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ICRiSAT's Mandate 

* Serve as a world center for the improvement of grain yieid and 
quality of sorghum, millets, chickpea, pigeonpea, and groundnut and 
act as a world repository for the genetic resources of these crops. 

o Develop improved fhrming systems that will help to increase and 

I 
'"FT 

stabilize agricultural production through more effective use of 
natural and human resources in the seasonally dry semi-arid tropics. 

,, 
e Identify constraints to agricultural development in the semi-arid 

tropics and evaluate raeans of alleviating them through 

technological and institutional changes. 

* Assist in the development and transfer of technology to the 
_-. ".farmer through cooperation with national and regional research 

programs, and by sponsoring workshops and conferences, 
operating training programs, and assisting extension activities. 
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Report from the Chairman and Director General i
 

1992 was a significant year for 
ICRISAT. Our 20th Anniversary' 
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was celebrated in many ways at p , . . " 

many locations, and in the pro 
cess we looked back and took " 

stock of ICRISAT'%s past achieve

ments. [lowever, 1992 was also 

a year in which we gave much X, 
attention to looking forward. An 

innovative and analvtic process 

was used, involving all of the 

."t 

i 
Institute's scientists, to develop 

a Medium Term Plan for the 

Institute's activities to 1998. At 

the same time, we continued 

with our ongoing research, and ....... ... . . . . . .. 

we continued to communicate 

with those for whose benefit our research is targeted. 

The celebrations of the 20th Anniversary took several forms. At ICRISAT Center 

the foyer received a facelift, 50 posters were produced and a photographic record of 

the Institute's history was mounted and displayed. Children of our staff throughout 

the SAT painted wonderful pictures, and the festivities 'went to our heads' in bright 

yellow caps. We published a record of our first 20 years in English and French and 

included it as a supplement to our 1991 ICRISAT Report. On a more serious note we 

held a Panel Discussion on 'Sustainability and the environment in the semi-arid trop

ics: food production in the future' moderated by our new Governing Board Chair

man, Professor Eric Roberts. The highlight of the celebrations was the visit of the 

Prime Minister of India, His Excellency P V Narasimha Rao. Paying a return visit

he was present when our foundation stone was laid in January 1975-the Prime 

Minister extended the full support and cooperation of the Government of India to 

ICRISAT. 

The ICRISAT Sahelian Center, in Niamey, Niger, celebrated the 20th Anniversary 

with three open houses: for government officials, sponsors, donors, and diplomats, 

including Niger's Minister for communication Mr Albert Wright; for the general pub

lic; and for farmers. 

At the SADC/ICRISAT facilities at Matopos, Zimbabwe, the occasion was cele

brated by a visit from the Minister for Lands, Agriculture, and Water Development, 

. , 

I 
"
 

V"\ I 

(77 



Report from the Chairman and Director General
 

Mr Kunbirai Kangai, who opened an Early Childhood Center built by !CRISAT for the 

Matopos community. He was presented with a ch.ck for Zim$ 11 350, contributed 

by ICRISAT staff members, as well as 330 20-kg bags of sorghum, millet,and maize 

harvested from ICRISAT experiments for Zimbabwe's National Drought Relief Fund. 

The Anniversary was also celebrated by ICRISAT staff working in Mali, Mexico, 

and Nigeria. Speaking at the celebration in Kenya, Dr W.N. Masiga, of the Organiza

tion for African Unity, stressed the importance of 1CRISAT's presence in Kenya and 

'- .- the confidence it generates amongst Kenya's national scientists. 
This year saw several changes in our management team and in the membership of 

." ". our Governing Board, and there was a particular note of sadness as we said goodbye 

to Bill Mashler, who retired from the Chairmanship of the Governing Board in 

March. His energetic service as a Member of the Governing Board since 1985, and as 

its Chairman since 1989, has characterized his long relationship with ICRISAT. Bill's 

enthusiasm has a way of rubbing off on all around him. Never satisfied with whatever 

we managed to achieve, he exhorted us to do more. To quote from his farewell 

,': .speech. ''While we have justifiable reason to be proud, we should look ahead and 

.> address ourselves to the future. We cannot tolerate hunger in our midst when the 

.. means are available for its elimination.'' 

Bill left us with a fitting memorial. He presented the Institute with a gift-the 

" . Doreen Margaret Mashler Distinguished Scientific Achievement Award, an endow-

S " - - ment in memory of his wife. Its purpose is 'to provide recognition of outstanding sci
entific achievements in the biological or social sciences contributing to ICRISAT's 

" " mandate, to encourage scientific excellence among the research staff, to reward cre-
Sahelian Iarmer, ative scientific endeavor, and to create a perpetual memorial'. 

It is to the Institute's credit that it can rise to the occasion when there is a crisis. 

The extreme drought that hit southern Africa presented a real challenge. Our scientists 

met this challenge with some highly appropriate responses, from rescuing endangered 

genetic resources, to providing emergency relief to the hungry, and producing vital seed 

material in the dry season to help the region's farmers start again once the rains came. 

ICRISAT recognizes a requirement to assess the impact of our work to guide the 

direction of our activities, to evaluate the results of our programs, and to enable us to 

be fully accountable to our donors. New priorities for our economists reflect this, and 

their findings will be integrated into our future research strategies. 

ICRISAT's Governing Board, at its meeting in March, ratified the merger of two 

networks; the Asian Grain Legumes Network and the Cooperative Cereals Research 

Network to form the Cereals and Legumes Asia Network (CLAN). The two former 

networks provided assistance to national programs in Asia in the exchange of germ
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. Report from the Chairman and Dir9ctor General
 

plasrn, breeding material, information and technology, and also in training technicians 

and scientists. When administrators of these national programs indicated their prefer-

Ciie for working with a single network for all ICRISAT mandate crops, CIAN was 

created. 

Recognition of the role played by women in agricultural development is growing, 

and ICRISAT is not alone in starting programs that will better respond to the needs of 

women, and to their place in tile evolution and adoption of relevant technologies. In 

September, ICRISAT held its first Women Farmers' Day. The event was an unqual
ified success. It unquestionably made an impact on these important, frequently 
neglected, agricultural decision makers. But the impact of these farmers on ICRISAT 

was equally important. Their probing questions and unhesitating response to 

our scientists' queries wvill help us define tile nature and direction of fiture 

research projects. 

