT 

Li Sahelian Center (ISC)'s 
500-ha research station

Siais managed using a GIS, 

.L and a database that 
LiC includes the entire land 

history since the station 

D Ga was established in 

FT 1982. Beginning in 

Sz., 1988, the ICRISAT Asia 

Center (IAC) adopted 
tile samne G IS. The 

research station in India 

m, -is Yi almost three times as 

.... ,4 as theOlarge one in 

Niger, and has a 
The soil series of the ISC research farm plotted by GIS. cropping history that 
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dates back to 1972. Data for 

IAC back to 1981 have beenN 

entered into the system, and 

eventually the entire land-use 

history wvill he available on -77.7 

computer. 

Preparing maps of land Av;idble soil 

usage at ICRISAT's research mesured hy 
stations used to be a B:a meth 

cumbersome and time

consuming process, with the ' I.-- 1.5 

ad d ed fru stratio n that b y the F -1 1 5 -2 .0 

time a map was complete, it 
was already out of date. Use D20 25 

of G IS technology elim inates 4V -3.0 

this problemn-maps 
updated on demand. 

can be25 
In D  303.5 

addition to producing basic ' 

land-use maps, the GIS 3-m 
manipulates and packages the 4.0- 4.5 
available information on land 

use in a manner which helps 

plan and interpret research 5.0 -55 

results. 

* Improves land allocation 

based on research 6.0-11.0 

requirements, land and 

field history, and resource 

characteristics M 

" Improves the quality of 10 20 30 40 

field history data for 

planning experiments soil phosphorus plotted by GIS 7br a crop residue experiment 

and analyses in a field at ISC. 

" Improves the monitoring and follow-up of land-use patterns 
" Helps plan station activities and increases their efficiency 

Data from the GIS are helpful to scientists when choosing land for an experiment. 

Data from a soil survey on a 20 x 20 m grid were entered into the GIS database at ISC, 
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and are now of great help in deciding the treatment allocation according to specific 

fertility needs. For example, if a researcher is planning a trial to study the effec ts of 

phosphorus on a crop, tlin the GIS can show all the available fields with a uniformly 

low level of P and an appropriate cropping history. File system can superimpose soil 

type, fertility, and cropping pattern on a single map. 

Data from tile GIS are used to schedule all station operations such as sowing, 

cultivation, irrigation, fertilizer application, and plant protection (at specified 

threshold levels). As more detailed descriptive data become available in tile future, 

they will be added to the system in units smaller than a single field; for example, the 

nernatode population density within an individual trial. 

By transferring GIS data sets betweer. JAC and ISC, researchers who are conducting 

trials at both locations will have access to much more detailed field histories at both 

locations. 

Improving Fodder. ICRISAT is collaborating with the Indo-Swiss Project Andhra 

(ISPA), a bilateral effort of tile Indian 	state of Andhra Pradesh and the Swiss 

Development Cooperation, to improve cattle numbers, health, and milk production 

by increasing the fodder supply. C;IS is an important tool in this work. 

After three years of on

farm studies in Andhra 

Pradesh (an area slightly larger 

than the UK) scientists 

d identified two dual. purpose 

fodder/grain sorghum 

genotypes which were well

adapted and acceptable to 

farmers. Over 250 farmers 

now grow these varieties. 

Currently, ISPA is 

I \ 	 assem1bling alivestock 

database and ICRISAT 

scientists are creating a second 
" database which covers soils, 

k .. " .. - zL crops, and rainfall. Both 

.. . .. .. , databases use mandal-level 
ICRISAT's work with IS'PA is helpingproducefodder ta can generateare 

income for farmers in Andhra Pradesh. 	 relatively small administrative 
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units within a state, and there are 1063 in Andhra Pradesh. When the two databases 

are merged, it will be possible to identify areas where farmers can expect a good 
payoff from growing these fodder varieties for two reasons-the cropping 

environment is appropriate, and they are close enough to urban centers that can 

consume the extra milk 
Using the power of GIS to extract information from the merged database, the 

collaborators can use maps to examine the entire production system and plan a 
cohesive approach to expanding fodder and dairy production in Andhra Pradesh. 

This information-processing capability has diverse potential. 

" For the scientist, identification of primary constraints to improved production as 

targets for research 
" For exteiision workers and agro-industry, a clear focus for technology exchange 

and investment in services 
" For policymakers, a basis for decisions about infrastructure development within 

the region. 

Managing Soil and Water 

Water is a worry for farmers all over the world. In some environments the worry may 
be too much water, but for farmers in the SAT the problem is usually the opposite

not enough water, or not enough water at a time when their crops need it. ICRISAT 
scientists are developing technologies to help farmers use the water available to them 

in the most efficient and economical manner. 

Ko 

~y 

in $es't Af/rica millet crops are dependent on scarce rainfall. 
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New Techniques for West Africa. Africa contains the largest land area within tile 

SAT, over 217 million ha, an area equivalent to almost 25% of the USA. 

Despite investments in irrigation by many African countries, domestic food and 

feed production will continue to rely largely on rainfed farming. 

Understanding how rainfall affects a cropping system is of particular importance in 

West Africa because rain is undependable and the soils are poor and have low water

holding capacities. It is necessary, therefore, to quantify how efficiently a crop uses 

water to produce biomass and food, and the different ways in which rainfall escapes 

use by a crop. In the sandy soils of West Africa where pearl millet is grown, rainfall 

is often 'lost' to crops by drainage beyond the root 

6 "zone. In some years, drainage losses can be 
. .. extremely high. Also, relatively small changes in 

J soil wetness or texture can drastically change 

draiageso tat t is difficult to extrapolate a 

nueasure of drainage from one location to another, 
even Within the same field. 

high labor costs and expensive 

instrumentation have inhibited study of this 
. problem at ISC, scientists there have developed a 

On sandy Saeliansoils pearl millet isoften simplified method of calculating root zone 

B -eause 

intercroppedwith cou'pea, drainage from measured profiles of soil water. 

This new mathematical technique has been successfully tested against classic, 

expensive methods, and should therefore save thousands of dollars in labor and 

equipment, and countless hours of field work. And because the technique is site

specific, it also greatly increases the accuracy with which scientists can calculate root 

zone drainage, and therefore crop water use. 

ISC scientists used their new technique to 

determine the effects of management practices on 

crop water use in mono-cropped pearl millet and 

in a pearl millet/cowpea intercrop. 

For the intercrop, they compared the effects of 

postharvest tillage and pre-sowing tillage on water 

use. The scheduling of tillage operations is an 

important consideration because draft animals are 

1 in nmuch better physical condition immediately 

Draft animalsneed adequate /bdder if theyv are to after harvest when more feed is available, than 

provide tractionpower for tillage operations, they are before sowing. 
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Scientists found that although postharvest tillage conserved a small amount of 
water compared to pre-sowing tillage and no tillage at all, probably due to weed 

control, yields were slightly lower. Seedling establishment was better after pre-sowing 

tillage, thereby improving water use. 

The simplified method of calculating root zone drainage was also used to assess the 
effects of climate, management, spacing, fertilizer application, and genotype selection 
on yield and water use in mono-cropped pearl millet production systems in four 

contrasting rainfall years. 
This study enabled scientists to identify limiting factors to mono-cropped pearl 

millet production in West Africa, and to develop models to predict yield from 
water use under various levels of management and differing degrees of aridity. At 
moderate levels of fertility and sowing densities, crop water supply was not limiting 

during any but the very driest year (about 250 mm rainfall). Water-use efficiency 
(and therefore yield) increased by approximately 450% compared to that in low

input fields, without any increased risk. At higher fertility levels and sowing 
densities, however, additional risk was introduced. The implications of these results 
on management of these West 

African farming systems are 

quite fundamental, with major 

potential impact on food and 

food security. 
Scientists have long known 

that tillage, choice of genotype, 

fertility level, and plant spacing 
all affect yield. But this new 

technique for estimating root 
zone drainage has allowed [SC 

researchers to quantify the 

effects of these factors on crop 

water use with much higher 

accuracy. Understanding these 

complex relationships will aid 
ICRISAT and its NARS partners 

in helping farmers to manage 
undependable water supplies, 
thereby increasing their pearl When all the factors are right, pearl millet can produce an 

millet yields. excellent crop-even in the Sahel. 
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Water Harvesting inIndia. )istribution of rainfall during a cropping season is 

often far more important than the total amount of rainfall. Frequent short-term dry 

spells or an early end to theim0onsoon season are quite common indrvland areas. 

For many years, ICRISAT scientists have been studying water harvesting for 

supplemental irrigation-tthe collection of excess runoff water from a catchment area 

for use at aitune deteriliIi by tie iarr;. I arvestin, rtuni!l vatcr for tuppi-luiiental 

irrigation is often a highly eftctive way to increase and stabilize crop pro(luction on 

the fragile soils of1the SAT. 

'he early work focused on the concept that every drop of rain 

falling on a catchlment area should be conserve,,, and therefore it was 

necessary to dtig large Water storage tanks to capturt Most Of' the excess 

iunof"water, even in gooarsdtt'tyof good rains. The problem with 

tils concept, however, was tliat in nmost vears tanks were not full, and 

0nly about 15 to 0,'U( Of their Capacity waS tisd. Thus the cost per unit 

Of water stored and available for irrigation was very high ieCau>Se it is 

t'xpensive to dig large tanks. 

In ,1n-station trials at three locations ,.1India during the last two 

vers, ICRISAT scie'ntists have been collaborating with the Central 

Research Institutet for Drvland Agriculture (CRIIA) to investigate a 

lifferent concetpt in water harvesting. The goal is to make water 

halr\v'sting technolog\ more (ost-efftctive andl aftordalle to farmers by 

"Tankssave Precious uw'lt'r. excavating a relatively small water storage tank for a given catclhment 

size. This approach rehices the tank size so that in most years the tank is full, but use 

of its capacity is high. Smaller tanks are not Iarge tiough to conser\ve 10) of the"exce,ss 

runoff from the catchncltnt, but the system is more c-onomnical and probaly will be more 

adoptabL' by farmers becauis the cost per unit of stored watetr for irrigation is lower. 

One' of the adVantages of Working with an organization such as CRIDA is that in 

addition to having several research stations located in diffTrent agrocl imatiC Zones 

which can potentially alopt this water harvesting technology, it has established links 

and networks with other Indian Council of Agricultural Research (ICAR) 

organizations Whose clients couIld also adopt this technology. 

Initial trial results have been favoralt-a cotton crop irrigated once during the 

Season Vi,ielCd 5( to More than a nonirrigatedI control. Scientists are working/() 


initially with a highly con mercial crop-which is often grown in rotation with 

sorghun-that respondIs well to irrigation to de've'lop the tecthnology, and will then 

adapt it to fool crops. IData from1these ex irilents are being used to construct a 

lnodelC which can be usedt to transher the citntcetpt to otht Obeations. 
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Removing Gender Barriers 

\Vonen provide muich of tile firm labor 

throughout tile S,\r. They are also 

homemakers who us. all of ICRISAT's 

mandate crops as staple foods for their 

families, a)swell as pigt,onpeaC for firewood, 

and groundnut hiulms and cereal stover for 

Iodder. In southern and1 eastern Afri-a, 

women are the preominait lamters. 

Wome10n contritltC significintly to 

agriculture in tile SAT, alnd to be truly 

"l'fctive, strategies to il.. roVC prodIuction 

systemlIs and croIjs Imuist inlvT thII 

directly. 

ICRISAT is coInscious of tile sev'\ral 

conside'ra blec barriers to women's kill WoenI inlCIt. nist 'ork in tie ieids and care far their families.
particip~ation in aigricultural de'velopment. 

Through its policies, research activities, and training, ICRISAT encourages re miov al of 
these obstacles. I h0ding Farmers Days exclusively for women is just one 

demonstration of the Institt"s cOmmllitlent to reioving gender barriers. 

Our gendTr program began in earnest in Late 1991 \\hen ll 1conolist was assigned 

to incorporate gender analysis into [(RISAT's research. \Ve focus oil the impact of' 

new agricuilturali tech nologies on bot h men, and womn'n, and oil their differing roles in 

the practical implmientation of these technologies. Proactive ge'ndcr analysis is a 

f'JtUle of tle NIT', wh ich will ha\ve its foc'll poinlt ill the Socioconomics and Policy 

)ivision. I lowever, all scientists will be expectedt to huactor an appropriate gendcer 

pespelctive into the phinning and conduct of their researcl. 
As one example, collaboorative researlL Lttn ICRISAT and CRII)A is analyzing 

the effects of' tech nologis on tie roIles and re'sponsibilities of WomelCn 1nd lln. These 

data will hlCp tlulantilv the signiiic.Ince of ge'nder as a socioeconomic fac tor ill 

ICRISAI'S rTseaIrch in Inliai. 

At a1nother level, in Deceinbert 1993 ICRISAT niiadc prese'ntations a3tan Inidian 

seminar on Wi'omen in Agriculture: Devrelopmental Issues, at the National Acadtilly of 

Agricultural Resea rch MIan'Lagellent, I lyderabad. In addition to the sc llinar 

partici pants over 5(00 farm w\oment, vieswd tile ICRISAT displays, which covered 

socioeconomic issues and appropriate tchnologics for wonlen in agriculture. 
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Explaining ICRISAT's work to uomen farmers. 

ICRISAT has taken a leaders4iip role in the CGIAR with its gender programs, that 

include an employment policy which actively considers the dual-career family. 

Women will continue to play a vital role in agricultural development in the SAT as 

farmers, field workers, homemakers, and increasingly, as research technicians and 

scientists. ICRISAT recognizes the importance of these agricultural decisionmakers 

and actively seeks to involve them in its work. Initiatives specifically targeting 

women's needs will ensure them a more active role in agricultural development. 

.',%
 

A visitingscientist from Vietnam working on groundnut rhizobia at IAc. 
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Integrated Pest Managemoriii fr !Aaumes 

Farmers commonly apply chemicals to their crops in an attempt to reduce damage
 

fiom insect pests and diseases. The chemicals do not always work as intended, and in
 

some cases, actually do more harm than good.
 

When used appropriatel', pesticides can provide fast and economical control.
 

Unfortunately, many farmt rs are frequently unaware of the potentially negative
 

consequences of excessive pesticide use-a resurgence of the targeted pest due to a
 

reduction in natural enemivs, emergence of new pests, resistance to chemical
 

controls, and human health and environmental hazards. The concept of integrated
 

pest management (111M) eC -)lved primarily because overuse of chemicals led to many
 

pests getting out of control.
 

HPM provides farmers with alternative pest control strategies which do not depend 

solely on chemicals. It can be defined as farmers managing pests of their crops 

through activities that maintain the density of potential pest populations below levels 

at which they become economically damaging, but without endangering the 

procuctivity and profitability of the farming system as a whole, the health of the farm 

family and its livestock, and the quality of adjacent and downstream environments. 

A successful 111M program is based on a thorough and fundamental knowledge of 

farming system ecology. Four primary control strategies characterize IM. 

" 	 Host-plant resistance 

* 	 Enhanced natural control 

* 	 Manipulation of the farming system to 

minimize pest infestation or damage 

" 	 Controlled use of synthetic chemicals or 

natural control substances 

[PM is a dynamic activity that happens in 

farmers' fields, usually as a consequence of 

deliberate decisions made by the farmer. 

It encompasses the results of many years of 

component research, followed by vigorous 

technology transfer efforts. There is no 

standard package of IM recommendations

one approach does not fit all needs. A set of 

components must be evaluated tinder realistic 

conditions and molded to suit a specific Cattleegrets can reduce populationsof 

farming system and the available resources. I lelicoverpa armigera. 
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ICRISAT scientists have intensively studied tile coMponents of an IIM strategy, and 

can now cautiously approach farmers with tile fruits of their years of research on 

their mandate legume crops-chickpea, pigeonpea, and groundnut. 

iPM for Chickpea and Pigeonpea. The potential to successfully manage insect 

pests varies among the different pulse crops. In South Asia, for example, chickpea is 

attacked only by Helicoz'erpaarmigera, hut several effective management tools exist, 

together with a large database of ecological information. In contrast, pigeonpea is 

attacked by many insect pests. Unfortunately the reservoir of ecological knowledge, 

althoh ubtanltial, doeN not over the inunensity of the problem. 

Chickpea is traditionally 

i rown as a winter-spring crop in 

the northern part of the Indian 

1uiicontinent, at a time When 

Ih'licoI'erpa is not very active. 

rops that niatre by late 

Selbruary or early NIarch avoid 

kLimIage frou, this insect, hence 

he popularity of short-duration 
%arietitcs in the region. 

In the southern part of tile 

Indian subcontinent, tile insect 
remains active thtoughout the 

Chickpea harvtest il N'pal. year and is considerably more 

damaging. In a series of experinw nts Untder simulated farm conditions at IAC, 

scientists demonstrated that ifan iInsecticide is applied during the reproductive stage 

of the crop when there are more than two larvae per plant, then yields can increase 

from 0.7 to 2.A t/ha. This strategy involved two to three applications o1' inecticide 

per season. Further research is aimed at finding ways to maintain insect pest levels 

below the threshold density without using ins'cticides. 

This research includes several strategies that will all need to be tested to fintd tile 

ones most pertinent to a given situation. 

" Growing varieties with rtsistance to I Ielicoi'erpa and fusariun wilt 

" Growing mixtures of insct-resistant and high-yielding (susceptible) varieties 

" lntercropping with plant species that attract larval parasites 

" Applying biological insecticides 
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When insect-resistant and high-yielding (but susceptible) varieties are grown 

together tinder experimental conditions, an unknown mechanism apparently provides 
protection to the susceptible plants. Thus when tile mixture is subject to a low level 
of' insect attack tile yield will be lower than if only the high-yielding variety were 
grown, but when insect pressure is high, the mixture will outyield a sole planting of 
the susceptible, high-yielding variety. 