Our reswarch efforts are not conducted in isolation-indeed the' would 
not be possibh without the continued effort of our many collaborators, from 

the national programs, universities, mentor institutions, sister CG Centers, 

and the private sector. This year's sorghum and millet field day at ICRISAT 

Center was specifically planned for private and public sector seed producers. 

\Ve recognise tile vital role they play in ensuring that the products of our 
research reach the farmers; equally, we appreciate the feedback they can 

provide by telling our scientists their perceptions of what the fiarrners really 

want. 

The increasing competence of national programs, and the better defined 

need s of farmers are reflected in the changes in our breeding programs as 

exemplified by our work on pearl millet in Rajasthan. It was opportune that 

many members of our Governing Board were able to stay in India after the 

20th Anniversary celebrations to join our collaborators on a visit to 

Rajasthan. There they met farmers and heard first hand of ICRISAT's efforts 

to develop pearl millet cultivars tailored to the needs of that particularly arid 

region. 

The Asian Development Bank financed a collaborative project with the Depart

ment of Agriculture in Sri Lanka to promote pigeonpea cultivation in the dry areas of' 

that country. We were equally pleased that the African Development Bank is funding 

a new project to promote wider cultivation and use of pigeonpea in eastern and 
southern Africa. This demonstrates considerable interest in pigeonpea, and wve look 

forward to pigeonpea's contribution to sustainable dryland agriculture with the wel

come involvement of national programs. 
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Report from the Chairman and Director General i 

The increasing capabilities of the national programs are well demonstrated b the 

handing over in November to Zimbabwe of all the forage breeding material 

relating to research conducted at the SADC/ICRISAT Sorghum and Millets Improve

ment Program since 1987 to the Government of Zimbabwe. The material included 

surghum, pearl millet, legumes, grasses, and browse species. Dr Tim Smith, I lead o)" 

the Matopos Research Station, 3,,partment of Research and Specialist Services, in 

accepting the material affirmed that the work begun by tile SADC/ICRISAT staff will 

be carried on with the same enthusiasm by Zimbabwean scientists. 

At the other end of the scale we proved our ability to help an emerging national 

program b\ starting a project to build an effective research and extension system in 

northern Namibia. A functional breeding program for pearl millet and sorghum has 

already been established and about 60 tons of seed of pearl millet Okashana I were 

produced in 1992-enough to benefit 30 000 Namibian farmers. 

Net core funding in 1992 amounted to US$ 27.3 million. This represented a 

decrease of 7.3% from 1991 and led to significant reductions in staff and operations. 

Indications from the CGIAR are that 1993 core funding will be reduced from that for 

1992. Despite this redtiction in funding several new programs were started, and many 

established programs regained impetus with a change in emphasis. Notwithstanding 

the retrospection engendered by our 20th Anniversary events, 1992 was essentially a 

year in which we prepared ourselves to become more effective in a changing future 

environment. \Ve laid the groundwork for more multidisciplinary approaches to 

address the complex problems besetting the search fc; .enuinely sustainable agri

cultural growth throughout the marginal lands of the semi-arid tropics. The entire 

Institute contributed to the development of an optimum portfolio of research themes 

identified in our Medium Term Plan. We are most grateful for the past support of 

our donors and sponsors: our future impact is dependant on their continued support 

to the extent indicated in our Plan. 

E H Roberts J G Ryon
 

Chairman, Governing Board Director General
 



ICRISAT Governing Board 1992
 

William T Mashler bISA. Chairman K V Natarajan, /ncim (until June) Max N Birrell, Austrolica 
(until March) Chief Secretary to the Government Birrell Management (Austraha) Pty. Ltd. 

3 \Vashington Square Apt I C of Andhra Pradesh Level 21, Grenfell Centre 
Iart hmont, NY 10538 Secretariat 25 Grenfell Street 

(!SA Hyderabad 50001)22 Adelaide, South Australia 
India (Ex-officio) Australia 5000 

Eric H Roberts U, Chairman 
(fromn March) D Aurora, India (from July) Pierre LDubreuil. Fronce 

Prolessor of Crop Production Chief Secretary to the Government Director for External Relations 
Department of Agriculture of Andhra Pradesh Centre de cooperation 
University of Reading Secretariat internationale en recherche 
Parley Gate, Reading RG6 2AT Hyderabad 500 022 agronomique pour le 
England India (Ex-officio) d&eloppement (CIRAD) 

42, rue Scheffer 
V L Chopra, ir~t;. 75116 Paris 

Vice Chairman Jos6 Crespo Ascen:o, Brazil France 

Director General, Indian Council of Executive Director 
Agricultural Research (ICAR) and R and D Consultants Lydia Makhjbu, Swaziland (until March) 
Sek retary to the Government of India Shin Q1 13-06-16 Vice Chancellor 

Department of Agricultural Research PO Box 02-0)31)7 University of Swaziland 
and Education 71500 Brasilia, D. F. Manzini 

Knsh Bhavan Brazil Swaziland 

New Delhi 110 001 
India (Ex.officio) 

Arthur A Gui. ,d, Canada (from April) Roberta H Smith USA 

James G Ryan, Austraha 
3727 Balfour Street 
Saskatoon, Sask 

Eugene Butler Professor 
Department of Soil and Crop 

Director GenerJ, ICRISAT Canada S7h 3Z5 Sciences 
Patancheru 512 324 Texas A&M University 
Andhra Pradesh College Station 
India (Ex-officio) Stein W Bie, Nons'oy Texas 77843 

Director USA 

RC Kapila Indto (until July) Agricultural University of Norway 

Secretary to the Government of India Norwegian Centre for International Akira Tanaka, hion 
Ministrv of Agriculture Agricultural Development (NORAGRIC) 2 Jo-17-3-18 Miyanomori 
Krslu Bhavan PO Box 2 Chuoku 
New Delhi II0 001 N-1432 Aas-NLH Sapporo 
India (Ex.officio) Norway 064 Japan 