Helic,erpa is also tile major insect pest of pigeonpea in the core growing area of 
southern India, but tile podfly (Melazagron?,za obtusa) is the main pest in northern 
India, Vietnam, and during part of the season in Sri Lanka. A third insect is the major 
pest in areas of high humidity. Pigetonpea entomologists have concentrated on 
-elicoi'erla because it is the nost damaging insect wherever the crop is important. 
Low levels of genetic resistance to I telicozerpa have been detected in several 

genotypes which consistently stiffer less pod damage than control cultivars when not 
sprayed, but without sacrificing yield. The mechanism for this resistance is not clear, 
but researchers are working closely with NARS, NGOs, and farmers as a continuing 
part of this collaborative on-farm p)est management research. 

Genetic engineering is a potential mechanism for improving host-plant resistance 
either by inserting novel genes or through wide hybridization. Recent studies have 
also shown that the effectiveness of key natural enemies of lelicot'erpa is influenced 

by pigeonpea genotype, a factor which will weigh heavily in future breeding efforts. 
Another approach to pest nanagement which can be combined with host-plant 

resistance is the application of natural insecticides. Synthetic insecticides, however, 
will remain a vatiable tool in managing pests of chickpea and pigeonpea, but tile 
widespread misuse of these chemicals has overshadowed their potential benefits. 

Helicoverpa has developed resistance to most classes of insecticide, w'hich effectively 
eliminates them from management strategies in the long term. 

An increasingly affluent urban population is pushing up the denand for the pulses, 
that form a valuable protein conponent of their diet. Successful pest management 
will be the cornerstone of more efficient p,'oduction systems. In turn, these systems 
will depend upon farier-managed IJM. 

Groundnut IPM. Many of the world's pourest people depend on groundnut as a 

cash crop and as an essential part of their diet. In less-developed countries, this 
legume is grown on about 20 million ha, but few farm families grow more than 0.(6 ha 
in any one season. At an absolute minimum, 30 million farm families are at least 
partly dependent on this crop for their livelihood, often it provides their only source 

of cash income. 
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Groundnut yields in the SAT rarely 
- exceed 0.7 t/lia, yet scientists now 

that even without irrigation this yield 

can be doubled or tripled. Even though 

the groundnut plant is naturally 

resistant to most defoliating insects 

and pathogens, sone pests are out of 

control. Farmers who have enough 

money to buy pesticides believe they 

will insure their crop against insect 

pest attacks by spraying regularly, 

irrespective of the relationship of' 

damage to insect population densities 
in thle field. Sadly, the productivity and 

Resource-poorfamilies work hard to grou the groundutson 

uhich they depend. profitability of' their farms have 
declined over the years. 

During the 1992/93 season, pest management specialists froml ICRISAT Asia 

Center and Bapatla College, Andhra Pradesh Agricultural University (APIAU) began 

working with agroup of groundnut farmers on the east coast of India. These farmers 

had been applying insecticides to their groundnuts five or six times during a single 

90-day crop cycle. Despite these frequent applications of chemicals, their crops 

suffered severe attacks from defoliating insects. 

The researchers persuaded th' farme;s not to apply 

insecticides or fingicides, unless the need Was forecast. 

Populations of beneficial insects grew, birds and spiders 

returned to the fields, and insect pests soon became food for 
a host of beneficial predators. Sonie insect pests becamlet;{} 


I unwilling hosts of parasites, While insect pathogens spread by 

E the bird droppings killed still more. 

i One leading farmer stuck small tree branches into his 

fields to provide perches for birds. This idea was instantly 

followed by his neighbors. This simple but elegant technique 

increased levels of pest predation-virtually every perch was 

t . occupied. The groundnut yield of the unsprayed crop was at 

least equal to that of neighboring sprayed crops, but the 

Perches encourage birds to stay inthe profit was substantially greater because no money was spent 

groundnutfields uhen they prey on pests. on chemicals. 
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The news of' this success quickly spread, and even in the first season farmers in
 

neighboring villages decided not to apply insecticides to 400 ha of groundnut. Their
 
yields were equal to or better than what they had anticipated. They estimated the
 
increase in profitability to be worth I million rupees because they had previously
 
spent about 2500 rupees (uS$ 83) per hectare on insecticides.
 

Technical staff acted as pest scouts.
 

They advised farmers daily, warning
 

them if pest outbreaks were forecast.
 

They visited each farmer three or four
 

times "1week, operated a pest

forecasting system, and advised
 
farmers co sow specially adapted
 

groundnut varieties by a certain date to
 

avoid the risk of late-season pest
 

invasions. It should be noted, however,
 

that synthetic pesticides are often part
 
of an IM scheme, but the emphasis is
 

always on applications only when .
 
needed, not as part of a routine 'more 

is better' regimen. In fact, no farmer "
 
following the A,,',U/ICP.SAT system "-,
 .. 

needed to apply insecticides. .- :1-; 4.-. 

Over 10 years of research on IPM , . ' ,. 

has vastly increased the understanding . . , 

of the crop-insect system in groundinut. 

ICRISAT scientists and their W, -. " ,r 
collaborators are now studying how Rich harvestfrom unsprayedfields-proitsare 
various pest managelent procedures higher if money is not spent on pesticides. 

can be integrated in farmers' fields. 
The next step to spreading groundnut 1IPM technology is to train 'pest scouts' andf 
provide them with the skills necessary to advise farmers. The formation of this scout 
cadre will increase rural employment-especially of women, who are well-suited to 

this work. 

ICRISAT scientists arc working on IM Itr other crops in other production systems. 
Basic technologies are available, but no matter what the nature of the crop or 
production system, the crucial need is to link the farmers' best interests with the 
various management options through a thorough knowledge of the agroecosystem. 
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Grappling with Groundnut Grubs 

Groundnut is a strategic crop for food security and -ash earnings in parts 

of Asia and Africa. In many countries yields are severely reduced by 

danage from white grubs, the larval stage of cockchafer beetles, known 

to many people as May beetles or June bugs. White grubs eat plant roots, 

and in groundnut, they may also eat tile pods. In some areas, such as the 

Gangetic Plain in northern India, damage has been so severe that farmers 

no longer grow groundnut. 

IDuring an extensive survey of groundnut fields in Malawi, Zimbabwe, 

Tanzania, and Zambia in 1986/87, an ICRISAT entomologist identified 

more than three dozen known species of white grubs, and found an equal 

number that were new to science. White grub population densities were 

high enough to reduce groundnut yields by at least 50%. It is now known 

that more than 100 species of white grubs are potential groundnut pests. 

Because of the increasing importance of groundnut across the world, 

ICRISAT scientists are collaborating with Indian and Australian agricultural 
While grubs demolish research organizations to study white grubs and fill in certain knowledge 
groundnut pods. 

gaps. ICRISAT has a comparative advantage for a portion of this research because of 

its excellent research facilities at IAC, but relies on its collaborators for field studies 

with farmers. 
Despite the importance of 

groundnut in many countries of the 

SAT, ICRISAT scientists first had to 

establish effective research 

tcihniques for studying white grub 
damnage. Using these techniques, 
they investigated the relationship 

between larval densitv and 

groundnut yield, and the response 
of white grubs to roots of wild 

species of groundnut. They adopted 

this latter topic after discovering 

that another species of soilborne 
insect does not survive when 

White grubs can kill groundnut plants and seriously reduce feeding on the roots of some wild 
production. grouindnut species. 
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Experiments in 1993 established that without access to living
 
plant roots, grubs could not survive for more than a flonth solely
 

on 
the organic matter present in the soil. Under experimental
 

conditions, larvae reduced pod yield by 17% at densities of I r/n1
2 

or 25 for every 100 plants, and by 50 at twict, that density. 
Deflitive results about the resistance of wild groundnut species 

are not vet available, but the experimental results to late warrant 

fhrther studies. 
White grub damage is sometimes a sign of increasing 

prosperity. In some areas of' northern India, farmers can afford to 
buy tractors and art, thus able to plow at night when it is cooler. 

The white grubs that are exposed by cultivation at night are not 

eaten by birds as ire those exposed by daytime cultivation. Night 

plowing thus eliminates an important natural control mechanism. 

ICRISAT has developed a new technique for studying white 

grubs and applied it to accumulate essential data about their 

growth rates. 'his information is needed so that scientists can 

continue their search for resistance to white grubs in the wild 

species of groundnut. 

If resistance is con firmed, then advanced molecular biology 
techniques will he adapted to transfer the resistance fictors to 

high-yielding cultivars. The intention is to improve the 

profitability and sustainability of fIarms in northern India and StudYing soil populations ol'while 
Africa by providing farmers with groundnut varieties that can grubs al 1AC. 

produce good cr,'ops even thouIgh white grubs inhabit the soil they till. 

Insect Pests of Sorghum and Millet 

Sorghum and millets are the n.ost dependable crops in many marginal environments, 

and a1'e us' ally grown by smallholders. These cereals are important to food security in 

the SAT because they are particularly well adapted to stress-prone environments. 

in many areas, insect pests seriously r' duce sorglhulm grain yields. Cultural control 

methods are only moderatVh effectiVe, dnd using insecticides is problematic-they 
are expensive for farmers of linited means, may not be available even if f'armers can 

afford them, are potentially dangerous to use, and may be ineffective because insect 

larvae remain protected inside the plant. 

Breeding for host-plant resistance is an effective method of controlling insect 

pests-farniers who sow the resistant seeds do not need training in pest control 
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techniques, and no cash investment is required. Hlost-plant 

resistance is an essential element of [PM, which takes full advantage 

of natural enemies, agronomic practices, and to a limited extent, 

chemical contro!. Traps baited with pheromones -chemical 

attractants emitted by female moths-are another technology used 

to help control insect pests. 

ICRISAT scientists and their collaborators are working on several 

fronts to develop HPM strategies to control insect pests of sorghum 
and millet. 

Pearl Millet Stem Borer. This pest is estimated to cause annual 

yield losses of US$ 91 million in sub-Saharan Africa. ICRISAT 
researchers at ISC are collaborating with the UK Natural Resources 
Institute (NRI) to optimize pheromone technology to control te 

borer (Coniesta ignefusalis). 

Using sophisticated laboratory equipment, NRI scientists 

extracted, identified, and synthesized five pheromone compounds 

which were confirmed to comprise the female sex pheromone of the 

stem borer. I-lowever, through field testing in farmers' fields at 

Stem borer larvaecan totally Sador6 near ISC, scientists demonstrated that only three of the 

destroy millet sterns. compounds, if combined in an optimum ratio, are attractive to males. 

Tile role of the other two compounds has yet to be determined. 

Scientists developed a water-bascd 

pheromone-baited trap that was tested in 

farmers' fields. The trap, which can be 

manufactured locally, has potential for use 

as part of three different strategies. 

• Monitoring moth populations. By 

counting the number of moths in traps 

placed in their fields, farmers can monitor 

population levels and develop an early 

warning system to determine if tile moths 

reach a level that threatens to cause 

significant damage to the crop. 

Mass trapping. Using traps to capture 

large numbers of moths, thereby reducing 

A locally made pheromone trapin on-farm trials in Niger. pest populations, is more efficient for 
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non-migratory insects. Since it is likely that the millet stem borer is
 
not a migratory insect, the potential for using pheromone traps for .
 

mass trapping is high. 


Disrupting mating behavior. This technique uses the female
 

pheromone to chemically disrupt communication between males and
 

females. Using rubber resin dispensers placed at regular intervals, iN f
 
males were successfully confused in a trial in farmers' millet fields.
 
Large numbers of' males were caught in pheromone-baited traps in '

the center of non-treated plots, but almost no catches were made in
 

pheromone-treated plots.
 

ICRISAT scientists and their collaborators from NRI and NARS in 

western and central Africa will continue both strategic and adaptive 
research using pheromone traps to reduce the incidence of the pearl Small pieces of impregnated 
millet stem borer. This research not only has potential benefits for all rubber placedat intervaLs in 

the field can emit enough
sub-Saharan countries affected by this pest, but also for other locations pheronone to disrupt insect 
where the design of the trap can be adapted to monitor other insects matingbehavior. 
using different moth pheromones. The successful transfer of this 

technology will help subsistence farmers reduce insect damage and 

increase millet yields. 

Sorghum Midge. This destructive insect pest causes annual losses of US$ 300 
million in India, Ethiopia, Tanzania, Yemen, several western African countries, and 
Australia. In the very worst years, an infestation by sorghum midge (Contarinia 
sorghicola) can cause total crop failure. Chemical control is inefficient and involves 
costly inputs from farmers. ICRISAT has identified sources of genetic resistance, 
transferred them into agronomically improved sorghum cultivars, and tested their 

adoption by farmers. 

Extensive studies by ICRISAT scientists have identified the actual midge-resistance 
mechanisms. Flower characteristics appear to provide the major element of resistance 
to midge attack. In midge-resistant genotypes, a short and tight glume covering over 
the ovule keeps the insect from attacking the grain. In other resistant genotypes, 
adult insects are not attracted for several reasons. 

* 	Chemicals in the plant, if eaten, kill the larva or pupa or prolong their 

development by 5 or 10 days so plants escape damage 
" 	 Shapes and sizes of flower parts are associated with midge resistance, 

a characteristic which can be used as a marker to select for resistance 
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" 	 The grain of some midge-resistant lin's devt.iops Laster than that of susceptible 

lines immediately a iter pollination and thus avoids tMidge cia magc 

* 	 Sonlt of the most nmidg,-rcsistant Iintes hlavc a high tannin Ionttnt and thereflore 

may be unpalatable to insetst 

The ICRISA'-developd nmicige-resistant variety I('SV' 745 yields 5) to 100% more 

grain than commercial cultivars in areas where Midge is eldlmic. The use of' this 

dual-purpose' variety for grain and t'oddr production drastically reduce's both the 

build-up of midge populations and farmers' investments in insecticide's. A significant 

contribution to environleuptal sustainability, it has bwel test'd exte'nsively in India Oil 

farmers' fields by ICRISAT :,cientists in ctoll0lbOration with tiit .Jniversity of 

Agricultural SciencCs inKarnataka, and ISPA in Andhra Pradesh. 

ICS\' 745 has been relCased for cultivation ill Karnataka as l)$V 3, and has also 

perfornled well in oil-farni trials ill Andhra Pradesh and Taiil Nadu, and inSudan. 

Another midige-resistant 

variety ICSV 88032 is lcing 

t'stcd as SIV 1010 in India 1y the 

All ndina Coordinated Sorghuml 

Ilproveent Project. [(iSV 746 

and ICSV 735 are 'oting tested in 

,l\vannlar, and I[(SV 735 will Ie 

ttsttcd on-Ifarin iilSuclan. 

\Within the nexCt two or three 

\ears Midgt' resistance' will AlSO 

he transl'rred intolhylbri. 

',orglhumis. T[his willI offer-t farmiers 

tit Change to millnimize the tisks 

of loosing their crops, and will 

A health' crop of (wsI'745 growing in a midge-endernic region of help to increase sorghumi
 

Karna aka i'here,midge-susceplible sorg/ioms suffer /leal'l danage. productivity ill enciemic areas.
 

Sorghum Head Bugs. In :acollaborative protject it'twt'n ICRISAT and tht Cereals 

Technology lAboratorv of tih' Centre cit cooperation intcrnaltionale tn Ircherche 

agrononlitue1pour It ctfveloppent'nt (CIRAD) in iralnc,, sciclntists identified a major 

factor associated with resistance to head bugs-quicker hardening 0f the encosperni, 

which shortens til' pcriod during which head bugs can fed and la' their eggs in 

maturing sorghum grains. 
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Host-plant resistance to the sorghtm head bug
 
(Euryst3,lus innzuaculatus) which causes an estimated
 
worldwide vield loss of USS 200 million each year-is tilt
 
best mechanism by which to increase and stabilize grain . , 

yield. Over 1000 genotypes have been evaluated for 

resistance under field conditions. Of' tle improved 
varieties, Nalisor 84-7, bred by ICSA' scientists working 
in Mali, is the most promising source of' resistance. 

Multilocational trials [ror 19S9 to 1993 in Mall, Burkina 

Faso, and Nigeria confirmed the high level and stability of 

head hug resistance in this variety. 

Evaluation of breeding lines de-:"ed f'ron crosses 

between Ma lisor 84-7 and high-yielding cultivars tinder 

both natural and artificial head hug infestation confirmed " 

resi!,tance. Breeding and collaborative trials with NARS will 
continle as scientists exploit this genetic resistance to an tAdr.t sorghunL7t head bug feeding on 
economically important insect pest. deeloopiig sorghum grains. 

Improving Sorghum and Pearl Millet 

LASiP's 16-Year Impact. The ICRISAT Latin American Sorghum Improvement 
Program (LASHI') has had a profound impact on the region during the last 16 years. 

Thirty sorghun cultivars based on materials identified or bred by L\Sll1 have been 
released in 10 l.atin American countries, and are nowv grown commercially ol 97,000 
ha. The program has also bnefittted smallholders in the region, who grow much of 

their sorghumn ill cool, high-elevation environments. 

ICRISAT scientists also introduced superior lowland tropical germplasm for 
intermediate and low elevations. Tlhev bred for tolerance to foliar diseases, reduced 

plant height to lower competition with imaize in intercropping systems and improve 
resistance to lodging, and iliimproved the forage quality of' local sorghums. 

In Guatemla, 1ElSalvador, I lon ir'is, and Nicaragua, sorghum cultivars released 
via l.AS Ii are grown on 27" of thi total sorghtni area. Based on preliminary data, the 
1).3 vale of the vi eld gain as a result of' growing these ctlitivars was US$ 18 million. 

LASII' was all important influence in tile region because of' its strong collaboration 

with national programs, its supply of' superior genetic Material backed by appropriate 

techn1ologies for evallation and lise, and its sustained training program. 
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In londurassorgh um grows in cool I,igh-elevalion environments. I('RISAT has helped breed 
well-adaptedvarieties. 

LASIIP traces its origins to a Rockefeller Foundation cooperative research program 

with the Mexican Ministry of Agriculture which began in 1943. ICRISAT's sister 

institute the Centro Internacional de Mejoramiento de Mafz y Trigo (CIMMYT) started 

a sorghum breeding program in collaboration with the Mexican national program in 

1973. In 1977, ICRISAT assumed responsibility for the program and posted a breeder 

at CIMMYT's headquarters. In 1982 an agronomist was 

added to the program to take breeder's products to 

farmers' fields, study their adaptation to local 

f A environments and cropping systems, and exchange 

information on performance and farmer needs. 

Also in 1982, LASI' and national sorghum program 

coordinators from nine Mesoamerican and Caribbean 

countries formed the Comisfon Latinoamericano de 

Investigadores en Sorgo (CLAIS), the regional sorghum 

research network. In 1991, 10 South American countries 

joined their neighbors in CLAIS. 

LASIP's close collaboration with national programs 

New sorghurns spread fast through the CLMI included continual evaluation of germplasm accessions. 

network that links growers in 19 countries. It provided material to NARS, and organized regional 
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trials for yield, agronomic traits, and food quality thiough tile CLAIS network, and
 
informal bilateral agreements with individual countries. LASIP helped NARS with
 
technology transfer, collaborated in on-farm trials, and offered training to over 130
 
national researchers, including 71 who studied at IAC.
 

LASIP concluded at the end of 1993. Provided funding can be found, ICRISAT
 
proposes to continue its activities in Latin America as a component of the
 
ecoregional initiative on acid soils in savanna farming systems led by CIAT, our sister
 
institute in Colombia. The savanna lands are a strategic regional resource, and
 
ICRISAT expertise in sorghum genetics, breeding, and disease management can be a
 
key contribution to the development of sustainable farming systems in the region.
 
The proposed program will also involve INTSORMIL, and hopefully be 'anded by the
 
Inter-American Development Bank. The network component will involve
 
assembly and dissemination of appropriate technologies to participating NARS
 

through CLAIS.
 

Highland Sorghum for Eastern Africa. Sorghum is an important staple cereal 
crop for smallholders on 800,000 ha in tile cool tropical highlands of eastern Africa, 
as well as in the higher elevations of Lesotho and Yemen. The highlands where 
sorghum is cultivated range from 1500 to 2000 ni above sea level (asl), and have 
mean temperatures below 18'C during the growing season. Late-maturing landraces 
predominate, but are susceptible to leaf diseases and have poor grain quality. To 
flower and set seed effectively in these cool environments, tile crop needs to tolerate 
low tempo'ra Lures. Resistance to lea[f diseases isalso important. 

ICRISAT, the Kenya 
Agricultural Research Institute 

(KARl), the University of Nairobi, " 

and Egerton University are 

collaborating to select and breed 

sorghum for the highlands. 

Trials are sown at 1800 to 

2100 ni asl in Kenyan locations, 
and multilocational testing 

extends to the highlands of 

Burundi, Ethiopia, Rwanda, and 

Uganda. Materials bred by this 
research program will enter pre

liminary yield trials during 1994. L.ocal sorghum growing at 2200 ?n asl in southwestern Uganda. 
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Multilocational and on-farm testing in collaboration with NARS will begin in 199)6, 

and improved cold-tolerant cultivars are expected to reach farmers in 1998. Tilis 

research was funded by the United States Agency for International Development 

(USAID) through the Oganization of African Unity/Semi-Arid Food Grain Research 

and Development (OAU/SAFGRAD). Unfortunately, the cessation of this funding has 

inhibited further progress. 

.. New Sorghum for Kenya. A white-seeded sorghum is 

a promising new variety from KAR. The variety, KAT 369, 
is especially attractive to Kenyan policymakers-the 

country currently imports about 50% of its annual wheat 

requirements, but flour from this sorghtm blends well 

with wheat flour for baking, thus saving foreign exchange. 

KAT 36) was selected in 1983 by KtRl breeders from a 

sorghum nursery sent to them and other NARS breeders 

from [AC. It has undergone extensi\e testing by KARl, 

including on-Firn trials in sorghum-growing areas of Kenya. 

[CRISAT increased seed at the Kiboko Research Station 
from 1991 to 1993, and provided it to extension agents and 
NGOs for use by t'arners in the Kiboko area. In on-fari 

trials in this area conducted by the Kenyan extension service 

t/ha,Kenyan participant in on-farm trialsof during the 1992/93 short rains, yields averaged 4.1 

sorghumrAT 369. compared to an average of 3.2 t/ha for maize. 

Improved Pearl Millet Reaches West African Farmers. Pearl millet varieties 

developed by ICRISAT and its NARS collaborators in western Africa are beginning to 

reach farmers' fields. 

Over the last two years, ICRISA'T has provided nearly 400 kg of seed of these 

improved varieties for on-station and on-farm trials conducted by tile participating 

countrieN of the RIseau ouest et centre africain (Ie recherche stir ICIril (ROCAFRI.M I). 

Experience has shown that dissemination of improved varieties can be qua ntilied 

wherever seed production and distrihution projects are operating. During 1993, 

ICRISAT and its NARS partners contributed 12 of the 19 varieties to regional trials 

coordinated by ROCAFREMI for the Sahelian and Sudanian Zones. 

Pearl millet variety ICMV-IS 88102 has shown stable and superior performance in 

on-farm and on-station trials in Burkina Faso and Mali, and was released in Burkina 

Faso in 1993. Early in the same year, the Institut (Ietudes et de recherdhes agricoles 
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(INERA) of Burkina Faso multiplied 2.5 t of three released varieties and one pre

release variety to meet increased seed demand.
 

In 1992, the Malian Institut d',conomie rurale (IER) multiplied 2 t of seed of 

ICMV-IS 88102 for on-farm trials at 30 locations in 1993. This variety was named 

Benkadi Nio ('friendship millet') by IER to signify the beneficial collaboration 

between IER and ICRISAT over the last several years. 

In Mauritania, four varieties are being multiplied for distribution to farmers, and 

ICRISAT will multiply a further 100 kg of breeders seed of these varieties to meet 

future needs. In Senegal, Cameron, and Ghana other varieties from the successful 

collaboration among ICRISAT and its West African NARS partners are in various stages 

of on-station and on-farm testing, seed multiplication, and release. 

Major Donor Confirms Support 

Crop improvement is a lengthy process which can take 15 to 20 years to achieve 

significant results in farmers' fields. Nonethele,_,;, the joint efforts of national and 

ICRISAT scientists working on sorghum and pearl millet in southern Africa have 

already borne fruit in several countries. And the major donor, the United States 

Agency for International Development (USAID), has displayed its confidence in the 

impacts of the decade-long program by renewing financial support for an additional 

five years. 

Sorghum and pearl millet are strategically important crops in the semi-arid areas of 

southern Africa. These drought-prone areas are home to more than 20 million people 

who are among the poorest in the region, and whose food supply is the most insecure. 

Most small-scale farmers 

grow sorghum or pearl 

millet because their 

relative drought 

tolerance provides food 

security in a tough envi- 0 

ronment. These crops - I 

cover about 2 million ha, 

roughly one-quarter of 

the region's total cereal

growing area, and 

provide about 20% of its 

total grain production. Pledgingsupport for continued research. 
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The harsh environment and tile 

historical lack of investment in 
4? , .technology both contribute to tile 

Clow productivity of these crops in 

- Or te region. 

Ten years ago, the govern

ments of' tile southern African 

region asked ICRISAT to 

implement a regional program 
funded IyvUSAID. Today, tile 10 

countries of the Southern African 

Development Community 

(SADC) collaborate closely with 
thet SADC/ICRlISAT Sorghum and 

Trial plots at Matopos, Zimbabue-the home of t/u' SADCftCRS,. S
 

Sorghum and Millet Improtvement Program. Millet Improvement Progran
 

(SMIJ). Together they work
 
to strengthen research programs and scientific talent in the region.
 

The generous contributions of' USAID were augmente,d Ky tile
 

Canadian International Development Agency (CIDA) in 1.986, and
 
'y the German f'ulnding agency Iundeslninisteriun fir
 
Wirtschaftliche Zusamm enarbeit und Entwicklung/Deutsche
 

Oesellschaft fir Technische Zusammllenarbeit (11MZ/GTZ) in 1988.
 
In aspecial initiative supported by both USAID and CIDA during
 

the 1992 dry season, SMIP managed seed production of impr,-,ed
 

sorghum and pearl millet varieties under irrigation to help farmers
 
in the area recover from the devastating drought of' 1991/92.
 

Thus far, 15 improved sorghun varieties and 5 pearl millet
 
varieties that were bred with ICRISAT or SMII' involvement have
 

been released by SADC national programs. In Zimbabwe 37% of
 

the total sorghun area was sown with variety SV 2 during tile
 
1992/93 growing season, with a total production of 50,000 t.
 
During the same season, tile variety Okashana I accounted for
 

about 35% of the total pearl millet area in Namibia, yielding over
 

40,000 t. 
Playinga key role in collaborative An impact study estimated an annual US$ 4.5 added value 
work, Nanibia'spearlmillet 
breeder working on his crop to Zimbabwean and Namibian farmers from the adoption of just 
during a visit to IC. two of the 20 improved varieties which have been released by 

52 



Highlights from ICRISAT
 

collaborating SADC national programs. At that rate, the pay-back period of the entire 
investment in SMIl' will be less than nine years, from only a fraction of the technology 

options which it has generated. 

In its Phase III activities, SN111t will concentrate on working with national programs 
to promote technology transfer to small-scale farmers. This involves strengthening the 
links among research, extension, farmers, NGOs, seed companies, and markets. 

Improving tile productivity of national sorghum and pearl millet staff remains an 
important goal of the project. By 1994/95, nearly 100 scientists will have received 
postgraduate degrees which have enhanced their skills in the necessary disciplines. 
Most attended universities in the USA or Canada, but scientists from Angola and 
Mozambique studied at Brazilian universities in order to avoid language barriers. 

Many of these scientists-no matter where they studied-received hands-on 
experience by conducting their thesis research in collaboration with SMIP researchers. 
In addition, over 240 scientists and technicians irom the southern African region have 

received training at lAC. 

Collaboration is important in SMJP's 
approach to strengthen research through :i 

annual workplans developed with national . 

scientists. This approach involves an equal . 

partnership in research, data analysis, 
interpretation, and reporting. StIp will 7 o 
also continue its collaborative efforts to 

breed improved cultivars, collect and 
exchange germplasm, develop technology 

to manage insect pests and diseases, and 

evaluate grain quality. 
Along with seeking to improve 

production, SMwI will work to enhance Familiesneed food security, collaborative programs can heip 
the capabilities of national programs to them to achieve it. 
conduct sorghum and pearl millet research. The development and adaptation of 
improved technology, new cultivars, and better production methods for these crops is 
a crucial component of food security in drought-prone areas of southern Africa. 

Stalking the Elusive Pearl Millet Genes 

ICRISAT pearl millet breeders now have a new tool in their research kit: a map of the 

pearl millet genome. 
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(;rm wing pearlmillet at the dwe.ert margins. 

Developed using advanced biotechnological techniques, this 'linkage' map will 

allow scientists to reduce the time necessary to breed new cultivars. With the 

molecular markers that this tool provides, plant breeders can determine which plants 

in a new generation contain specific genes of interest-without growing the plants to 

maturity and evaluating their performance. Breeders will now be able to accomplish 

in one generation what formerly required several years of expensive, time-consuming 

multilocational evaluation. 

Pearl millet is the staple cereal for millions of the world's poorest people. They 

live in the hottest, driest areas of the world, where no alternative crop can provide 

the food and fodder they need to survive in these inhospitable regions-the arid 

margins of the SAT. 

Downy mildew is the single most important biological constraint to pearl millet 

production. This disease is caused by a highly variable fungus, Sclern pora 

graminicola, which is capable of' multiplying to epidemic proportions when presented 

with large areas sown to uniformly susceptible pearl millet in an environment 

congenial to disease developmen. 

For 21 years ICRISAT scientists have collaborated with their NARS partners to 

breed new genotypes of pearl millet resistant to stresses that reduce yields, or in 

severe cases, wipe out entire crops. This is a challenging goal. It is important to 

recognize that scientists are attempting to improve upon landrace varieties that have 

been selected by farmers over hundreds of years. Not surprisingly, conventional plant 
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breeding is time-consuming and expensive. The stable performance of a new variety 
in an environment where the stress occurs must be confirmed by large numbers of 

trials grown at many locations over many years before its release can be justified. 
A conventional breeding program typically takes 10 to 15 plant generations to 

move from the initial cross to finally identifying and perfecting a product suitable for 
farmers' fields. During this long process, over 99.9% of what is developed is 
discarded. And only about o. , of three products that make it through to release by 
national programs is ever widely adopted by farmers, even after extensive evaluation 

and on-farm testing. 

Collaborators in the UK. ICRISAT isworking with two collaborators in the UK 
funded by the Overseas Development Administration (ODA): the Cambridge 
Laboratory, Norwich, and the Centre for Arid Zone Studies, University of Wales, 

at Bangor. ICRISAT scien:ists 
(funded by the United Nations 

Development Program r -UNDI') 

have helped these collaborators 

develop the gene map of pearl -

millet, and use the map to locate 

downy mildew resistance genes. 

The resistance to this major 

fungal disease has long been 

known to be inherited, but 

scientists did not have a good 

understanding of the genetics of 

resistance, the variability of the 

downy mildew fungus, or how 
resistance works. With the aid of Scherospora grainiuicola causes downy mildeu, disease ofpearlmillet. 

the new map, plant breeders now 

know where in the pearl millet genome the resistance genes effective against specific 
isolates of downy mildew are located, and can use this information to incorporate this 

resistance systematically and deliberately into improved varieties. 
Scientists at Bangor have screened two sets of pearl millet mapping progenies 

against downy mildew isolates from four countries-India, Niger, Nigeria, and 

Senegal. In the two resistance sources evaluated thus far, the,'e are genes contributing 
to downy mildew resistance on five of the seven pearl millet chromosome pairs. Each 

of these genes is effective against only one or two of the downy mildew isolates. For a 
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plant to have resistance effective against all four isolates, it must have a pyramid of 

three or more resistance genes. 

ICRISAT breeders have started P.backcross program to transfer appropriate parts of 

the mapped downy mildew resistance into three female parents of pearl millet 

hybrids commonly used in Indian breeding programs. In addition, they are using 

backcrossing to incorporate downy mildew resistance from these sources into the 

open-pollinated variety CIV, which is moderately susceptible to downy mildew, but 

has been one of the few improved pearl millet varieties that consistently outyields 

farmers' landraces in West Africa. 

Collaborators in India. ICRISAT scientists and their collaborators in the UK and in 

national programs are now mapping genes for resistance from other sources of stable 

downy mildew resistance. The objective is to identify molecular markers for 

resistance genes located at other positions in the pearl millet genome. The Indian 

Agricultural Research Institute, New Delhi, and the Tamil Nadu Agricultural 

University, Coimbatore, helped choose the parents of the next crosses to be mapped, 

and will assist in field evaluation of the mapping progenies. Researchers at the 

University of Hyderabad will collaborate with ICRISAT and UK scientists to map two 

of the pearl millet chromosomes, about which information is currently very scarce. 

Researchers have begun to evaluate the performance of the progenies from a second 

set of mappi. , populations targeting tolerance of seedlings to heat, another key 

adaptive trait for reliable pearl millet production. 

Advantages of Gene Mapping. Gene mapping is an important new tool in plant 

breeding which has the potential to reduce the time required to achieve a given 

genetic advance. It must be tied to an applied breeding program, however, if 

investments in the technology are to benefit farmers and consumers. Higher 

productivity from successful new plant cultivars lowers the unit cost of production; 

both farmers and consumers then benefit from the investment in research. 

The pearl millet gene map is short. It is ironic that because the genome is small, 

this orphan crop, grown and eaten by millions of the world's poorest people, is now 

of interest for basic genetic studies at laboratories all over the world. It is much less 

expensive to study than rice, maize, or wheat. Within three years, ICRISAT scientists 

and their collaborators will identify markers for blocks of resistance genes from 

additional sources of stable resistance to downy mildew, and use molecular marker 

assisted backcrossing to transfer relevant downy mildew resistance genes into 

agronomically elite, economically important female parents of hybrids that lack 

adequate resistance to this disease. 
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This partnership on molecular gene mappirg among UK, NARS, and ICRISAT 
collaborators offers several advantages over a conventional breeding program. 

" Breeders can screen in the laboratory for resistance against different strains of a 
pathogen without waiting for results from multilocational trials or moving 
potentially dangerous disease organisms around the globe. Expenses for laboratory 
screening are much lower than those for field screening. 

" Because there is no need to introduce the actual pathogen for screening, cultivars 
for Africa can be screened at lAC that formerly would have been screened either 
in Africa or in a 'neutral' safe country where no p. 'rlmillet is grown. For 
example, once tags for downy mildew resistance gen, effective in Nigeria (or any 
other country) have been identified, it becomes possible to select with confidence 

for this resistance anywhere in the world. 
" Breeding objectives that were formerly technically 

possible but wildly impractical now will be reasonable; 
for example, backcross transfer of fertility restoration 

genes. Tags for these genes would allow scientists to 
correct a flaw' in a hybrid that was excellent in all 
respects except its ability to produce enough pollen to 

ensure good seed set when grown in an isolated field. 
" Farmers will have an opportunity to choose from a 

wider range of cultivars in a shorter period of time. 