M S Gill, Incl (from August) M Zaki Azam. Pakistan Mamadou FTraor6. Mali 
Secretan, to the Government of India Suite 219, 2nd Floor Conseiller Technique 
Ministry of Agrictilture Clifton Centre Minist're de I'Agriculture 
Krishu Bhavan Block 5, Clifton B.P. 61 
New Delhi 110 001 Karachi Bamako 
India Pakistan Mali 



i ICRISAT's Crops
 

Sorghum Sorghum bicolor it,)\'h ii 

sorghum Is ;113'or staple In the diets oh the pcoplc of 
Iie st i-aild tropics (SAT), it is grown on over 40 f 

1illion }we tares, and isa hardy and depenIdahle crop that 
:Ilws well undciladverse .onditions. Sorghum grain is 
alused to tccd livestock and poultry, particularly in the 2 , A 

Am rit i,. Its stalks provide fodder, tkiel, sugar syrup, and 
hut1 Lun materials. ICRISAT works on sorghum at k 
R RISAT cnter, WASIP-Mali and Nigeria, EARCAL, J 

S\I)(RI(R1SAT SMIIP, and LASIP. " , . ,. 

77', 

'I' iPearl Millet Pennseum glaucu (L..)ir. 

•;t t 

The most widely cultivated millet in tht SAT, pear 
millet isgrown on an estimated 25 million hectares. It i. 
adapted to dry regions and sandy infertile soils whert 
rainfall is low and erratic, and can be successfulll 
cultivated in areas too dry for sorghum. The grain is used 
to make unleavened breads on the Indian subcontinent 
and gruel, dumplings, couscous, or beer in Africa. Pear 
millet is a good source of fresh and dried fodder foi 

livestock. ICRISAT works on pearl millet at ICRISAl 
Center, ICRISAT Sahelian Center, EARCAL, and 

SADC/ICRISAT SMIP. 

VAV 

Finger millet in grown in Africa and India in areas with 

900-!200 mm annual rainfall. It is rich in calcium and . 
iron, and is a basic food crop in the highlands of eastern 
and southern Africa. ICRISAT works on finger millet at *i'
 

SADC/ICRISAT SMIP and EARCAL. 
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ICRISAT's Crop 

Chickpea Cicr arielinum I. 

".•vcgutarian 

-4 
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-" 

' 
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A 
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('hi. kpt a is thc primar pulsc crop in South Asia whcrc 
is m important source of protein, partiLulrly in 

diets. The grain and haunls are used to IfCed 
livestock. Chickpea cultivation is 'xpanuding due to the 

1dclopment of cold-tolurant, discase-resistant 
genotypus. ICRISAT works on chickpea at ICRISAT 
Center, and with ICARDA in the \Vest Asia North Africa 
(\VANA) region. 

lmIL'mpca, lIkc (hi kpea, is predominantly a ( rop of 

S uth Asii. Its signiticancu as apulse crop is increasing in 
the Carihmcani and eastern Africa. It is used as a dried 1" 
pulsk ookd and caten in many forms, and as a fresh, ' J 

tWIIcn, protcin-rinh vegetable. Pigeonpea also provides .,".
 
fuagc, green manure, and fuelwood. ICRISAT works on ,".
 
pIMcgnpca at ICRISAT Center, EARCAL, and in special
 
proitc Is baistd in Malawi and Sri Lanka. ,.,
 

" ' " 1, 2 2,: 

Groundnut Aractis hypogaea I.. 
Groundnut is widely grown hetween latitudes 40'N and 

-10S and is the most important oils2ed of the SAT. It 
provides a high-quality cooking oil, a wide range of 

,\ \ confectionery prodcits, and is a major source of protein 
for both humans and animals. The haunlms are fed to

S.livestock, especially in the drier parts of tLe SAT. 

- Groundnuit is a cash crop for many resotirce-poor farmers;
it also provides much-needed foreign exchange to semiarid tropi,'il countries when sold in the international 

- market. ICRISAT works on groundnut at ICRISAT Center, 
ICRISAT Sahelian Center, and the SADC/ICRISAT 

" " . Groundnut Project. 
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ICRISAT's Locations 

Latin American Sorghum Improvement Program (LASIP) ICRISAT Sahelian Center (ISC) Nigei 

West African Sorghum Improvement -
MaliProgram (WASIP) 

';I"r 1 ,> -" . . I 

West African Sorghum Improvement Nigeria 

Program (WASIP)"'--)/

8~ 

Namibif/ICRISAT Bilateral Project Namibia SADC/ICRISAT Sorghum and Millets Zimbabwe SADC/ICRISAT 

ImprovePent Program (SMIP) Groundnut Projec 



ICRISAT's Locations 

ICARDA/ICRISAT Chickpea Project Syria ICRISAT Cen!er India 

z. 

1*f 

Deportment of Agriciltur/ICRISAT 
Pigeonpea Production Project Sri Lanka 

IV 
LA 

Li 

Lgm Vor 1,1\RCA 

MalawiPigeonpea~~ ~ ~ ~ ~ ProjectEatrAfiaegolCrasan JointA KEthopaMawKey LA/A/AAICAMalwiPgeopeICRSA Pojet alai ena EstnAfrAAicaT JgontCertas Proec eopa 

Legumes (ERCLPrga 



i ICRISAT Center Organization 

Governing Board 
Chairman 

E H Roberts 

Director 
Director General General's 

JGr yan Office 

S Deputy 

___________--Director Generat 

Y L Neno 

Assistant Director Assistant Director 
General (Administration) General (Liaison) 

S P Anibiose P V Slenoi 

Information Management Executive Director Executive Director Finance Director 
and Exchnge Program Western African Programs Southern African Programs 

L K Mughogtio G F McGarrigleR P Eaglesfield C Renard 

Editorial Unit 
S D Hall 

Crop QalityAdministrative
Ro Qmunatty Services 

Library and R JaRunathan R S Aiyer 
Documentation 

Services 
L J Haravu -Genetic Resources Computer Services Intergovernmental 

M H Mfengesha J IN Estes d Relations
_[Public Awareness] -

EM McGaw Human Resource Housing and Food 
(acting) Development ServicesDelhiOffice 

S KrishnanD L Oswalt A R Paul 

=Pubication
Production 

S M Sinha_ Plant Quarantine __ Personnel Security 
A M Ghanekar P M Menon KKSood 

Visitors' Services 
D M Pawar {Farm Development Physical Plant 

- and Operations - Services 
D S Bisht D Subramaniam 

Donr RlatonsStatistics PucaeadAssistant Finance 
GunsekraK Vidyasagar Rao - upisMinager

oPRam Reddy S Sethuraman 

Tr a n p o rtSInleral Audit Electron 

S D Goode A K Murthi K Jagannadhar 

Planning Radio Isotope CLAN
 
B K Patel Laboratory
 C L L GowdaS Sivaramakrishnan 
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December 1992
 

Management Committee 

Program Director Program Director Program Director 
Cereai. Legumes Resource Management 
0 E Byth D McDonald K Harmsen 

Millet Breeding LASIP. Mexico I Chickpea Breeding ICARDNICRISAT -ropping Systems Joint vertisot 

__CT _ash 
C-- HsL Paul

(Agronom) j A 
vn 

hn Cckpea Project 
.r -- KLSivastva 

Sorghum Breeding
I-

Stenhous 
EARCAL, Kenya

S B King(Pathology) 
Groundnut 
BreedingS N Nigam Department otAgricultureJICRISAT 

[ 
__ 

A 
Agro itoyS M Virani 

Pigeonpea Project 

. 
Fr

Cell 
iology 
.. 

EARSAM 
S Z Mukruiu 
(Breeding) 

-

Pigeonpea 
Breeding

R P Ariyanayagam 

Sri Lanka 
Production 
Agronomy 

M M Anders 

Entomology I Cell Biology Economics 
K F Nwanze J P Moss T G Kelley 

Pathology 
F P Thakur 

Entomology Soil Physics 

(acting) J A Wightman K B Laryea 

Physiology 
FFR Bidinger iigrM 

- Pathotogy 
V Reddy(acting) 

Soil Chemistry
T J Rego(acting) 

Physiology Soil Biology 
C Johansen K K Lee 

Virology Unit 
D V R Reddy 
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Western Africa Programs Organization
 

Executive Director 
IWestern Africa Program[ CRenard 

_ Administration 

A M B Jagne 

_ normation Peart Millet Improvement Groundnut Improvement Resource Management 

R H Gottfied K Anand Kumar J H Williams M V K Sivakumar7| 
(Breeding) (Physiology) (Agroclimatology) 

1Farm Management 
Soil and WaterB.Gerard Breeding and Breeding 

Regional Trials Management 
S 00Okiror B R Nlare M C Klaj 

R D Stem Entomology Pathology Agronomy 

0 Youm F WallyAr S V R Shetty 

Finance Pathology I Soil ScienceFinance DE HessJBrue 

M S Diolombi rS J C Weber -

Housing and Food Agronomy L r 

Services W A Payne r AnJicmwaldcinc 
Ai SieneP Falzon Mowel 

Physical ~Genetics - Jaidu-ForsonPhsicPatt_ (RenoM IC)mc 
Services

Sr upta ( Soil ChemistryA R Dos GuptaABton (ORSTOM) 

seso 
L Cis

L 

(Economics) (Entomology) 

SAFGRADIICRISAT Agronomy AdiitainBreeding Administration 
Coordination (CIRAD) R Vaidyanathan OS Murty A Banerji 
M 0 Thomas 
(Pathology)
 

Stria Agronomy Agronomy
 

Breeding G Hottfjan g TabyR Tbo
 
SN Lohani 
 (CIRAD) 

Entomology 
A Ratnadass 

(CIRAD) 

2Breeding 

C Luce 

12 (CtRAD) 



SSouthern Africa Programs Organization
 

Executive Director 
_SouthernAfrica Programs 

L K Mughogho J Drought Relief Emergency 

Seed Production 
L R House 

Administration 

A Schulz 

Human Resource 
Development 
L Tendengu 

SADC/ICRISAT
Sorghum and Miltets 

Improvement Program 

Information 
Management and 

Exchange Cereals Improvement Resource Management / Farm and Physical 

A B Obilana D D Rohrbach Plant Services 
(Sorghum Breeding)

" Pearl Millcl: 
(Economics) N S Katuli 

gonm 

PerMltAgronomy.
Breeding&f0 

E S Monyo 
aNM Osmanzai 

FarmOperations 
N Mwafmuka 

Personnel 
-_ CoCro ultQuatil-y .i ro Ruatrarcnh 

Housing and Foqd M/Go J 
Services 

Entomology 
Purchase and K Leuschner 

Stores r 4 

Travel and Visitors' - Pathology 
Services 

G 

SADC/iCRISAT ICPISAT Pigaonpea Namtia/ICRSATI7 

Groundnut Project Mlawi Project Malawi Bilateral Project 
B Ndutguru (Agronomy) 

Admistration _ Breding Research Station 
AiukndeS TuafaDevelopment 

4 ._reeding 
G L Hildqbrand 

Pathology 

P Subrahlmnyam J 
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Financial Summary
 

Donor Contributions (Core and Complementary) 

African Development Bank (AfDB) 

Asian Development Bank (ADB) 

Australia 

Belgium 

Bundesminister ffir Wirtschaftliche Zusammenarbeit/ 
Deutsche Gesellschaft fur Technische 
Zusammenarbeit (BMZ/GTZ) Germany 

Canada/Canadian International Development Agency 
(CIDA)/International Development Research 
Centre (IDRC) 

European Economic Community (EEC) 

Finland 

France 

India 

International Fund for Agricultural Development 
(IFAD) 

Italy 

Japan 
Netherlands 

Nonvay 
Sweden 

Switzerland 

United Kingdom/Overseas Development 
Administration (ODA) 

United Nations Development Programme (UNDP) 

United States Agency for International Development 
(USAID) 

University of Hohenheim, Germany 

World Bank 

Other 

(US $ millions) 

1992 1991 

0.6 0.2 

0.4 0.6 

0.7 0.6 

0.2 0.2 

3.0 2.5 

3.2 2.7 

2.3 3.2 

0.2 1.1 

0.4 0.5 

0.1 0.1 

- 0.4 

0.4 0.4 

3.4 3.4 

0.5 1.1 

0.8 0.7 

0.9 0.8 

1.9 1.5 

1.6 1.7 

1.7 1.7 

8.1 8.8 
0.2 

3.9 2.8 

0.1 0.3 

Total 34.6 35.3 
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Financial Summary
 

Resource Allocations (Core and Complementary) 

Nwnl 14.84% 15.13% Ma~q-n 13.59% 18.02% e/eiao 

11.39Q,,o 11.30%7.3 

S.19.80% 16.96p7.62 

T El ttr,; G,,,i, Op)fithon To:hnolo ]y Exchanqe Generl I peaion 

Ad]Rnlnitr,flionr
Go*rwlfii General Admnsl,.t raio 

1992 1991 

Funding Balance Sheet 

40 
[ Core El Complementary 

Assets 

(US $ '000) 

1992 1991 

30 ....... 