There will be a shorter lag time between the 
investment in research and the pay-off from improved 

varieties in farmers' fields. Thus the rate of return on 
Discussingfarmers' preferencesfor pearl

millet types in Rajastlhan. 

investment in pearl millet improvement will be even higher than before. 

Searching the Cytoplasm 

Growing hybrids is an important management strategy for many different crops. 
ICRISAT scientists no-V have a new tool to save time and money in their hybrid 
breeding program-DNA analysis to characterize the cytoplasm (the portion of a 
single cell that surrounds the nucleus). This technique saves time and money in 
breeding two crops grown and eaten by millions of people in the SAT-pearl millet 
and pigeonpea. 

And in another application of advanced technology in breeding pigeonpea, 
scientists have developed a technique to cross cultivated varieties with previously 
incompatible wild relatives that have desirable characteristics. 
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Hybrids. The progeny of a cross between two genetically 

dissimilar parents is a hybrid. One of the advantages of 

growing hybrids is that they can express vigor

higher yields, more uniformity, and greater vegetative 

growth than open-pollinated varieties-which means more 

food and more income for the farmer. 

In the absence of an effective way to protect plant 

varieties, the private sector prefers to invest in crop 

improvement research in species where hybrid seeds are 

used. The hybrid seed industry offers commercial 

opportunities because research investments can be 

protected by keeping the parentage of hybrids confidential. 

Developing commercially viable methods for producing 

hybrid seed encourages private investment in crop 

improvement, and hence a broader range of genotypes 

from which farmers can choose. 

. In order to produce commercial quantities of hybrid 

Sseed, one of the parents must be a male-sterile-a plant 

that does not shed viable pollen while remaining femaleMale-sterilepearl millet (left) hasflorets 

with stigmas and nonfunctional anthers, fertile. Farmers who grow seed for field crops prefer to use 

unlike the florets (right) that are ready to cytoplasmic male-sterility systems rather than genetic 
release theirpollen, male-sterility systems because the labor requirements for 

hybrid seed production are lower. Cytoplasmic male-steriles can be maintained so 

that all plants in the next male-sterile generation-used to produce hybrids-are 

sterile. Using genetic male-sterility, however, only half of the generation grown to 

maintain the male-sterility is sterile, and thus the flowers of all the plants in a field 

must be examined and the male-fertile plants removed-a highly labor-intensive and 

expensive process. 

Male-sterile lines can be used as female parents of hybrids by growing them near 

another parent which is male-fertile and thus a source of pollen. All seed produced 

on the female parent results from fertilization by this pollen if the two parents are 

sown in isolation from other pollen sources. This economical technique produces 

100% pure hybrid seed. 

Of course, widespread use of this neat and economical system is possible only if 

the male sterility is stable across seasons and locations. Also, the cytoplasm must not 

adversely affect grain yield, disease and insect resistance, or any other traits of 

economic importance. 
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Plant breeders want to identify new sources of cytoplasmic male-sterility in order
 

to widen the genetic base of hybrids. Genetic diversification reduces the risk of
 

epidemics associated with genetic uniformity.
 

Pearl Millet. Currently all pearl millet hybrids worldwide are based on a single
 
cytoplasm, a risky situation should a fungus or other pest evolve that is especially well
 
adapted to that cytoplasm. This has happened in the past-in the early 1970s, about
 

25% of the hybrid maize crop in the USA was destroyed by southern corn leaf blight
 

because the hybrids were all based on a single cytoplasm.
 

It is strategically important, therefore, to broaden the cytoplasmic base of
 
cultivated pearl millet. At 1AC, scientists are now using DNA analysis to characterize
 
pearl millet cytoplasms, a technique that cuts years off the field characterization
 
process that involves careful hybridization and evaluation of progenies. Thirteen
 

cytoplasmic lines were DNA-analyzed, and they formed four major groups, each of
 
which represented a particular DNA hybridization pattern. A fifth group was 
identified later. Two of these groups are from wild species of pearl millet. The 

laboratory DNA analysis confirmed the grouping that plant breeders had been using, 
and scientists are now integrating laboratory data with breeders' field data. 

Breeders can now use DNA analysis to confirm or deny the existence of a new 

male-sterilizing cytoplasm without field trials. This saves an enormous amount of 
time and effort. If the analysis shows a plant to have a new and unknown cytoplasm, 

then the breeder grows field trials to help characterize it. In the mid-1980s, breeders 
at 1AC invested years of field studies in a male-sterile line that they suspected had a 

different cytoplasm, but the results were 
inconclusive. DNA analysis has now shown:,.;. .. , 

that this cytoplasm is different, which agrees 

with current field studies. 

The identification of a new source of 

cytoplasmic male-sterility is important ICY 

because it give the breeders an additional 

backup if a pathogen or other pest evolves to P 

which the cytoplasm is susceptible. Pearl 

millet breeders internationally now have 

three quite different backups for 

cytoplasmic male-sterility, representing an 
important payoff from a strategic research Pearlmillet hybridseed production, basedon cytoplasmic 

investment in pearl mil l - improvement. ?nale-sterility,gener.ties incomefor small-scalefarmers. 
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Pigeonpea. In the late 1970s, two genetic male-sterile lines were discovered in 

pigeonpea which made it possible to breed and release the world's first pigeonpea 

hybrid in India. Commercialization of this hybrid is problematic, however, because 

seed production with genetic male-sterility is labor-intensive and off-type fertile 

plants in female parent rows in the seed production fields call into question the 

purity of the hybrid seed. 

There have been modest yielci gains in pigeonpea productivity through breeding 

for resistance to pests or changes in agronomic practices, but more substantial and 

rapid genetic yield improvement in pigeonpea could be gained through hybrids. 

Despite the problems with hybrid seed production, the technology is a breakthrough. 

In the search for cytoplasmic male-sterility in pigeonpea, breeders attempted 

conventional backcrossing using a wild species of pigeonpc i as the female parent and 

cultivated varieties as the male, but were unsuccessful because the progeny reverted 

to fertility. However, by using four different cultivated parents, scientists found that 

the cytoplasm does induce male sterility that can be maintained by cultivated 

pigeonpea. 

This discovery at JAC in late 1993 of cytoplasmic male-sterility in pigeonpea has 

the potential to revolutionize the hybrid seed industry for this crop. Breeders will be 

able to select for desirable traits in breeding lines more quickly and confidently. Using 

the stable cytoplasm, they will now look for high yields and other favorable characters 

in cultivated lines. Further, private investment in pigeonpea improvement can be 

expected to increase substantially once practical and economic hybrid seed 

production is demonstrated using the cytoplasmic male-sterility system. 

Using Wild Relatives. It isessential to have a range of cytoplasmic male-sterility 

systems to maintain diversity in a crop. Wild relatives of pigeonpea are one source of 

different cytoplasm-numerous wild relatives are possible sources of different 

cytoplasm and also have other interesting traits, but until now it has not been possible 

to cross some of the wild species with cultivated varieties. 

During 1993, ICRISAT scientists working at IAC successfully adapted the 'embryo 

rescue' technique so that they could cross incompatible wild pigeonpea species with 

cultivated varieties. 

One of the previously incompatible species, Cajanusplatycarpus,that is highly 

resistant to phytophtora blight can now be crossed with the cultivated species, 

using the embryo rescue technique, thus making it possible to transfer this highly 

desirable characteristic. This wild species also flowers profusely, resists the pod borer, 
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sets manyv pods, and has a high biomlass-all desirable traits for
 
a food crop plant. At IAC, the embryo of a cross between
 
C. platycarpus and a cultivated variety was successfully rescued
 
and grown. But the second generation did not set mature seed, so
 
there is a need to 'rescue' that generation also.
 

ICRISAT biotechnologists will continue using the embryo
 
rescue technique to produce succeeding generations until they
 
can successfully produce a plant that does set mature seed.
 

The goal is to produce interspecific hybrids that can be crossed
 
with the cultivated types without using the embryo rescue
 
technique, thus making available a range of cytoplasms and other
 
desirable traits from wild species for use in breeding cultivated
 
varieties. [ .; ,,, .., : 

Pigeonpea inAfrica * 
Pigeonpea is an important crop in the SAT because it tolerates '-.i 
drought, producing a relatively high grain yield on limited residual 
moisture. Although India dominates the world production of Interspeci/ir hybrid plant 

grown from a rescued emnbryo.
pigeonpea, farmers in Africa annually grow about 167,000 t on over
 
273,000 ha -just tinder 6%of world production.
 

Pigeonpea has a protein content of up to 281, which makes it an excellent
 
complement to protein-deficient diets that are compostd mainly of cereal or root
 
crop carbohydrates. Wide variation inplant types and maturity groups permits
 
pigeonpea to fit into numerous production systems, along with the additional benefits
 
of fixing atmospheric nitrogen and recycling soil nutrients. Pigeonpea leaves are 
important as livestock fodder, and the stems are commonly used as fuel. Production 
is gi owing slowly (about 1.5% annually) in eastern and southern Africa. With support 
from the African Development Bank (AfDB), ICRISAT is working with NARS partners 
to adapt the crop to African production systems and develop new markets. 

Adaptation to Multiple Environments. Pigeonpea isextremely sensitive to 
environmental factors, particularly daylength and temperature. Time-to-flowering, 
plant height, biomass, id grain yield are all affected by these sensitivities, which are 
a major constraint to the development of management practices, production systems, 
and new varieties. 
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Because plant height is unstable, for 

example, it is difficult to make general 

recommendations for sowing rate, spraying, 

and harvesting. A delay in flowering, and a 

consequent delay in maturity, may interfere 
with a well-developed cropping sequence if 

the time between harvesting pigeonpea and 

sowing a succeeding crop is shortened. Delay 

in flowering may also reduce yield in areas 

where the crop depends on residual 

moisture but the rainfall duration is short. 

Accelerated flowering can be just as 

problematic-if the reproductive growth 

phase occurs between rains in a bimodal 
An ICRISAT technicianexamininga Kenyan farmer's rainfall area, the crop may suffer from 
pigeonpeacrop. drought stress. 

In eastern and southern Africa, pigeonpea is grown at altitudes varying from sea 

level to about 1800 m asl. The medium- and long-duration lines developed at IAC that 

show high potential in India perform very poorly in Africa. Similarly, extra-short- and 

short-duration pigeonpeas, while relatively insensitive to daylength, are still sensitive 

to temperature. 

Attempts to introduce pigeonpea that is in local high demand as a dry pulse crop 
into wheat rotations in the 

Kenyan highlands have not been 

successful because pigeonpea is 

sensitive to low temperatures. 

ICRISAT scientists, together 

with collaborators from KARl, 
grew 121 short- and extra-short

duration and 48 medium- and 

long-duration pigeonpea lines of 

diverse origin at four locations in 

Kenya with altitudes varying 

from 50 m to 1800 m asl, with 

the consequent temperature and 

daylength regimes. The aim 

Daylength, temperatures,and altitude all affect pigeonpeagenotypes. of the study was to gather 
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information so that ICRISAT and KARl scientists can understand the 
influence of temperature and daylength on different pigeonpea 
genotypes, and then develop breeding strategies and 

recommendations for specific production systems. 
Although data analysis is continuing, preliminary results indicate 

that medium- and long-duration genotypes must be developed for " 

specific environments. 

" Genotypes developed where average temperatures are low will 
have delayed flowering, or fail to flower at all in areas where 

temperatures are higher 
" Long-duration genotypes developed in areas with high average 

temperatures will flower early in areas with lower temperatures 
" Long daylength appears to delay flowering more in areas with An excellent type ofpigeonpea that 

high temperatures, and tile best location at which to screen for can be eaten asfresh green peas. 

insensitivity to daylength is probably an area with high temperatures 

Short- and extra-short-duration lines also have specific requirements. The trials 
indicated that these types can be grown in medium- to high-altitude areas, but the 
delay in time to flowering and maturity in areas with bimodal rainfall may interfere 
with the cropping sequence. Flowering and maturity were earliest where tile average 
temperature was high, and plant height was reduced at higher elevations. Scientists 
are analyzing tile data to select lines adapted to high altitude and low temperature. 

Green Vegetable Pigeonpea. In eastern and 

southern Africa, pigeonpea is consumed as food 

cooked from the dry grain or eaten as a fresh 
green vegetable. When grown as a fresh vegetable, 

pigeonpea is harvested when pods are full hut still 

green. The green seed, which is boiled before it is 
eaten, is more nutritious than the dry seed 

because it not only contains more proteins, sugar, 

and fat, it is also more digestible. 

A small quantity of green pods is exported 
from Kenya to tile UK for consumption as a fresh W:., • ... 
vegetable, but production isfar below itsexport This Kenyan farmer built a newgrain store withis elovegeahl, ht arpodutio it exortpro/its frtom her fresh green pigeon~peas. 

potential. ICRISAT and its collaborators are 

identifying green vegetable pigeonpea varieties that could boost production. 
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This crop is a valuable addition to production systems in eastern and southern 

Africa. The consumption of pigeonpea as either a fresh green vegetable or dry grain 

offers marketing flexibility to farmers, as well as an opportunity to expand and 

diversify their production systems. If exporters fail to receive orders from abroad, 

growers of green vegetable pigeonpea have the option to let their crop mature and 

harvest it as grain. 

Chickpea Advances 

ICRISAT shares the world mandate to improve chickpea with its sister institute, the 

International Center for Agricultural Research in the Dry Areas (ICARDA). This 

legume is a vital crop in large areas of the SAT-the seed provides valuable protein in 

many diets, crop residues are used as animal fodder, and nitrogen fixed in root 

nodules contributes to crop growth and increased soil fertility. Chickpea is the 

second most important pulse crop of rainfed agriculture in at least 33 countries. 

It covers 15% (9.6 million ha) of the world area of pulses, and 13% (5.6 million t) 

of world pulse production. 

Two Traits for the Price of One. Chickpea is often grown in areas where 

temperatures may drop to 0 °C. Without tolerance to low temperatures, plants may 

be damaged, or production adversely affected, depending on the growth stage of the 

plant when the temperature drops. Over a decade ago, ICRISAT breeders detected 

tolerance to low temperatures in a breeding population, and evaluated this trait in 

subsequent generations. One of the parents of the original material in this trial was 

collected in Russia and sent to 1AC by an Australian collaborator as a possible source 

for cold tolerance. 

But while the breeders were selecting for cold tolerance in trials at -lisar in 

northern India, they realized that although this genotype grew to maturity in cold 

regions faster than did conventional cultivars, the yields of the cold-tolerant and 

conventional cultivars were virtually identical. Thus in addition to tolerating low 

temperatures, this genotype had a second desirable trait: earliness. By producing a 

fully mature crop early in the season, chickpea avoids some plant diseases, including 

ascochyta blight which can build up with the rains, and pod borer populations that 

increase rapidly after the cold season. 

When cold-tolerant genotvpes were sown at 1AC, they matured earlier or at the 

same time as the traditional material, yet the yields were comparable to those of 

common varieties. Scientists are now breeding to widen the adaptation and stability 

of early-flowering, cold-tolerant chickpea. These genotypes have not yet been entered 
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in Indian national trials, hut 

chickpea breeders as far apart 

as Pakistan and New Zealand, 

as well as those in the Indian 

national program, have all 

shown interest in the breeding 

program for cold tolerance. 

In the West Asia North Africa 

(\VANA) region, chickpea is 

sown during spring mainly to 

avoid danmage from cold and 

ascochyta blight. Now, after 

years of research, winter
 

sowing of chickpea with cold
tolerant and blight-resistant Field-screening chickpea for cold tolerance in Syria.
 

cultiars has been introduced in the WANA region with numerous advantages,
 

including increased yield and water-use ef ficiency, mechanized harvesting, and high
 

nitrogen fixation and protein harvest per unit area.
 

The ICRISAT/ICARDA chickpea project in Syria has developed a field-screening 

technique to evaluate germplasin and breeding lines for tolerance to cold. Using this 

technique test material is sown in autumn, two months before normal winter sowing, 

so that it is in the late vegetative stage before the onset of severe winter temperatures 

in the later part of December. Material is evaluated for cold tolerance after the 

susceptible control Ms been killed by cold. Using this technique, 10,000 germplasin 

accessions have been evaluated and many sources of resistance have been identified. 

Among thes,, II.c 82!)2 and ILC 8617 can tolerate temperatures as low as 

-I0 ° C for a period of 60 days. The cold-tolerant sources have been used in breeding 
programs to develop cultivars for winter sowing in \VANA. 

Overcoming Ascochyta Blight. Tihe development of ascochyta blight resistant, 
cold-tolerant chickpea cultivars by an ICRISAT/ICARDA project has made winter 

sowing possible, with a yield advantage of 50 to 100% over the traditional spring 

sowing. In 1992/93, framers in the \VANA region sowed 93,000 ha of winter chickpea 

for additional annual income of LJS$ 11.4 million. Scientists estimate that there is 

potential for expansion to 2 million ha, with additional annual income of US$ 245 

million. Winter sowing will also help sustain the cereal-based (wheat/barley) cropping 

system by bringing chickpea into the rotation. 
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In t he Medi terra ncan region 

chickl a is traditionally SOWn in 

tht spring to grov- on re,.sidulal soi! 

lIliOiiStIUlt in r'is with ;inllnalA 

rainfafll of' 35( to 5()0 ml. But 

by sowing in tihe winter, chickpea 

c iin b grown in areas with as 

littie as 250 nun111of Jnual 

p)r'cipitaition biecaus t i crop 

growv's during t~le' rilinv seailson 

\Viln ttilIp(rati l'rs and evapo

trinspiratiol are low Inlrdry 

areas of the WANA region, the 

nornil fallow pTriod k-31n lt usCL 

to grow chickpe , which provides 

aiSustinibl, protCin-rik h 
alltetrna;tis'e to tes tradcitionalILd traditied

i'At i ,/I' 'theitite W -i egi'rt, ca.\'n eos a e 
Chickpea crops like tiis One in 

ly ascocl'via llight. ( 'sing resistantculliarsbred blY the harlbev crop grown in othetr 
I('RIS . IARIA projet can pre'ent disastous losses. prodiiction s\st(eslls. 