Cash and short-term deposits 
Accounts receivable 
Inventories 
Prepaid expenses 

14 438 
7 204 

761 
354 

7 584 
12 394 

526 
327 

Fixed assets - net 50 726 52 419 

0 Total Assets 73483 73250 
........
20 . ......... 


( Liabii.ies
C/)
D Accounts payable and other 1 420 9 199 

Accrued salaries and benefits 3 836 3 508 
10 ........ Payments in advance from Donors 6054 2475 

In-trust funds 169 82 

Capital 
Undesignated 56 152 54 735 

0 Designated 5 852 3 251 
1992 1991 

lhe.dchi .in.rv trom I S$ 21)A millio l Total Liabilities and Capital 73 250t..hidi IS$ 273 million and in 73 483 
totIl hindm from I;S 35.3 milhon to ( I$5 3.6 million is compounded by the 
Iihis oiInf]ilion Audited financiil statvieiiint% ire .ivmiilale on request. 
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3 Highlights from ICRISAT 1992
 

This section provides highlights of the happenings and achievements of ICRiSAT during 1992. It 
is not intended to provide a full historical coverage. Rather, this sample of events and accom
plishients is selected to present an effective, and reasonablycomprehensive, digest of ICRISAT's 
twentieth full year. In general, related topics follow each otheras the selection of positive and 
vorthwvhile activities is covered, with nc implication of relative importance conveyed by the 
sequence. Annual Reports that provide details of the Institute's scientific achievements are avail
able from programs. 

Developing the Medium Term Plan 

A significant task for the year was the development of ICRISAT's Medium Term Plan 

(MTP) for 1994-98. This project was directed by a specially constituted MTP Task 

Force, but with the active involvement of all scientists across the Institute. It was 

determined that the Plan defining ICRISAT's agenda from 1994-98, should be the 
result of a decision-making process which: 

- had clear criteria for establishing choices; 

- was analytically rigorous, offering a consistent method for determining priorities; 
- was based on empirical and intuitive judgements from a knowledge base within 

ICRISAT and the National Agricultural Research Systems; and 

- was openly presented to and discussed among all the scientists. 

A first step was to define and delineate domains throughout which the relevance of 

specific research themes is expected to be pervasive. For each domain, data were 

gathered on crop production, crop losses per constraint, and potential yield and eco

nomic recovery through research. Data on poverty and illiteracy were gathered for 

each domain. 
From the many constraints identified, scientists selected 142 researchable topics, or 

research themes. For each research theme-generally encompassing several research 

domains-estimates were made of the economic value of successfld research, taking into 

account potential yield gains, research and adoption lags, and anticipated ceiling levels of 
adoption of the resultant technology options. Computed net benefits took estimated 

probabilities of success into account, plus potential spillover of benefits from other 

regions and synergistic effects by simultaneous resolution of two or more constraints. 

Research costs were based on scientist staff requirements and other associated costs. In 

turn, this led to a projected net benefit-cost ratio for each of the 142 potential research 

themes. Intermediate research products (e.g., screening techniques, research method

ologies, information) and milestones were also described-but not similarly valued. 

Left: ,I /iarer 
ha r eti ,er.gpearl
millet c rop inzNiger. 17 
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Computed net benefit-cost ratios are necessarily based on data resulting from sci

entists' judgements. To ensure that tfie most realistic judgements prevailed, data for 

each theme was presented and debated in open session involving scientists across the 

Institute. Scientists from national systems also contributed to this data-refining 

process. 

From a number of possible quantitative/qualitative measures against which 

achievement of goals could be assessed, four criteria were selected as a basis for 

determining tile relative importance of each theme. The chosen criteria were effi

ciency, equity, internationality, and sustainability. Measures for these indices wvere, 

respectively; net benefit-cost ratio, numbers of' poor, and numbers of female illit

erates (to measure the impact on specific targeted groups), the Simpson Index of 

Diversity (as a measure of the degree of internationality), and a subjective I to 5 scale 

of sustainability (to measure impact on the natural resource base). Values were 

agreed upon (through more itorative debate) for each of these measures for each 

theme. 

A composite index was then computed incorporating all four criteria, with equal 

weights given to each. Themes were then ranked according to this composite index to 

generate a single list of prioritized research themes fbr the Institute. Scrutiny by man

agement, consolidation of' related themes across locations, identification of themes for 

complementary funding, and deletion of themes regarded as outside ICRISAT's 

domain, resulted in a portfolio of 92 ranked research themes for core funding. Subse

quent sensitivity analyses have confirmed the robustness of the prioritizing technique 

used. 

ICRISAT's draft MTP incorporates these 92 research themes, and identifies the 

funding level required for this research over the 1994-98 period. Should funding only 

be made available at a lower level, then the methodology provides valuable guidance 

regarding themes which would have to be dropped. Further, in a clear fashion, it 

identifies and quantifies the benefit streams which would have to be foregone and the 

milestones by which progress can be monitored and established. 

A Decision Support System for Research Evaluation 
and Impact Assessment 

1992 saw the establishment of a structured decision support system for research eval

uation and impact assessment. It involves systematic development of information 

generation procedures that will provide a quantitative assessment of research prior

ities and research impact. This will only be achieved through extensive collaboration 

with scientists working in national programs throughout the SAT. 
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We look forward to being able to present more fully substantiated accounts of the
 
impact of ICRISAT research in future ICRISAT Reports. Further, we anticipate having
 
a more aut,oritative basis for decision making on future research themes.
 

The Gender Program at ICRISAT 

ICRISAT's gender program was initiated in ,
 
late 1991 when an economist was given the . .
 

task of incorporating gender analysis into
 

ICRISAT's research. This program embraces -'.. .
 
an important goal of the CC1AR system, pro

moting efficiency and gender equity to effect
 
progress in agricultural development. / .
rt-

A late-1991 working group concluded thait ~
 
"
ICRISAT's gender program should focus on ., , .• 

impact of new agricultural technology on both v. 
men and women, and on their differing roles Responsibilitiesfor some Jartring-householdtasks 
in the practical implementation of these are gender-specific. 

technologies. 

Collaborative research between ICRISAT and the Central Research Institute for 
Dryland Agriculture aims to analyze the effects of SAT technologies on the roles and 
responsibilities of women and men members of varying groups of farm households in 
India. The information to be gathered will be used to quantify the significance of gen

der as a socio-economic variable in ICRISAT's research in India. 

First Women Farmers Day at ICRISAT Center 

Over the years, ICRISAT has organized many Farmers Days, but in September 1992, 
for the first time, a Farmers Day especially for women farmers was held at ICRISAT 

Center. The arrangements allowed participaints to directly observe a range of avail
able technologies, and gave ICRISAT researchers an opportunity to get to know 
women farmers' preferences, problems, and opportunities through discussion groups. 

The 800 women farmers who participated were delighted to have the opportunity 
to see the extent to which yields can be enhanced through the use of improved culti
vars and better management. The farmers showed particular interest in farm machin

ery and equipment on display, and in technologies that reduce drudgery in the fields. 

They were keen to understand and acquire the deqigns of low-cost equipment for 
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4 

Women farmersfrom Anzdhra P'radesh isitigdemnstrationplots /'neu,o grountdnut aretiesat 

I('RISAT Center. 

weeding, threshing, and processing pigeonpea. Interest was shown in groundnutt/stin

flower and cotton-based intercrops. Several new cultivars in demonstration plots 

attracted cons: .erable attention, both in the field, and during a taste-panel evalation 

of foods made from improved varieties. 

Many of the farmers' questions were related to various abiotic and biotic constraints 

and their alleviation. CRISAT scientists suggested possible remedial measures includ

ing the use of resistant cultivars, and crop management and plant protection mea

sures. The farmers said they would like to participate in a short training course in 

pest and disease management. 
Several follow-up actions are planned. These include an evaluation of the perfor

mance of seeds that were distributed to the participants together with leaflets (in the 

relevant local languages) that explain how better to grow these seeds. 

The day was a memorable one for ICRISAT staff who participated, and for the visi

tors who paid such close attention to everything that was said and shown to them. 

Their comments and requests will help ensure the relevance of futre research. 

Developing Alternative Indicators of 

Food and Nutrition Security in the Indian SAT 

Food security (defined as access to sufficient food for all people to ensure a healthy 

and productive life) is often taken as a measure of rural welfare. However, determin
security' throughtield research is an expensive and time

ing an actual value for 'food 

consuming process. The determination of sch 'traditional' indicators of food security 
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as household income or individual dietary intakes, involves considerable resources and 
efforts in collecting data frnm detailed household surveys and analyzing these data.
 

There is a need to find alternative and accurate indicators that are quick, inexpensive,
 

and relatively simple to analyze.
 

The search is on in a collaborative project, now in its second year, that involves
 

ICRISAT, the Rockefeller Foundation, the International Food Policy Research
 

Institute (IFPRI), Andhra Pradesh Agricultural University, the National
 

Institute of Nutrition, I lyderabad, individual scientists from Johns Hopkins
 

University, and the National Institute for Mental Health and Neuroscience,
 

Bangalore. Their work involves field testing and documenting the validity - -----------

and reliability of alternative indicators of food and nutrition security in the -( . 

Indian SAT. 

Economic, nutritional, and biochemical data are currently being collect- " . 

ed in four villages. Quantitative and qualitative results should be available 

by early 1994. Companion studies bY IFPRI are in progress in Malavi, j" 

Kenya, and Mali. The end results of all these studies will be synthesized and - . 

compared. This synthesis of information will eventually provide an under- /
standing of the general applicability, and hence global usefulness, of the 

proposed indicators. 

As an adjunct to this work the health and nutritional status of such vul- -.. -.. 

nerable groups as women and pre-school children in villages where ICRISAT 

has conducted studies for many years is being re-evaluated, to provide a - .- _ 

'benchmark' statement on the nutritional status of such groups. This bench- . . 

mark can be compared with internationally :ecognized earlier studies, and will Collecting data from the villagers in 
allow ICRISAT to understand how niral .velfare has changed over the years. Kandi, Andhra Pradesh, India. 

Economics of Soil and Water Conservation 

Soil and water conservation (SWC) is an important component of improved dryland 

agricultural practices in the SAT. Appropriate conservation measures help to retain 

moisture and nutrients needed for plant growth. They promote sustainability by 

reducing the land degradation resulting from soil erosion. Over 10 billion rupees 

(approx. US$ I billion) has been spent in India in the development of SWC practices, 

but, in general, they have not been adopted by farmers. 

In collaboration with Winrock International and the Indian national program, a project 
is attempting to discover why farmers reject recommended practices, and why some 

farmers adopt indigenous measures independently of special SWC programs in the 
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Constructing stone contour bunds to retain valuabel 

Indian SAT. The hypothesis to be tested in 

" tile study is that farmers are aware of ero

.' sion, but that recommended practices do not 

. , suit their needs. 

lTheprimary clients of this study are 

7 researchers who can design more suitable 

technologies given information on the ratio

. nale by whi h farmers accept some practices 
S- -but reject others, and development program 

I administrators who can design more cost

effective extension approaches if they 

surface soil and conserve ,moisturein Karnataka,India. 	 understand the circumstances under which 

different types of farmers invest in SWC. 