Scientists \vrking at I(VARI)A evelopTed an ficientnd1i cOSt-Lf'fctivMI technitlque 

to Screen for resistan- to iascochyta bightli ising diseased debris from the prviOUS 

season to in 'L,(ct dit scr'ening plots. More than three dozen resistant lines were 

identilied alfter evaluating about 20,00(O germplasml accessions. A strong bireeding 

program and extensivC international aid on-firim te,,tinl hav lCd to ti releaiset of 50) 

blight-resistant cultivars by I8 NARS. Similar successes are Cxpectd' on) tle, Indiain 

subcont inent. 

Resistance to Fusarium Wilt. One of"the muOre serious fungal diseases of chickleil 

is caused hv /.sar/m ov.spormin. SeClborne patilogens can ie controlled b' 

fungicidal treatment of the stTd, but aisoilbOrnC ieptloge'n is more difficult to 

nianage. Th'le higulis caln survivet ill the' soil for ip to 6iyears even wihtn no hlo.st llint 

is pirt-strnt, So cultiral I1mtIhod+s of control SIuch as crop rotat ion art, of' little valie. 

)iseSe alnagemnt h s focu ed on identif\'ing ri taint clIt ivars. I(RI SAT Ihs 

identi fied over 161) resistant varieties, but tht' pat+ihoglnic itv of the' fungls va'ries frol 

one agricultural eivironn ient to ainot her. Tihe lpithog(n haS flen lassifie('d into races 

according to the resistIntce or suscelitiliility of indiviLuaIl gCnotyl's to the thlotllgln in' 


ditffent regions.
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Inordtr to exploit the known rCsistinct, to Fusniriul, it is ilntlortant to understan. 
tit ncW illn of rCsist In C tlt, O)A, NRIntCc. col lIoraItit, studV fundtcd li and 

ICIRISAT stcicntists have ithcntitfitd coin)ponndS that are Ircsnt at highcr i onccnt rations 

in tiltc sIIscCpti Contcs.root CXIIatCs of* rctsistant gc'niotvpi's than in 

In laboratory tCsts, thL coinpouds show strong anti-kinga I activity towards 
FUI*-i li ItcIlccntratiOnIS cIlivJILint to tIhost, found in tiLtrcsistant gcnotylpcs, butI 

not at owtr tonc-ntrations Ciluiv iLnt to tlost in snscctptiblc gcnot'Ics. Production 

of thcsc root COMpoUnds Ihas hItn shoWn to incrctlst onl cxposiirc of tit root to the 

patilogtcn, tlhis incrising tlc dc'Cnsiv caabilit of thIc root. Scitcntists Iavc' 

conilIidcd thit diffcrcnt IcVcls of thcsc root cOllp)oiils Iccoint for resistance or 
susccpltibilitV in tliffItcrcnt gcnotvptcs. 

This iniforniation is valuablC as s(icntists unravcl the gtograiphic variation of the 

icsistancc. For example, abiotic fiactors such as tCrtilizcr appliiations, soil typc, and 
m incral ail nutricnt Ivit! s may inithiicncc sccondlary metabolisn (and prodiuctioil of 
root complIounds), and thus cxpr~cssiol of rcsistancc,. 

Anotticr ossi bilitV isthat ti t l.hstitni hingus may vary amlOnng diffrcnt regions. 
Pat hllcnic fungi arc knosVn to dIcLtoxifv ttltcfcnsivc colpounds p~roiiiccLI by phlnts, so 
iiictibolic variation amiong the dilfi'rcnt raccs of' FUlsariUm lmay' lSO for thLICcoutlllt 


ci''rcn-ccs in rcsistancc anong gcnotyvs. 
N4o sil g iccliikpca cultivar is rcsistint to fusariuin wilt in all ag,-occological zones. 

ICRISAT and N RI Sccnt ists nos uinilcrstaLnd thC micchanIniA of rcsistatMCC, Which will 
hcilp tinC'Ilinsc\stigiltC Wild stpccics of' clickpca to idcntitf\' inort potcnt sourccs of 

rcsistancc ti th1C wilt futlnIgus. 

Wild Cicer Species Hold Prorm-ii. 1CRISAT, it, t M4 
coop)cration with I( ARIA in Syria, has a brccling 

p~rograil to incorloratc rcsistncc to strcsstcs into 

tiCt,CIltivatCt lhickpca, (hcer a rietini.Ovcr 

2(10 Icccssions of tight wild iCicer spc'cics havc 

hLtn tsa luiatci for rcsistancc to tso d scasCXs 
(ascochta bligiht ainti f'usariul wilt), two insccts . ... 

(Ia IIIllntr a(ntI stci bCt IV), cvst llcIIiatodIc, ol, 

antL tirought. RCsistanc,CvJs fiuintl for all scvCn 

strtesses. Vilil sptciCs Irc tht only knosswn soiurces t 
of resistance to stcI IcctLc and cyst nit'llitodc, " I i't ii c'u/iti 'alt d c/iicklpea (It,/l) is 7 ;Sse'd ilil ai 
and highcfr ILvcls of rcsistanct to fusariiim wilt, rild eci, (ri. It), teir progeniy,(center can be 

lilu'Illintcr, and col! w'crc found illwikl sptccics litrt' i'igorosthapt eith parent. 
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than in cultivar,'d ones. No germplasml aCcession of the cultivated species Ihs heen 

found to have genes for resistance to even two stresses; however, many accessions of 

wild species have genes for resistance to three or even five stresses. Among the wild 

species, Cicer bijuglin has the most genes for resistance to several stresses, and 

Ciceryanashitaetile least. 

Research efforts to transfer genes for resistance to cold and cyst nematode from 

wild to cultivated species have made good progress over tile last live years, and it is 

expected that in two years tile resistance genes will have been transferred. 

Interspecific crosses between wild and cultivated "icer species are substantially 

more vigorous than intraspecific crosses. Encouraged by this finding, selection was 

made for seed yield in subsequent generations. Yields over 30% higher than these 

from tile best available cultivar have been obtained from succeeding fourth and fifth 

generations. This work has been strengthened, because it offers a good opportunity to 

upgrade the genetic potential of se,'d yield in chickpea. 

Introducing Chickpea to Uganda. Southwestern Jganda is a lush, equatorial 

area with bimodal rainfall, where altitudes range from 1250 to 2500 ill Bananaasl. 
is tile major crop, covering nearly 40% of the 

cultivated area, while cereals and eguies 

- 11\occupy to 20'%, either as sole oranother If) 

intercrops. Animal protein has become 

scarce in Jganda, and beans and peas are 

-1 Iimportant alternative protein sources. Bean 

production, however, is threatened by 

aphids and four common diseases. 

As part of' its research on farming systens 

and crop diversification, tile South West 

Region Agiicultural Rehabilitation Project 

Thc jirst I( RISAI SI Ihi ,s'on/hin'(.'' funded by the World5RR I Lkpea triahs in1 (S\VIARP), lank, asked 

Uganda. ICRISAT to provide chickpea cultivars for 

trials at different altitudes. Sixteen cultivars were sown inMay 1993 at five locations 

following tile short rains, and a further six locations were sown after the long rains in 

November. 

Chickpea is particularly adapted to well-drained soil with good initial moisture in a 

relatively cool climate-the slopes of southwestern Uganda are probably ideal. Even 

though chickpea has not previously been grown in Uganda, some of tl' pathogens 

that cause its diseases are already present in the country. Luckily, much of tile 
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ICRISAT material has good resistance to the most damaging of these diseases. The first
 

trials yielded about 2.5 t/ha which was nearly I t more than that from comparable
 

nonirrigated plots in India following good rains. The trials at higher altitudes were
 

more successful than those on the lower slopes, where soils are far more acidic.
 

The ICRIS.iT breeder collaborating with SWRARP was pleasantly surprised when
 

Ugandan researchers d;stributed seed of selected varieties grown in the first trials to
 

several farmers. Other farmers in the area were curious about the crop and how it
 
could be cooked. They readily sampled Indian foods prepared from chickpea which
 

the ICRISAT breeder had brought with him, and were eager to obtain seed to sow in
 

their own fields. SWRARIP staff are playing a leading role in introducing chickpea
 
to Uganda by growing it on their own farms and in kitchen gardens. ICRISAT
 

will continue to collaborate with Ugandan researchers as the evidence builds to
 

show the potential of ( hickpea for use in various cropping systems in southwestern
 

Uganda.
 

The Bangladesh Barind. ICRISAT has been collaborating with chickpea 

researchers in Bingladesh since 1978 by providing breeding material to the national 
pulses program for evaluation and selection. Over tile years, several high-yielding 

varieties derived from ICRISAT material haive been released through collaboration 

with the Bangladesh Agricultural Research Institute and the Crop Diversification 

Progranme ((IDP), which is fulnded by CIDA. 

In a collaborative venture that aims to 

broaden a local production systen, ICRISIT, 

national researchers, and CDI' are i 

introducing chit kpea to tile arind region, 

tile nortlhwesttr part of Bangladesh where, 

).S million ha tvpically remain fallow 

following a rainy-season rice crop. Early 

indications are that chickpea could be a 

major crop in this area if it can be sown 

while enough moisture renmains in the soil ', 
after the rice harvest. In 1992/93, chickpea 

was sown ol over 1100 ha, and some 

farners' plots had yields over 2.5 t/ha. 

ICRISAT will continue to provide technical 

support and training for chickpea research and Chickpea can produce crops in Bangladesh on land that 

development in this driest region of Bangladesh. was previously left fallow. 
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Revitalizing Groundnut Production inAfrica 

Groundnhiuts ar important for many reasons: tihy ar, an excellent source of both 
prottin and cook ing oil; the oils ccd kcake and hlnls are used as animal feed; and as 

a traded commodity they earn 

foreign exchange. African 
iarnirs--many of theun 

womten-grow groundnult on 

/~~ about5 million ha, annually 

.... . ." producing about 3 million t with 

"t0" V;1 3anestimated value of 1;S$ I 

Af'rican groundnut production 

.- needs to be both stabilized and 

increased to improve the 

nutritional status of rural 

comnutinities, to increase cash 

incomet, andl to illmprove 
'r. West Africa..househol.""groundnut ."" " - aod security. As part 

Trading groundnuts in West Africa. of their continuing efltrts to 

ptioritizc research, ICRISAT scientists have recentlV conducted surveys in)Swaziland 
and Malawi to identif' the0 production constraints most worthy of attention there. 

In Malawi, grounidntit production las declined over the past fewVyears. Baseline 

data were collected to establisl the constraints which afftct groundnut f'arniers, and 

researchers quantified the econonlic Iosses due to early leaf spot disease, the Most 

serious and dcstructivc disease of groundnut in the SADC region. In collaboration 

with olr sistter institute tiheInternational Food Policy Research Institute (11:11RI) and 

Bunda (CollgCof Agriculture, Malawi, economnists . tilated that eliminating yield 
losses in this major crop hileto early leaf spot disease c .1d. potentially increase 

export earnings by 46%. 

Rosete. In many areas, yields of groundr,ut crops are severely reduced by insects 

and diseases. Rosette disease is the most destructive virus disease of groundnut in 

Africa, and is apparently restricted to regions south of the Sahara and off-shore 

islands. Although this disease occurs sporadically, it is estimated to cause ci op losses 
valued at approximately US$ 50 million annu'.lly. When the disease occurs in 

epidemic proportions, an entire crop may fbe wiped out. In Nigeria, groundnut was an 

important commercial crop until drought and rosette epidemics devastated 
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production in the early 1970s. Less severe epidemics in tile 1980s caused a shift from
 
groundnut to cereal production, but tirmers now have renewed interest in reviving
 
groundnut within their f'arming systens.
 

There has been good progress in western Africa and ill the SADC region in breeding
 
iediumn-duration (130-140 days) virginia-type groundnuts with rosette resistance.
 

NARS have bred and releCasLd resistant varieties in both regions. 
lowever, only abouit I(J'% of the groundnut-growing areas of southern Africa have a
 

rainy season long enough to support meclitum-duration cultivars. It is important,
 

therefore, to develop rosette-rCsistant cultivars suitable for drier environnlents. Some
 
gernplasm resistant to rosette disease has been identified, but progress in breeding
 

rosette-resistant short-duration groundnut varieties has been slow for two main
 
reasons-the range of earlv-m uring resistance soirces is 
 inuited, and it is difficult to
 
transfer resistance Ifror nediun-duration sources to adapted sbort-duration cultivars.
 

At the SADC/ICRISAT Groundnut Project in Malawi, scientists have developed 
an
 
effective field screening method to e1valate germplasn for rosette resistance. During
 
tile 192/93 cropping season, they sCre'ned 1374 groundnit geniotypes and identified
 
11 early- maturing, rosette-resistant spanish types-9 from Burkina Faso, 2 from
 
Nigeria, and I from Senegal-that originated from w\esttrn African NAIS breeding
 

programs nan years earlier. Another resistant genotype from Argentina 
was
 
identified in 1993, and an inter-;,pecific derivative produced at IAC that was identified
 
two years earlier is still maintaining its resistance to rosette.
 

[SC scientists collaborate with tile
 

Institute of Agricultural Research (IAR)
 

in Nigeria, the SAIX(/ICRISAT Project,
 

and local NARS. IAR screens for rosette
 

resistance, while NAIRS scientists
 

evaluate segregating populations and .. 
 . 

progenies, [ts has developed its own . . 

improved lines which will be entered "A. 

ill a regional rosette resistance nlrsery. 

This is a positive change in the flow of' 
gernplasm--spillover fron a NARS 

center of strength to other NARS in the 
region, v, th ICRISAT at ISC acting as a 

condoiit. In 19.3, both tile segregating . 

and advanced breeding lines together 
with inter-specific hybrid derivatives Rosete vi'irus disease reduces yields by stuntingand killing plants. 
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from ICRISAT were screened at IAR, and rosette-reqistant lines idcntiled. Adding new 

sources of rosette resistance is an important contribution to widening the genetic base 

of rosette resistance in groundnut. In southern Africa, the first rosette-resistant, 

short-duration breeding lines were evaluated for yield in 1993/94, and will enter 

farmer trials during 1994/95. 

Further expand the genetic base to scientists in the Cellular and Molecular Biology 

Divison at 1AC are crossing cultivated groundnut with wild species identiied as resistant 

to groundnut rosette virus and groundnut rosette assistor virus by collaborators at the 

Scottish Crop Research Institute (SCR I) and exploring the possibility of inducing 

resistance by introducing the viral coat protein gene into groundnut. 

Improved Varieties. The importance of groundnut to the economy of' western 

African countries and its value as a food crop justify tile need for more productive 

varieties. Progress ha.: been made in varietal development-several new groundnut 

varieties are being tested in farmers' fields, and a few have been released. 

In the Gambia, 

.<,,-. ., f. :*- ICGS (I) 52 was found 

_. ,: "' "" ' O promising in national trials 

*.'. , and was adlvanced to on-farm 

*;';* 'i testing. tlrOidui tion is higher 

-r than traditional varieties 

% wt because early maturation 

r allows it to escape drought. 

;, . The adoption rate of this new
variety is expected to be high 

because groundnut is very 

important to tile Ganbian 

economy. In a regional trial 

conducted in seven countries, 

variety ICGV 86015 yielded 

20 to 40% more than the 

local varieties and averaged 

1.65 t of' pods/ha across 

locations. This variety has 

shown stable performance 

since its introduction to the 

Improved cultivars can boost groundnut production in Africa. region in 1989. 
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Spreading the Word 

Exchanging information is crucial to ICRISAT's success-our research is of little value 
if the results are not communicated to our collaborators and clients around the world. 
Similarly, our research cannot be conducted in isolation. If it is to be targeted 
effectively, we need to receive information from our collaborators, farmers, 
consumers, and stakeholders. 

Human Resource Development. During the last two decades, over 2400 
individuals from 89 countries have participated in ICRISAT training programs at IAC 
alone. As capabilities of our N.ARS partr :rs increase, the emphasis of our training has 
changed. Man' NARS now provide excellent general scientific training, with ICRISAT's 
contribution limited to some course materials and occasional training of trainers. 

ICRISAT has therefore moved to offering specialized courses based on demand, and 
continues to provide fLicilities and guidance, in "onjunction with recognized 
universities, for agricultural researchers from many countries working toward 
postgraduate degrees. Several of such courses were held in 1993. 

In-service traineeslearning to cross sorghum. 
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Specialized Training Courses 1993 

Course 

PigeonpeaProduction andProcessing 

Detection of Seedborne Groundnut Viruses 

Chickpea Pathology 

Agroclimatology 

Legumes Production 

ICAwI1CRISATv Trining Workshop on Plant 
Genetic Resources 

Statisticsand Data Management 

Exploitation of Crop Growth Models 

Experimental Methods and Data Collectionfor 
Agroforestrv Technicians 

TrainingWorkshops On-farm Research 

StrengtheningNARS Capabilitiesfor On-farm 
Research 

Effective Written Communication 

PesticideSpraying Methods 

Groundnut Disease Diagnosisand Management 

Traveling Workshop on SAT CRIS 

Bioassay Techniques forMonitoring Insecticide 
Resistance 

Installationand Operationof PortableRainout 
Shelters and Drip IrrigationSystems 

InternationalSchool on SubtropicalClimates 
and theirEvolution 

Improvement of AgriculturalSystems 

Elements of Soil Physics 

IITA/SPALNA/INIAN/ICRISAT Equipment 
MaintenanceTrainingCourse 

Location 

Sri Lanka 

[AC 

1AC 

IAC 
Myanmar 

India 

Mali 

ISC 
ISC 

Zimbabwe 
Malawi 

Namibia 

Zimbabwe 

Malawi 

Malawi 

Myanmar 
Sri Lanka 

Thailand 

IAC 

lAC 

ISC 

Niger 

ISC 

ISC 

Attendees frorm 

Sri Lanka 

Bangiadesh, India, Nepal, 
Sri Lanka 

Egypt, India, Myanmar, Sudan 

Sudan, Syria, Yemen 

Myanmar 

Bangladesh, China, India, 
Indonesia, Malaysia, Myanmar, 
Nepal, Philippines. Sri Lanka, 
Thailand, Vietnam 

Burkina Faso, Mali 

Burkina Faso, Mali, Niger 

Burkina Faso, Mali, Niger, 
Senegal 

Zimbabwe 
Malawi 

Namibia 

SADC NARS 

Malawi 

Malawi 

Myanmar 
Sri Lanka
 
Thailand 

India 

India 

Algeria, Benin, Burkina Faso, 
Chad, Congo, C6te divoire, 
France, Guinea, Kenya, Mali, 
Mauritania, Niger, Rwanda, 
Senegal
 

Burkina Faso, Cameroon, 
Chad, Guinea, Niger, Senegal 

Burkina Faso, Chad, 
Cameroon, Mali 

Niger, Nigeria, SPALNA 
members 
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Networks. Networks are one of the nechanisms " 
by which we exchange information and 
technologies with our research collaborators in 
specific regions. During 1993, the Asian Sorghum 

Research and Development Network merged with 
the Cereals and Legumes Asia Network (CLAN). 
T'his merger will streamline the interaction amnong 
NARS and ICRISAT scientists, which includes 

meetings, exchange of germiplasm, collaborative 
research, and copublication of useful material in 
local languages. 

Information Management and Exchange. Discussing groundnutexperiments 

ICRISAT's publishing, information management, and related services are landled 
predominantly, but not exclusively, witiin the Corporate Office. These services 
represent important links to our collaborators, other stakeholders, and the world 
scientific community. Since its inception, ICRISAT has considered it essential to 
collaborate not only in research and technology transfer, but also to ensure that NARS 
scientists have access to the latest scientific, technical, and socioeconomic 
infornation to support tleir work. 

Semi-Arid Tropical Crops Information Service (sATcRIS). ICRISAT maintains an 
authoritative database on worldwide literature pertaining to our mandate crops and 
their production systems. Each month, through a selective dissernination of 
information (SDI) service, information on new literature is provided to over 400 
subscribers in 52 countries. Profiles of these subscribers' research interests reside in 
our user database so tliat the Information sent each month is customized to their 
needs. Since miany subscribers do not have direct access to adequate libraries, the SDI 
outputs are often the only source of current awareness for many of them. We also 
provide copies of' listed papers or articles on request, enabling users to remain abreast 
of developments in their disciplines. 

During 1993, 19 new subscribers from nine African countries and 27 from four 
countries in Asia were added. TFo increase awpueness of the value of these services, 
workshops ftr researchers, academics, librarians, and other potential users were held 
in Myanmar, Sri Lanka, and 'hailand. At these workshops we described the database, 
how it is assembled, and the SDI, literature search, and document delivery services 
ICRISAT provides. ICRISAT's activities and plans in the field of electronic publishing 
were also covered. Subsets of the SATCRIS database covering the areas of interest to 
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the research stations in the three countries were provides to key libraries as part of 

the workshops. These subsets will be used on licrocomputers in the NARS, and will 

be provided with periodic updates. 

funded 1 the 

International Development Research Centre (IDRC), Canada, we are developing a 

prototype ciagnostic system on groundnut crop protection. This is being based ol 

'Expert System' software designed to mimic the knowledge and inference capabilities 

of human experts in narrow problhm areas. If well developed, such computer-based 

diagnostic systems can encapsulate the knowledge and deductive capabilities of many 

human 'experts' from multiple locations. Such systems are potentially particularly 

useful in agriculture, since researchcrs, extension agents, and farmers are scattered 

over remote geographical locations and may have limited access to cirect expert 

advice. Once developed, a diagnostic system can be distributed to any potential user 

having access to microcomputers. 

The prototype sy'stem under devCloplent will be both diagnostic and advisory-it 

will help identitv insect pests and diseases and nutritional problems, and will 

recommend crop Management strategies for prevention 

and control. Intended users are NARS scientists, 

160 , extension workers, and university researchers throughout 

.heworld's groundnut growing regions where English is 
140 an appropriate language. Given the necessary funding, a 

Computer-based Diagnostic Systems. In a project oarti li!.v 

n 120French language version will be subsequently made 

available. 
0100 

S80 Scientific publications. During 1993 ICRISAT 
"3published -2new titles. 

.~ 60 [ 4 I \VWe also copublished four Plant Material Descriptors 
T I our sister center, tile1 of our mandate crops with 

0-4o 40, International Plant Genetic Resources Institute (IP'GRI). 

20 1 One of these, Descriptorsfor Chickpea, was also 

" copublished with I(ARDA. 
1991 1992 1993 Due to high demand, over 21 000 copies of 18 titles 

Z Publications sent to HDCs originally published prior to 1993 were reprinted. In 

* Publications sent to LDCs 1993, over 101 000 copies of new and existing 

ED Newsletters publications were distributed; 30% more than in the 

previous year. The popularity of two identification 
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K"'
 

Plant breeders in Vietnam using [esriptors I'r Groundnut copublished by IPGRI and ICRISAT. 
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handbooks, published in five Asian languages contributed significantly to this increase. 
We distributed over 50 000 copies of ICRISAT newsletters durihg 1993. These 

included the general interest newsletter (SAT News), and the three international 

legumes newsletters that provide a global coverage of chickpea, pigeonpea, and 

groundnut research activities. Over half of the articles in the legumes newsletters are 

written by NARS scientists. In 1994 the International Chickpea and Pigeonpea 

Newsletters will be merged, and we will co-publish the International Sorghum and 

Millets Newsletter with tile Sorghum Improvement Con ference of' North America 

and the University of Georgia. 

Publishing is a measure of scientific achievement. In a recent article which 

evaluated the publication productivity of tile interinational agricultural research 

centers, ICRISAT ranked highly by several measures-number of publications, 

number of articles in ref'Creed journals, publications per scientist, and refereed 

journal articles per scientist. 

ICRISAT's widespread collaboration extends to its publishing effort. Over tile life 

of the Institute, over 550 external 	conference paper', authored by ICRISAT scientists 

have been published. Of over 1500 	refereed journal articles that have bcen published, 

nearly 25'ohave been co-authored 	Iynon-ICRISAT scientists. 

In addition, n,:irly 1800 internal conference papers have been published by 

ICRISAT, with 	over half of them written by collaborating scientists from developing 

countries and another 7% co-authored with ICRISAT scientists. Since ICRISAT 

publications are known to be reviewed and edited to international standards, research 

results from NARS collaborators 

publisied by ICRISAT are 

indexed, abstracted, and made 

SChallonglng Hungor r , 	 .6 avaiable t)a global audience. 

of Mho	 \O\X\S Theol 
CfIA, . v\ 	 Public Awareness. ICRISAT 

maintains an active pulic 
V. 	 .awareness program so that 

.. policyrmakers, donors, and other 

L~J 	 - ~stakeholders are inf'ormed ab~out 
- ;, " the value and progress of our 

~.- c r, 	 work. In addition to our scientificrn ~ 
publishing, we produce materials 
which describe Our work for 

Publications produced at IAC 16r the CGIAR. 	 nonscientific audiences. 
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ICRISAT hosts special events to explain our work 
to donors, the media, and the public. During 
1993, for example, two important receptions were 

held in New Delhi. One was attended by 
Ambassadors, Hi;h Commissioners, and senior 

representatives of our donor nations and agencies 
based in India. Another meeting was held for the 
benefit of representatives of the international 

Inedia. 

Articles about ICRISAT and its work regularly 
appear in many languages in newspapers and other The Indian teletisionservicefeatured ICRISAl'S 
periodicals around the world, and the work of the work on II'Nin groundnuts. 

Institute is featured in radio and television broadcasts, including four broadcast by 
the 1313C in 1993, 
Two recent public awareness publications were produced on behalf of the 

CGIAR-Challenging I ungerand Living at the Edge. 
ChallengingI lunger explains the basic role of the CGIAR-its mission, its 

accomplishments, and its aspirations. Living at the Edge is a more focused document 
that explains the Group's response to a specific suggestion that arose from the Earth 
Summit in Rio de Janeiro: namely, to address the urgent need for coordinated acti. a 
to reverse the degradation of potentially productive drylands. ICRISAT, concerned as 
it is with research on marginal areas, was a logical choice to prepare a publication 
covering the CGIAR's Desert Margins Initiative. 

ICRISAT-specific public awareness publications include ICRISATAnew, a brochure 
describing how the Institute has restructured itself to face its changing challenges, 
and ICRISAT Now, this alternative to an annual report. 
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Donor Contributions (Coie arid Complementary) 

African Development Bank 

Asian Development Bank 

Australia 

Austria 

Belgium 

Canada/Canadian International Development Agency/ 
International Development Research Centre 

European Economic Community 

Finland 

France 

Germany/Bundesministerium f(ir Wirtschaftliche 
Zusammenarbeit/Deutsche Gesellschaft ffir Technische 
Zusamienarbeit 

India 

Italy 

Japan 

Netherlands 

Norway 

Sweden 

Switzerland 

United Kingdom/Overseas Development 
Administration 

United Nations Development Programme 

United States Agency for International Development 

University of Hohenheim, Germany 

World Bank 

Other 

(us$ millions) 

1993 1992 

0.7 0.6 

0.4 0.4 

0.7 0.7 

0.2 

0.2 0.2 

2.4 3.2 

2.1 2.3 

- 0.2 

0.3 0.4 

2.8 3.0 

0.1 0.1 

- 0.4 

4.1 3.4 

0.4 0.5 

0.7 0.8 

0.6 0.9 

1.6 IS 

1.3 1.6 

1.5 1.7 

5.8 8.1 

0.2 0.2 

5.1 3.9 

0.2 0.1 

Total 31.4 34.6 
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Resource Allocations (Core and Complementary) 

Resource LegJlineS Legumes
 
Management ResourceMc ag e n .,4.8(0%
n/,en% 

' , 14.84% Ce s 	 1. 1 - Cereals
RL~~earch/ 11.39%r-e,1.1 15.14% 	 Researchsearc 

......... 0/Support 5.75%
 
80 19 . %/ 	 Depreciation 13pecitio 

/7 .600a 	 7.68% 

Technology Tcnlg
 
- 18.71% "\
Exchiannge -t.%1681%Echanqe 8.63%/ Technoog 	 9.28% 

70 
General Operations 	 General Operations 

Geineral Adirninstralion 	 General Administration 

1992 	 1993 

Balance Sheet 	 Funding 

(us$ thousands) 	 E]Core 1 Complementary 

Assets 	 1993 1992 40 
Cash and short-term dcposits 12 800 14 438 
Accounts rccivable. 4 995 7 204 
Inventories 711 761 
Prpaid ex penlSQS 367 354 
,01)g tertll il\VStllltnts 3 850 -30 

FiNxd assuts - net 50951 50 726 

Total Assets 73 674 73 483 	 o 
E 20Liabilities 

AnioUnt, palIH and other 3 775 1420 
\ccttuid salaris and bIcVths 4 881 3 836 

PNH n.nUts in hdfrom0111 donrs 2 669 6 054 
In-trust ftunds 431 169 10 

Capital 
Ullhsignatd 54 914 56 152 

7 392 5 852csigniatccli 

Total Liabilities and Capital 73 674 73 483 0 1990 1991 1992 
Auhited finin iii talitc n s nr' ajvailable on r'Iiuc' .	 Th" d' link' InnJundmig rinidmd in leylh'. ol n t.il ion.INrinrnpunded bil 
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- ICRISAT Governing Board
 

Eric H Roberts, uK Chairman 
rVlsor of Crop Production 

Departtent of Agriculture 
. niversitv of Isatling 
EarL Gate, RtAding I?(;(, 2AT 
Lngland 

V LChopra, Indio,Vice Chairman 

Dret tor General, nliMan Council of 
Agrit ultural Researc h (ItAR) and 

S,., i tla to tilh' GOvtLnliltontIndiaot' 


DI-iltlMIint J,Agricultoral Research 
anl lSlU(tii 

Kriuii lihavan 
New Delhi I1{I1
India (l'x.iTsio) 

James G Ryan, Australia 
Director General, IRISAi 
Patant hen 502 324 
Andlira Pradesh 
Ini(a (tx.officio 

D Aurora, India (until June 1993) 
Chief Secretary to the GoV'erninent of 
Andlira Pradesh 

I lIderahad 59)i)022 

India (tLxnfieiii) 

K Jayabharat Reddy India (from July 19L)3) 
Cle SeL retary to the GOverlint 
ofI l'radesfiAndhira _ A ra riA C1 

Set. retariat 
I Iyld rahad 500 022 
india (l.-.ofiito) 


M S Gill, India (InItil( )L tober 1993) 
Secretary to tile Governmi ent ofIndia 

Mini.stry of Agriculture 
Krisli lfhavan 
New Delhi I110fll 
India (Lx-oJffitio) 

J C Pant, Ind!() (troin (Xtohr 1903) 

Secretary to the (os crnhl, nt of lndia 
Ministry of Agrit.uture 
Krishi Ilhavan 
New Delhi l10 001 

Indfia (t ofi.(io) 

Jos6 Crespo Ascenso,Brazil 

Lxectutive )irector 
R and D Consultants 
Campo Grands 30-7-F 

1700 Lisbon 
['Portugal 

Stein W Bie, Noavay 
Director 


Agricultural University of Norway 
Norwegian Centre for International 
Agricultural Development (NORAGRIC) 
I'(Box 5002 

N-1432 Aas-N.l 
Norway
 

Max N Birrell, Australia 
Birrell Managenient (Australia) I'ty. Ltd. 
Level 21,Grenfell Centre 

25 Grenfell Street 
Alelaisle, South Australia 
Australia 5000 

Pierre LDubreull, France 
Centre Liecoopiration 
lntcrnationale en recherche 

agronorniqute poir Ie 


dt1veloppement (CILRAD) 

42, ieSchelff.r 
75116 Paris 
France 

Arthur A Guitard ( <o i,I,i 

i (01) 5i Street 
(lid 
Alberta 
Canada i4-illIK;
 

Mamadou Outtarri Niger (rorn January 1994) 
Director General
Institut national tic rethersbes 
agronoinucs do Niger (INiAN) 

w, -4251 

Niamey 
Niger 

Roberta H Smith. uS4 

Eugene Butler Prolessir 
Department AilSoil and Crop 
Silences 

Texas A& M University 
College Station 
Texas 7"'843 
USA 

Hilda M Tadria, Uganda 
lilkon Tstinikal Services
 

I'() Box 11192 
Kiipala
 
Uganda 

Akira Tanaka, Japan 

2 Jo-17-3-1S Miyanouiori 
Chuoko 

appok06 
Sappor O 4 Japan 

Mamadou F Traor6, Mali (untilMarch 1994) 
Conseiller lts[nique 
Ministere sie'Agriculture 
I1'hil 
hiatuako. Mali 
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IICRISAT 	 Senior Staff 

The listings presented here inzaiate the staff member's nanie, country of origin, designation, and work location. It should 
be remembered that research conducted in any one countiy can generate benefits throughout the _Tvand beyond, and that 
ICISTI'scientists are working on global problems irre.'pectiveof their work location. 