Saving the Genes 

During the 1991/92 growing season, southern Africa was gripped by the worst drought of 

the century. Whilst the people were reeling under the drought, there was also a risk of 

massive loss of biodiversity in the region. If timely steps were not taken, traditional 

landrace varieties of crop plants could be lost. 

A germplasm collection mission, sponsored 

by the Asian Development Bank and ICRISAT, 

/covering Namibia, Zambia, and Zimbabwe was 

// launched jointly by ICRISAT Center, the 

jSouthern Africa Development Community 

(SADC)/ICRISAT Sorghum and Millets 

. Ai.Improvement Program(SM I P) based at 

I : Matopos, Zimbabwe, the SADC Regional 

t ' Gene Bank (SRGB), in Zambia, and the 

t national programs of the three countries The 
_ 	 collection team worked for 6 weeks starting in 

J " early April, covering areas not previously 
_ explored, and salvaged germplasm from 

drought-affected areas for conervation and 
(Colhcting cerealgertnplasm in drought-strickenN etibia. future use. 

The rescue mission was successful. A total of 128 cultivated and 17 wild and inter

mediate pearl millets, 67 cultivated sorghums, 7 wild and ;ntermediate sorghums, and 
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17 cultivated and I wild finger millets were collected. Sixty-nine samples of culti
vated groundnuts were also collected. Sets of the collected seed samples were pro

vided to tile national programs in all three countries, to SADC/ICRISAT Sorghum and 

Millets Improvement Program (SMIP), and to the SRGB. 

At ICRISAT Center the collected germplasm is being evaluated for a range of char

acters including drought tolerance, disease resistance, yield, and seed quality. All the 

collected material is being conserved in ICRISAT gene bank, and is available for 

research and as an insurance against any future loss of material in tile SADC region. 

Turning Disaster into Opportunity 

In February 1992, because of the severe drought it was clear that southern Africa fac

ed a disaster situation. Food would have to be imported and, equally important, the 

availability of seed for sowing after the drought was going to be a serious problem. 

Scientists of SADC/ICRISAT SMIP realized the seriousness of this problem and 

conceived an innovative project which combined the tactical production and distribu

tion of seed to farmers with the strategic opportunity to achieve broad adoption of 

improved cultivars in the region. 

An arrangement was made with the farmer-owned Zimbabwe Seed Co-operative 

to produce sufficient seed of PMV 2, Zimbabwe's recently released pearl miliet vari

ety that was developed in collaboration with SMIP, to sow over 25% of the pearl mil

let hectarage in that country. 

The United States Agency for International Development (USAID), principal 

donor for the project, asked SMIP to determine the seed requirements of other 

southern African countries. Malawi, Namibia, and Zambia asked for seed and ulti

mately, six varieties were selected; three pearl millets and three sorghums. 

Tile Gwembi Valley Development Company of Zambia agreed to lease nearly 

1000 hectares with irrigation support on the shore of Lake Kariba. Another 200 hec

tares in Malawi's Shire Valley were made available by the Malawi Department of 

Agricultural Research, but due to low water levels in the valley's rivers and streams, 

only 30% of the Shire Valley area could be sown, and for want of water, yields were 

so low that only II tons of seed were produced there. 

USAID provided funding in Malawi, Namibia, and Zimbabwe. The Government 

of Zambia, with USAID assistance, supported the project in Zambia. The Cana

dian International Development Agency provided operational costs for all four 

countries. 
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j j 

I"J - I- - - . . 

.~-7.-4 -. - / " -,: " ' " -' '' : 

I )igging a c hannel /'roml Lake Kariba t) n;a:ewatt'? available tor vital s'edproductionp in Zanbia'

Despite the prolonged drought, over 930I tons of seed (743 tons of sorghum, 178 

tons of millet) were produced from the Gwembi Valley site. The seed was processed 

and distributed to farmers in the three countries. As a result farmers in drought

afflicted areas should be able to harvest over 150 000 hectares of improved sorghum 

and pearl millet at the end of the 1992/93 season. 

The drought has passed, the rains have come. The new season promises to be a 

bountiful one. Thousands of farmers in the region have been provided with at, oppor

tunity for a fresh start. Increasing the availability of basic food in places where food 

security is at risk is a fundamental challenge for international development agencies. 

This story is a splendid example of positive response to a crisis situation through 

practical collaboration between national programs, donor agencies, private industry, 

and SADC/ICRISAT SMIP. 

SADC Sorghum Hybrids Do Well in the Drought 

Over the past few years the comparative advantage of sorghum hybrids over open

pollinated varieties has been monitored by SADC/ICRISAT SMIP scientists. In 

1991/92 they compared the agronomic performance of 28 sorghum genotypes: 5 local 

varieties, II improved varieties, and 12 hybrids from the national sorghum breeding 
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programs in Botswana, Zambia, and Zim
babve. The materials were grown tinder two "
 

soil-moisture regimes..'
 

During a season that was seriously affected k
 
by the drought that hit southern Africa, the - "'1
 

superiority of sorghum hybrids over the open
 

pollinated varieties was confirmed. The 12 : '
 
sorghum hybrids produced 21% more grain , J
 
yield than tile II improved varieties when irri

gated, and 36% more grain yield when rain
fed. The hybrids had a photosynthetic rate 1V. '
 

22% higher when irrigated, and when rainfed ' -. /
 
their rate was 8% higher than that of the A faIrmer in Zi,,babwe in her sorlghum crop that produced
 
open-pollinated varieties. well hspite the drought.
 

Mexican Farmers Score with Sorghum 

Two years ago ICRISAT's Latin American Sorghum Improvement Program (LASIP) 
entered into an agreement with tile Farmer Credit Section of the Bank of Mexico to 
support a collaborative project to develop new cultivars for use by farmers in tile 
south central state of Morelos. At the time of tile project's 

inception, the 35 000 hectares of cultivated sorghum in 

Morelos consisted entirely of imported hybrids, but both 
the seeds and tile chemicals required to grow them were 

too expensive for thle average farmer. -

Phase I of the project consisted of testing new crosses of . ' 

sorghum in farmers' fields without using irrigation or expen

sive chemicals. This work resulted in tile selection of four \ i 
ICRISAT-bred varieties, which the farmers named 
Mapaztlgn, Morelos, Xalostoc, and Zapata. In large on-farm " 

tests tinder similar conditions, they proved superior in adap- I,IN 
tation to tropical conditions and higher-yielding than the .:X Y I 
imported hybrids. AA 

During Phase 11in 1992 farmers sowed the four A .\h.xicanifrm'r with a shutlu rrieiy 

varieties on 400 ha of nonirrigated farmland. This time that outYielded i,nported hvlrids. 
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they produced twice tile yield of the imported hybrids. Xalostoc, for example, yield

ed well over 9 t/ha compared to the 3.5 t yielded by the hybrid. Significantly, the 

ICRISAT varieties were free from leaf diseases while the hybrids were heavily 

infested. 