Corporate 
Director General's Office 

G Az ralia, Dir e t r Gtaiicril, In tdia 

V IliJ bmzi'imarn, l:,/ha Sit'nihr Exv, Itiv [)ili&hr,
Inlia 

\''v.ih% l1.Ntnt, liz, i,Dtlitz1Nirettor (Gnviril 

III 


( I Ih h I IlId , Stiru1r '\jdlnisti.otm Oli, r, 

Delhi Office 
;K ihdn n. l z/i, nha' I) u l, c),IndiaNIh 

Internal Audit 
IntN \'kdit551'w iii, lzI Sinhi,lit L.ItIi, i r.hnla 

A N vnkI~mjimth~c, ItiaEducational Affairs 

''tr H eisv , I '1KSi,,,' [ir,tora Ais~ii t to tilt,kic''ld hkrliiu, ~It ,\l.Alrs.,India 

Associate Directors General's Office 
')t i l ':NO , 'h~ .\s I~tt ' I)invto r ( ;r ner a [llB tra h , l A.IRe"],Ih1 lii , 


iV : 
.,r. 

li. zin i AN V N ( Fr ir iiir,,i. l 

Gordon l: ( ,arrigh, (',i,/,A.,, il itr)irttor 
(;ii,'cr.0 (Fin.I, ii A.\dlmiitnSatiii), India 

Computer Services 

.I , \I ,I I 1(ia (estes, i.,Id, nd 
S XI

Ilia
, r n,,I, ()ptrations)thra, Miag r (v.Sl'stemnIiniis 

' IB ,RN etnri(-iip , l,z iA,.'\siant Mianager

(S aiWire),India
 

J Sm 'risad, h/z, 3iaarigr (Soltwarv), India 

Donor Relations 

JuguitJAradiniui Senmor lonor
,h,, Advisor, 

IIdia
Relatiolt,
India 

Research Division Directors' Secretariat 
VS S ,'aiuinai ,\.A Nkunagerh ia , ,ist.u nt 
)Adiiint iItn, sdiah 


Finance 
FinnceProgramh~r StmotAi~it
KNarriaumNlithy, l,hia, Sv'iir Finari, c ( )licr,Idi 
SSothuriiin, hizia.,Asitant linaii¢ Manager, India 
Purchase 

C I?Kri .niim,hbii, ha.,t'i'ur, and Stores Nanager,
In dlia 
)K ,MNliia, hz/ia, Asi-,ltit irhwase and Stores 
N,31i
ii or, India 

gii

Regional 

l(ti,'rh.u Jlih,ii ,ii'\iiiii'iitratii,'S.'(rtry, Illi Asia Regional Program
n\ilI P. ,:h / i rNI.miir,India (l rlh', ielgium,. LI,IIe Dire, tor. Inidia' 	 Re' ird, 

Information Management and Exchange 
Program
llert ' Iaglhiheld, I'K, l'rolrim L 'ir, India 

A\ ,'\ntnijiii ,lihi Sviior izpetrisor (. Ilattild 
ii ,,r 

GI ttlried,P..I,Pgion,i Inhornition 

t Niger (Art I/ 
ndia iii .iorzirs 

siui I) 1,la I zit, Inlia, I (K, Mlaiur, Lditiriil 
IIhfjlzzl,,l, Sit, iavir (library iiI 
D- ,uihitd.iim Sir I, is), India 

S A I. JI IIII J s hLIhStIn ,i nO i It iO ri i 
I R K r.i, liz/i \Ssistant NIIiiagi 1lidii i 

M I,.i,I: NI : , Rt,'sim h Eldir, India 
I'r,.tn ial,khiu , I,/ii ."nzor [.irt. t hl r, lilia 

' S Ki,iu ,l,/,ic Sinir A.dlnzii trjiist )lII, 'r,Inditia 
l tndriRi. I, li,h,,Siiiir I'r,,di,tior t )iII,c 

\". ) I i i


S NI Slilhi, 1lz/n . Ntnivi'r (\rt irid 'rdii, tiu i, India 
.'\Na\ar.lirS hli, litor, Ili• 

Training and Fellowships Program 
II I)iwakar lih/ , t I i i r iii I I dIt-r, I iliani hTi 
x K I),Iis~zzli hhz/ill S 'iihar r,ziziuig (I f, t'rIuuuhaiSii ih Senior *1 m it I i , i; 
FxuldhiSlml~hi , nio vli r.
r'Irm ()if\ Intli;i 

Statistics 
l ger I) Sllrn, I'tn.i tpIlS, 'inti N iger 
K Vudyaar lh , ii~ll,Ilior Stititi, lii, hidit 
Administration 

Stevn I) (Iode, I 'I., -N\ rst\iiit I )irt'ttor 
(Admiiintr,,tion), India 

A R,inijNlirtv, lu i ir "l'r.irv' tiivr,.)I India 

Administration 

R S Aluer, Asimit %hrigtr (Ad in strat )
'lzia,

India 

Jov, v Gay, In,/ia, Stim illhmn tI tr,IndiaOi )fit 


Ramesh C Si hian, li,,lvstant Manager
 

(Greenhouse anmd(itrkilld i'niriinient), India
 
Geographic Information System
P	,IauM han Rao. India, S itit (Information Svyt'ms), 

hlia 

Plant Quarantine
 

A I Ghanekr, lizti, iet FLint (uarantine )lir,
 
India
 

Cereals and Legumes Asia Network (CLAN)
C 1I.1(mnu'.la,tia, 'rint iil ('oordtator, India 
A Rainikrishina, l i,h,Sointist (Agronomy',Injdia 

Western and Central Africa Regional 

Karl Ilarinswn. Netherlazlt, Exet tv' )ir't Nigertor. 

Administration 

,AM I lhgne, Gaira, HcRgIiI Administrator, Niger
A R Dasptpu,Ihhia, Mainger, Physic a!Phit Serv'ccs,

N ig e r 
M S liolonbi, Niger, Regional FiTii t,()lik ir, Niger 
Dranune I otimliia, lll, Adin tlicir, Malisirativ e 

IOFldvP Irio nl,,R'ghniil I itIisiiugIn.L Soo
O AI',iiF r'vites 
Ofth,er,
Niger 
Dl(it.,Niger., Imin,Offer,Niger 

K A Moiu,, Niger, P'irsioi l )tlIIr,Niger 
U i.i C omputer Servicesi /Iiurkimia Flon. ( hie, 
Init, Niger 

G;A (ol)ii, Nigeria,Aniiistratm, tilcr,li)ll Nigeria 

Farm Services 
llruno (;ilrld, Ielgiun, Fmi NmIaniger, Niger 

R6seau ouest et centre africain de 
r, z iir Atiislart Iut'r. Ii(Forecherche sur ie mil (ROCAFREM!) 

vr-iI es), India 

M Mellon, In/ia,
Nlaniger, RID) S, retariat, India 

lt) ik NIPllr, /i,Seor S,entil, .izsoN 
I r lia 

Ntlimi 
K K Soid, ihi,c ( hiwlS,'zzritv )li, r, India 
PP.\zII' r iion
,,.,i h ,li /,, s 1,tii lirsi rtnl r l , ii gtr. 

Farm and Engineering Services Program 
l)S i,,ht,In , In ra .,jdv, India
1 111  


K Rm ih(hiidr.i Bow, i , , Sezor EEPn .inr (( I i).
l ndlia 

I Hmiii.iNlurthv Iz/i, S i r Adiiittraisisi' , iter, 

India5}li,~mi hhtr,,%n~~.ir(l'ltit Inia
K PAil Proc,tril), 
V l',iriuuwesnr.ii, li ,in Sior Eni tii'r (Auiiiiiii, 
InLili 


N S S irisi , l/i, (h i En unitr (General
E rii'riing Svts ,1S). hldia 

K S.ity'inarai,i Valli, bliha, S iior Engnlgi n ,i luz 
iind Fahn, itioiShoip),Ilia

M (: Raznii thiRio, , Depli ( 'l IuI,,rI'pz .tynv II(Farm I)i'ilopniint and ( ,.iistri',tionl, lulia 
K HaViiidranath, Iia, Natiuigir (Firm hi h wrinir 

Mlelhaniril [ii rvig itiii I,S), Iulia
Narri l'r,iht&ir hiddy,hl~lm AItant hin14ie'r 

(lrrg;ition, Iabiir, i Firlil Niz eiil.iii i'), Idlia 

I (iss;, Senegal, Uoordtn tor, Niger 

Southern and Eastern African Regional
Program 
Leti, K Mughoglo,Malaui, Exc tive Director, 

Ziillilabwe 
A dm inis t ra t ion 

Je.mwI .i.itre, Ken'a, A ,iiiistrativcO itr, KenyaMotrgzn NiikoIIdIe, ,t,iniia, Adiuistrative O1ic'er, 
Malawi
 

R iard Nsziliu, , 4 bi'e Stiior At cozitiut, 
llial m,
 

Ti'ip l,h nii' /iii'il ie, iinior A, toziitnt, Ziuniahwt 

Farm and Engineering Services Program 
Nurtlin S Kaitli, 'Iizwiizih, hi i ,shst at l'iaiit Se'n' 

M In,!v, ZiIIm e
 

('luil }uaiii NI MI.ii airi'. Ah I.ibie, l'riTi ipalStition 
,Mmugi uenntand [o~vlhnint li, ,,Mii Naunibia
 
Ninthuii l ki,
Nt vlni Zi ;talizie, Pirii Niag'r, 
Ziilial,,'e

I(right Sib ,ii I ,'iI R 'se.ir, IhI' hnIii,'ian,t iil , Sii'or
Zinlbabwi
 

S ilaii, et,'inutF Imiltii. lhi, ,Zimb\,iahwe 

Latin America and Caribbean 

N V Suibim Rcd. v, India, Seiior I lortiuiltuii I)tticr,Regional Program 
India Don E IIh .'li:ritli, IN ,.ul 'vDuire,tor, India 
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Research Divisions 
Agronomy 

Chris Johanset, Australia, Principal Scientist and 

Resea rh Division ljire tor,India 

%IAdebliyo, Nitgeri, [e hnical Assistant, Nigeria 
Joseph J Adit-Gyatli, Cu/n, Research Fellow, India 

hilia, S nor SLtentis,India6 Alaarswaniv,9 A N I h I A 

Nig r 
Merle M Aidcrs, I S.1,Prin ipil S, ntist, India 

A GaAnior-, Niger, Htst rt h Assistilt, Niger 

lbrahim la. .hliii, Senior RtiscirLr M aliItissistant. 

I Principl SLit-tit, 

Y S C(haihati, India,Scirntist, India 

Traore I)iabate, Niger v, inial Assistint, Niger 

FranisI B i linger, (I.-I, India 

' 


MahaIMIidoii Pibey, Niger, Vesiar I Assistant, Niger 
F D[ig..lli, Niger, Reseirh Assit ,t Niger 

L K sin Eert,NetherlanA. Rew.jr,h illow ,iger 

F A Fatodii, Nigeria, ,esiar( [I Assistant, Nigeria 

I ),ii IJ Flowser, .Iiorsilii, Priii 11,1 SL itltist, n i 
,ibirvI )itta Goloimbek, Geinhilv, R'.,sihi ello 

Ot,)1111lInidia It, lfq,,n, L; ((,0 ). India+P'rITI,11"d wt~l't 

nttst IndiaK Kit.iyinw. lapin ,+iv (WAI), 
..... 1 l vr1 K)IV i- Kanml,lk I ,,r, I 'l'', l+,ih 

V 1nt41,ei, Malihm~i 

z 
-wr1, tNi 

gulp 

Iloitbakar Iar, Niger ' hniLiI Assstant, Niger 
Calistos Mar il'u,inibailu'e,Seiior Revsiri It 

"egronoC n,Zimbabwehli 
R C Nageswara Rao, India,,.S,iettt India 

inino J Ndungunij, 'l iminia, Print ial 

S,ientist ,/'IRI A1 Repriewnt tt we ii,Iall,i, 
Malawi 


( 'I'khnkal Assst.iant,Ene Nwatnze, Niger, .elnior Niger
i :W Odongo, Ugaina, Principl Scientist, Niger 
Eri i \sall Oosts rom,Netherland,, Resear, h Fellow, 

Itdia 
W A Payne U., PriI pal S,ientist, Niger 

M V I',tdar,lidia Scientist, India 
() P Rut Iniah ,Se niorS( intist, India 

Senior S ieintist, Syria 

S K Sharia,Itdia,Assistant Manager (Field 
N P Saxin Indlia, 

Opratio1is), India 
S V R Shettv,India, Prindpal Scit'ntist, Niger 
S"iid N Siini, U ida, Stror SL iint (Crop 

Ii (r id (Ihiii Kenya.geonpa kpal) 
R "libo,Cha, lrmnipalS,wntist,Nigeria
 

,wi A i 
+,+ 


t .J.
 

a 
N Venkataratn in, Ididi, Senior Rescar h Assoc late, 

India 
J I I Williams, Zimbabwe, Pr ,ipil SLit-nist, 

Beriird K Towett, N<e, '. Iehi. I, ()thI,er, Ken',y 

Niger
 

Cellular and Molecular Biology 
J P M oss, 1K, Prilii ISl IVitist i[ esear, It 

isos Dire, tor, IndiaDi%
 

Prariesh S 1adai., Iid, ResearL ItFellow, India 

Saintosh Gi rtit, India. Senior Reseirch Asso. late. 

India 

NI S Kherdekar, Ind: I, Senior Rksear, h Associate, 
India 

Murairo \IadAIaIt se, ZtiMiii/s e. Senior Resear hI 

"Ie lit),iai. Zimlbalwe 

Naliii Mallikriini. ;:h, S,intist India 
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. , -- -ICRISAT Senior Staff
 

I)t'hi NMatitin, /im bl i' iiror 	 Susan (rwgll, I'K, Rese rmIt F,'l,, A Hati:idiss, France, Primlial St Ientist ((IRAI)),.I,'we Iv.ir, Ii 

l i hn n, Zimbabtes lIari AlIou I) I L,i I ]% 1iw n \ali Mali
 

N Seethar i dia,,, Stmo S,ieitist, India Ali-Nur II l)u I. SwilI w, i t lwlw, I) V R Reddy, idiaz, Prin
it, Hiiri f India ipal S, wittst, India 
K K Sharma, India, Si ntist, India %IP I Laar,I India, S rinr S,iIntis , India NIV Reddy, India, Senior S intist, India 

maid Sinigh, India, Sinitir S it'rntist, India rDale E I I, sS, hiI trniphi St iintist, Niger T Sataniray.ma, India, H sevrr i Fillow, India 
b+.,.. ,;,,++,rish i , ian Sm nt, India Mali,, 	 G I lolnilan, lFr.i,ze, Irii, ipal Skitntist (( IRADJ, S 1)Singh, India, Seinior Scientist, India 
V Sntira inaian, India, Simnor S, i'ntist, India Stan II King, I .I. Prl 1o,11SLintist/Il(RIM I Tom G Shanowtr, UI.I, tScentist,India 

Hepretntativtk in Ki'nya ((Crip Coordinator, Pearl I I C Shlarma, India, Seiiior S,ititist, India 
Crop Protection Millet), Kenya S IISharma, l1ndia, SCitilis!, Indtal

Klaus Itsus Imr,,i Prin ipal St ientist, Ibrahim Sissko, Mali, Seinior Research Assistant,e'r,
I )um d, t 'I. Irlnr pal S intis! and Zitbabwe 	 Maii.'+Iii 

ResearrItDivision I)ire tor, itti V K Mehan, ii S, lt'tst, India PIaa Subrahanyam, India, Print ipal ,iteitist (Crop 
() 	Apyi, Nigeria, lrint llpS ilntist!lI'RISA I Fungai Mnnaki, /iibabi'e, Senior RtstarhI (oordinator, Groundniit), Malawi
 

Repre ,intative. ti Nigtria, Nigeria T'ehin, iaii, Zilbwe 
 Elhlot Tenbo, Zimlalre, St'iior ReseiL ITechniian,
Nigel J Armies, 'K, S, ititist, Idia A K Murthi, India, Senor Engineer, Itdia Ziinbalm'
 
Ranalit BIandvaihvay, Indidr,Scientist, India 
 R A Naidi, India, S( itrnist, Indi; 	 R IVThakur, India, Seniir S,icitist, Itdia 
Felti&mm,i T l atlnJr, Phililppines, Senior Scientist, 	 Ii rMalI NaI I K Ngugi, Kiw, "' Officer, Ken' M Thonas, Sierra leone, Principal Scientist, Mai 

India Kanayo F Nwanzi., Nigeria, Prin inpalScientist, India Farid WalIvar, France, Prncipal St ittist (Crop
I hinii llnlrtn.i.ir, Ii,/i,h Riser, 11Pillow, Idia F A Ohottte. N'ig 'riai Resat InAssistnt, Nigeria Coordinator, Grounlint)t, Niger
),i%il H Ilirtler, I :N, Irin, ll S, ri'n t,. India Suresl lr. mhi.,bu , .', wirrst, Idia John A W ightman, N w Zearni d, Print ipal Scitntist, 

(.S lnir. hri,i S, wrmit. Itlia India 
+i~~~jll 	 Ous() _ Youti. 	 ii.. //i r .. SVI 1rl , I h ' i.Ntt ..... nt ... 'toel, im il Sj, witm~t. ((rop+Ilia 	 Y,,hida, Jap , HtsurtRewar, h Fellow, India 

li " 	 (CO rdlitor, Petarl MIi'tv), Niger 

+++ 	 M .+ 
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ICRISAT Senior Staff
 

Genetic Enhancement 
K Aianid Kumar, India, Prinkipal .- i tit and 


Rv'seark h Dvisit Dire,t'or, Niger 


S E Aladelh, Nigeia, lRcscar, h Assistant, Nigeria 
Mpp "l't',rKilis,Malilit.. Nigeria +\10haS	A Blello, Ni'geria, kcsum, li Assi. 


1 *\1t, Ic, him,an, Mali
N(.ira,
3 ( 1imittertmi.,Ira , IPJ]SLLllitist]'ll, (( IRAD), 

Mal 

M iHl'iarra. ,\IIi Ith,ear, If A.sistant, .Mfali 


'Iih . ziih,,i, r
Sibal 


S I. I )%wiedI, I h,,S,entit Vietiill, 

Doubt ;tlllimhnn ji dj, /'lmie'u, Senor Reseat".Ih 
T hi1.ll,hn.iibaliwet 


S'ubhlm,h O y:t.uIbhw, Prim ilml S",1ittst,
,i+,

Ziltbwk , 

(""'hthl s Jr[a, rit(',.I hmptll , (C:rp
0 I I aorsh1 r 'M 1 I't ), SI tritnth 

T L] ,an ICLhnh ilAssistit, Nig'riaN g.', 

(I.olI . I. t'il'r.itnd, Zimba.'e. lrin,ilmlS, 'ntist, 


Malawui 

K ( nn.India, or t,India
ictitr,
K ( Jpii(. Knibti.i r lmil ePKepiva, 'I eis OIt, 

Jrph G+ 'iv, liri. iit Iith,
+ Kiiiikai "I'. tr,Kenyi 

J,11iz,iiKuiliit,Iu ia, t'iniir Stitrntist, langladesh 

S N .,ha~ii .\'epal, Prinial S,itttit,Mali 

/ It Mahtian Nigur, Sinr l, hIi, al Amsstat, 


Niger

Ern, I ) Mitivaa, Kutzva I t'Irim, al(ii, er,Ke 'n.z 


atIpii.M.Ni h'aiatiLi, /iii.'(HIuT, l.iiior Resat- Ih 
"I',',flrl, t'e
hill, ZiI1l;,! 


lu,~ ~~~~ ~ ~ ~ 
1iiiiii, tiiielS ,Mom.'), l, S. liltist,,tiizdni Stu'nihr 

Zhnhalmet 


S.mid rs Mpoti, /ipii'a 'e, S ior 'Rs'arIt 

Iv, hii im, /ilbal e 


S i iiiri lM uktinIl Uui.i . I'riii 1,J'." 1'lntis.t 

I( r ( ordmat,, ,.r Ken 'l
ip Fit Mlic't,
I) S M Illt% h1, Pr IIII"1 rtM ( ra
1, Ir + ,IS,I - IIII( 

I oollriato. SrghmlTIi, Nieria 

Sli.liN Nigat i al , 'rIm p l wn .tI(rop
ri l S, 

itim iriditi. 


i tK N t a ' , Ig, ti/ , '.I , i , l S,wi t s t (C rop 


oordiimtor. Gii.rndiit) Niger 

A ]ltl ndvtO bi ,i~h, Printip,,d. it'rmtit 


i,lrdi t,,LIro India 

m Nige,+riti. 

(( rop (,0 Zimb.idmwe
1,ior,r So;rghurm), 


K N Iti Ii/ ,c t. niot S, intlt, India 

II 'rid,. , \\' Rttutnr' t N.C,S. itist, India 
thTur V S Reld, l,,iia, Snt,,rS, 'ntut.m India 
L.I I Pt'1,1 l.c,/ro t , cIt't, Indlia 

1 1 'nriei. Iri;.i' Il S, litistPrin, (I)R I(i.M), 


Nigtr 
I [.nk A %,iI H'I ' lien r'zthvi ,in,/i i'rm, p.ilS, eim'tis 
(( rp (, -rdittor, I l,kpc',i), India 

irz/r.,i, uil : 
Ilik.i, Stdl,' M,di.I, imi,i,n.Mali 
K I S k ri, q , It t,i S\ri;o 

K it S l i. Idih S i'intist Sri l.ttka 

t,:i Ptz./ ot 1t' 


ixilii inS ;i.h hii. , Pli,Ii,il S,intstt ( n'lio 


( igrd tim r India 

)kar SI'1 h / ,l, S,Il't IndiaV;11rLr :, 

S ( St-'tr h Sc inr I v'ntIM India 

i
 r
rdhi 
+[+l7llre%o+ M' .h ,,I hil'', 

.... .itr r,hu ) IndiaI 
J . 1.11''.\bi 

Attiogh,. %I l ..di I ",Jo/ H-v,.ir, h A , t.mq.t. 

Nigv'r 


S 'I"luk,hrh/,l , tti,i,hidij 


Solon':inl*"11\.il'. l.",l + S'l , , lnti'l M\;ahui 

IIIDI 'pIt ./:/,I I ,1h%1\I ,'~rt, Ili+. 

I L'Aa /c > + 'l. India1I, IiliP/t+t+WoJt I. 

Genetic Resources 
Melak II Miengelia, IFt/nia, Prin,pal S, intist and 

Hesear, h Division I )ire tor,India 

R P S Pundit. India, Stir , lentist, India
S Appa Rio, /zhnc Strtiir S elitis.t, Ili 
S Rionrl SHI' t1Idin1, li st, Indi1RetIarJ INIIIjt. Sk-ii01'r5 
A K Stnh, Imba, SeitorS(itntm, India 

Socioeconomics and Policy 

l)zl I) Rlihrbait, Ix.t, l'riii,ial Stitinost mid 
Res.irt ItDi% tor, Zimbabweviiti Diret 

JAdvvmi N' ger,Priortiii'r, Niger 
J aldti-Forson+ Ghaiui, h~itnipalSt.ietitmL~, Nigetrt 

K IiI 1yR ( i , 1 % It -II fIIItr Itt S%' Ii Iia
IA(.,'\i Iitl ri . It 'i2 rhifit 

S, uitlist, India 

S K I])'brah,Ghana,m,l .l .intistIt RIo. Iir S, 


H.'prv',s'ntatilt ti NMI.,M li 

I i lasiai, .\'ig r \ssistiant A, ilst,NigerK Jois , Izdia, S'mr S it itrnst,India 
Timthy G Ki, s,SI im, jul S, ntist. India 

\I K-rr, I s Ik. 

lant Koh,;"ilbbiiz'', Sie ri tan , Zimbal we 
K (;K,iilrs.l4+ir, liit, StUor Hsstar 11+\ssOkLife, 

Joih11 S, itis%, I I iN 

hdia 

P I'arthrasarathi <ti, Itlii, Seiriir lst. ri i 

\s,,iltt', Indi, 
1)Smitigo. M h,\] H Irt MaliSt-~r [ Assistant, th Ctit im, . ~ ~ 'ai~ ei~rRsat~ ~iiiar~/iibzteI~sittt ~ ~~~~~~Sil nikgi, indri I lizvttstv. \'araiisi.vs~i Iitirais I
K V Sihb,i16a, IFiiii, S tllo r ,lt isr.tate.Assitt.

Indlia 

K Raitadvi. bld . India,itntis.t, 

Mer 1.W hitj ker, 'SC, tt India
l, 


Soils and Agroclimatology 
M V K S iakutmar,liz h .Iiti +,l , ,.ltist IlM 

Res at slulllD)i)ir to r,N igert, t h i t. 

S Abottlsalait, Niger, ith Nigereet, Assistant, 
Kinio A I '.',mv aly.,t/Prtl Nig4er,N'ige r. A\, rmJnm11tr, 

If Alzoumna, Nige(r, I I ,him,al Aw,.Itarnt,Niger 

1) AiiadiiOU, ,ig'r, "t', hn iLiA sistalt, Niger 
Al,r, IliAiiiil, N'tgter, I hnli,AAssmta.tl t, Niger 
N K A\,ilhial, izth Setor 5, ittit, India 
A.Il,it wro, /fitpi,4a I d-, Prnti, ip,]S, vt'm t (111I)('), 

Niger 
Gi et'i' e Iir , il A sitint. Nigerilhr i rr, [tI' 
I lruw'r .\'e-thi-r,itu i S,rm ip,ilInt 't 


(( Tlti.t'rsitv
A% ']+ t Nige'r 

I It itvN' 'ir irt'i t, It Assistalut, Niger 
M ( Khiiu.\'thirl,iriJ I'lntpal S.,ii'ltist Niger 

' i) K Ki.r 1 I /ni iili S el, itistttt , hijhivi 
K I .%r. lttd, 't ,Indiai (1hii . rn,S 

i'iir.Kvik-Ki +,inii i rint ,S , ritist ,Indiai', ' 

() ( )tu,'t'wim,er It-, JI,A\mlmt, Nige'rN\ir ImI, 


'rblki [th, / tiit'i.I 


K ( Rao. liih ,S,i'rtItIndia
 
I ) ke',. 1I'll, t.India.sv'rllT w ltr., 

Ado S~iw'\',\ St-,N rg'r,BlInglti,IIrcl~ir%..Niger 
I'llrrn %,.thr1,G rt'tarhtIV h -1i(t',l.Itw, India 
Pl'lrl% Ir ~ "I'l %lcimilS, crltlstIndia 

K 1.Srlm.aq,\ju,/,h + 'vm r S, istIn]dia 
N \'ikj~jI.kd In w , ,Irrtiq,India 

) M \'l IH~l Inidian,..iPrim, td %,icttist+ 
S P'W.''11,klat+5 tIt+t In,.lia 

Awards and Distinctions 
ihviti ret PIipcr Avrd atN K AwadhIal r \t.. " t he 

2Sg Annual 'onwtw Indlian , ,Io
n ,1flit, S, 

A\rlllturil [ngintiirs 

P~'raikzisl iJbii %,js Iv,ted a Fello%, III tcId
 
So, lity i Geiti, .Ind Ili'lll.
 

S(C(;U1ilI \;s app' IItted AdlunTI i....rIliI iri.t the 
I)v'p iktetit ofAgrotioniv. III, I ot iifNt'hrai+,ka, 
Mi llare r 	 -1'2 

ho"lrlth. Indiani ,i , Il'hyti. h lii et 

II ISAr re,etledI% htirir, I~IIIpi ,IItheV 
a+ n tF r'. lr d'r d l',g a
Agropt, arts 20th Aniririary 

1e1mx 14 \,ttiAmutiI:IIIS.\lSelo-Ith w tin \rk titural 

' 
(lrTiiln+tl ,t0ir S III ELlr.,rt.,,z .irdSlher A;iel 

I. K M ughight)%%%thin retd itth, First( iop 

(I r tr nt t lzloListrS.iet r irand S itliri Alri, a, 
IitK ml ir,
i 	 and 

A K Murilhi was ch', tvd a Frlh'l%A titi Rolval 
, i ros opi A]So, zutv, 1K 

I,. Ntenat tiherii-tli the Dr N Prs,'sMmt orlei:r 


lxhtur it i l w So, itty
thit t" t theIndil1 
otMv, ,'I,'<anid 'latnt l',ithohrl Ihvie as tilt ( ilI'l 

(+;lt aruldlehiderked tie ( tu'nwtottIt Address at tile 
'onatMimi it theiltitt AorI tiltural 

I itStierr tI ar, i t' it,, trtie++ Airi
tht,' Lent~
I hvdt'hktre'd (;ITmn t lit,-urf tly 

sIponsoretiby the ( ai.idim mirdA iernt.rii
 
Phvtopat olgr,,il So, ett'" itthe Ilnterrattnal
 
(,'t r % Plint ]'t I i(
v IIIN oitrtt'.l, :,Id
 

Dr Nere wa ele', l'r.ideut oItihiSo, itv it
itt 
\ td 1,111 
1M4.1,w%\ admit ttiljsjr:I honorairv 
Iy loqyIr Lin~t P~atnlit .I !th pu r,l6llItha r 

Fct)w to the 
Ii,ll1ill PI' rt(Ctd thl'Si , It-tV1 thloov,.11id 

1 
Iidi t i t 'ult' It', iijf.tSot,o, ti h aid I )eve'hd 

A\ a rd lo r 10 1.1
 

I' V Van iras 'diithe' l'itaih ,n IPhosphate 
InI.t~tUt"Oi( J:arLad- hIIdmI ilroolmn (;,ldd~ ]IoJlr
 

Ili,, If",I'I hie",Oimig thi,' aol'
27th Annual ( ;tio11 

Pr.id AMrl,AI A idhra i' ltiur.il I tl1versit' 

tti lII (s:Sharm a t t' (ii t't Editorit tih I/dih 

lurnd ii i'litI' ml, t tinr lh I 04. 

S IISharm %i .iild the Rothmt 'sivd 
Intrit tltna] t'Il . hii 
K 11itsIIt;l \r. t' ', 'I I ft ll, 
.i...-mlA, d trw A~ S,wIl,I",,h i .\r1Idtull1 

I 'taid Si ghli ,,tim J S, tili, Ad\viser II1,... 
IIto flit- :, dtin forS t It, 

Sto k m .dhll 

1,111)" Ow r.,,M V K Skkt im ,,ri+oh' o!nd it Mrl, 

ti,duirili'st'.iri ior ,,it d I in Crop 

R P'Thakuir tc, fill, of1fli,I I:,'lh,\% A mvrrL.irn
 

lh\htho't h,1 , ,,it
 

M ."MVv~rnlamid hi(1ihh Kmuar %w.n I he 

Ottandin Rvh'+~ir, IhlPpt-tr. ,,\mdfrom flit, (:rop 
[Inlr*mpr S ,Iftvof I,idla 

S P'W.a'lli Ei tolt ,md,ofIh.ll'hI,netdtht,' h d li 

Imiu l rof i I( dz[* 
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Acronyms
 

ADB Asian Development Bank (Philippines)
 

AtDB African Development Bank (C6te d'Ivoire)
 

APAU Andhra Pradesh Agricultural University (India)
 

asl above sea level
 

AUA Alemaya University of Agriculture (Ethiopia)
 
BMZ Bundesministerium fir Wirtschaftliche und Entwickung Zusammenarbeit (Germany)
 
CDP Crop Diversification Programme (Bangladesh)
 
CEC Commission of the European Communities
 
CG [AR Consultative Group on International Agricultural Research (USA)
 
CIAT Centro Internacional de Agricultura Tropical (Colombia)
 

CIDA Canadian International Development Agency
 
CINIMYI Centro Internacional (It'
Mlejoramiento de Ma'iz y Trigo (Mexico) 
CIRAD Centre de (oop6ration internationale en recherche agronomique pour le d~veloppement (France) 
CLAIS Comisfon Latinoamericano de Investigadores en Sorgo (Guatemala) 
CL.AN Ceeals and Legumes Asia Network 

CRIDA Central Research Institute for IDryland Agriculture (India) 
EC European Community (Belgium) 
FAO Food and Agriculture Organization of the United Nations (Italy) 
GIS geographic information system 
GTZ Deutsche Gesellschaft ffir Technische Zusammenarbeit (Germany) 

IAC ICRISAT Asia Center (India) 
JAR Institute of Agricultural Research (Ethiopia and Nigeria) 

IARC( international agr;. ultural research center 
[BP'GR International Board for Plant Genetic Resources (Italy) 
ICAR Indian Council of Agricultural Research 

ICARIDA International Center for Agricultural Research in the Dry Areas (Syria) 
ICRAF international Centre for Research in Agroforestrv (Kenya) 
ICRISAT International Crops Research Institute for the Seni-Arid Tropics 
HRC International Development Research Centre (Canada) 
IER Institut d'hconomie rurale (Mali) 

IFAl) International Fund !or Agricultural Devlupmvnt (Italy) 
IFIX: International Fertilizer Development Center (USA) 
[[I[RI International Food Policy Research Institute (USA) 

IITA International Institute of Tropical Agriculture (Nigeria) 
ILCA International Livestock Centre for Africa (Lthiopia) 
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Acronyms
 

INERA Institut d'6tudes et de recherches agricoles, (Bturkina Faso) 

INTSORMIL USAID Title XII International Sorghum/Millet Collaborative Research Support Program (USA) 

IIIGRI International Plant Genetic Resources Institute (Italy) 

[I'M integrated pest management 

ISC ICRISAT Sahelian Center (Niger) 

ISPA Indo-Swiss Project Andhra (India) 

KARl Kenya Agricultural Research Institute 

LASH' Latin American Sorghum Improvement Program 

LGP length of growing period 

MTP Medium Term Plan 

NARS national agricultural research systems 

NGC non-governmental organization 

NORAGIC Norwegian Centre for Internaional Agricultural Development 

NRI Natural Resources Institute (UK) 

ODA Overseas Develcpment Administration (UK) 

OAU Organization of African Unity (Ethiopia) 

ORSTOM Institut frangais de recherche scientifique pour le dveloppement en coop6ration (France)
 

QDt1I Queensland Department of Primary Industries (Australia)
 

ROCAFREMI Rc'seau oest et centre africain de recherche sur le mil (Niger)
 

SACCAR Southern African Centre for Cooperation in Agricultural Research (Botswana)
 

SADC Southern African Development Community (Botswana)
 

SAFGRAD Semi-Arid Food Grain Research and Development (Nigeria)
 

SAT semi-arid tropics
 

SATCRIS Semi-Arid Tropical Crops Information Service
 

SCRI Scottish Crop Research Institute (UK)
 

SDI selective dissemination of information
 

SMII, Sorghum and Millet Improvement Program (Zimbabwe)
 

SWRARIP South West Region Agricultural Rehabilitation Project (Uganda)
 

TAC Technical Advisory Committee of the CGIAR (Italy)
 

UN United Nations
 

UNDI' United Nations Development Programme (LISA)
 

UNEI' United Nations Environment Programle (Kenya)
 

Unesco United Nations Educational, Scientific, and Cultural Organization (France)
 

USAID United States Agency for International Development
 

WANA West Asia North Africa
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Western and Central Africa 
Regional Program 
Headquarters 
ICRISAT Sahelian Center (ISC) 

BP 12404 

Niamey,Niger, 

Tel +227 722529, 722626 
Fax 227 734329 
Tele, 5560 !CRISAT NI or 

5406 ICRISAT NI 
E mail 
Internet ICRISATSC@ CGNET.COM 
Dialcom 31057:CGN6400 

IITA Office, Sabo Bakin Zuwo Road 
PMtB 3491 
Kano, Nigeria 
Tel +234 64 662050 
Fax +234 64 669051 
Telex 77444 KAN IT NG 
E-mail 
Internet ICRISAT-W-Nigeria @ CGNET.COM 
Dialcom 31057:C(;N6OS4 

'320 
Slamako, Mali 
Tel +223 223375, 227707 
Fax +223 228683 
Telex ICRISAT 2681 Mi 
E-mail 
Internet ICRISAT- w'-Mali@ CGNET.COM 
Dialcom 31057:C:(;N5920 

Southern and Eastern Africa 
Regional Program 
Headquarters 
Matopos Research Station 

Po Box 776 


-Bulawayo, Zimbabwe 
Tel +263 83 8311 to 8314 
Fax +263 83 8253 

+262 9 41652 

Telex 50581 ICISAD ZV 

E-mail 

Internet ICRISATZW@ CGNET.COM 
Dialcom 157:CGI222 
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