The Bank of Mexico has approved funding for Phase Ill in 1993, when the seed 

will be multiplied to enable farmers to sow 1800 hectares during the summer crop 

cycle. Caudillo del Stir, the farmer group that has now taken over the project from 

the LASIP scientists, has fully accepted the new varieties. 

Quality Counts 

Many factors influence adoption of new varieties by farmers, and they vary considera

bly in different environments. Two important factors are post-harvest characteristics 

and consumer preference. 

In collaboration with food technol

;i* Iogy scientists from Mali's Institut 

d'conomie rurale, members of 

ICRISAT's West African Sorghum 

... Improvement Program (WASIP) 

Srecently conducted tests involving a 

number of farmers in three Malian 

- . villages. The evaluation compared the 

dehulling, milling, and food qualities of 
' ,. i i four \VAS IP-introduced sorghum vari

- .. . .e eties with those of a local cultivar. 

v g~-~- :I wIo of the introduced vai ieties that 
. were bred by ICRISAT were found to 

combine acceptable processing and 

food qualities. These two varieties will 

Vil/a gers in Ala/i 'ailingto evaluate the lod qlualitiesof be further screened by WASIP to 
introducedsorghum 'arieties. increase their chances of being more 

widely adopted in western Africa. 

In southern Africa, an evaluation was made of the grain quality of 82 cultivars of 

advanced, pre-released, and released sorghums, tested in two seasons (1989/90 and 

1990/91) and in nine SADC countries. Twelve physical parameters were used to char

acterize grain quality. Using a matrix of these quality parameters it was possible to 

make selections for such specific end uses as milling or brewing. 
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The evaluation data show that white and 

red-grained sorghtims have superior milling 

properties to brown-grained sorghums, 

which have significantly lower kernel weights, 

softer endosperm, lower grain density, 

higher water absorption, and darker llour. 

Brown-grained sorghums, however, are more 

suitable for malting and/or brewing than 
white-grained varieties. 

Screening 120 improved sorghum hybrids 

developed by SMIP, and the Zambian and 

Zimbabwean national program , revealed a Sc reeningsorghion hybrids tit ,\atopos,Zimbabwve. 
wide rarge of genetic variability in malting 

quality. The tests confirmed that colored

grained types were superior to those with white grains, 

While differences between brown- and red-grained types 

,.\ere not significant. 

Good News in the Fight Against Grain Molds 

' Preharvest weathering damage in sorghum can result in sub- '
 

stantial losses due to grain mold caused by a number of fungi. i)
 

Grain mold resistance is available in colored-grained sorghums, ! \ '
 
but, until recently, there has been limited success in identify
ing resistance in white-grained sorghums.
 

ICRISAT scientists have developed a new two-stage screen
ing technique that involves a rapid, inexpensive laboratory qy 

screening, followed by a field evaluation. Laboratory screening 
involves inoculating seeds with the spores of three grain mold 

fungi, transferring inoculated seeds to pre-sterilized humidity 
chambers, and incubating them for 5-6 days. At ICRISAT Cen

ter when 66 photoperiod-sensitive, white-grained sorghum m 

accessions from 7 countries were tested, 14 lines showed mod
crate to high degrees of grain mold resistance to three major , c in 

grain mold pathogens. Seedlings of the 14 resistant genotypes sources of'genes for resistaince to 

were transplanted into pots, and induced to flower 21 days grain inlds. 
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later by manipulating the amount of daylight they received. 

. . When the panicles emerged, the pots were moved to the 

g grain mold nursery in the field where high humidity was 

-imaintained using overhead sprinklers. The panicles were then 

S;.. inoculated with a mixture of spores of the three grain mold 

. I' , i fungi. Fifty-five days after inoculation, four entries had not 

{yI developed grain mold, and a further six were only moderately 

infected. This test showed that photoperiod-sensitive sor

ghums of the white-grained guinea type in-'ude sources of 

genes for resistance to grain molds. Using this technique, other 

accessions in the ICRISAT gene bank can he rapidly tested. 

. ) Identification and characterization of sources of resistance 
will provide the basis for breeding programs to introduce 

much-needed resistance into white-grained sorghum 

White-grain'dsorglhums are nore genotypes that have other desirable attributes. 
a/i't-ted by grain mold ttan 
cOlored-grained sorghums. 

X 

Increasing Adoption of Improved Sorghum Genotypes 

Adoption of improved sorghum hybrids and varieties in parts of the Indian SAT is 

often limited. There are many possible reasons for this. Some production-linked fac

tors include a preference by farmers for a different grain/fodder ratio; improved per

formance may require a package of improved variety and management inputs; hybrid 

seed is expensive and may not be available; and improved genotypes may be more 

susceptible to pest and disease attack under farmers' conditions. Effective design of 

crop improvement research requires an improved understanding of the factors influ

encing adoption by farmers. 

ICRISAT scientists are working together with the Indo-Swiss Livestock Project, a 

bilateral project with the Andhra Pradesh State Livestock Programme funded by the 

Swiss Government, in a rainy-season sorghum-growing area of Andhra Pradesh, India. 

The Project aims to determine sorghum farmers' preferences, the links between sor

ghum and livestock production, and to quantify sorghum management practices and 

identify production constraints. 
A group of farmers who farm in reasonably close proximity were each given one 

sorghum genotype to sow and manage in the same way they manage their traditional 
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genotypes. Farmers were interviewed before they received . . 

the seed and each project field was monitored fortnightly 'T ' 

during the growing season. At the end of each season the 4, 

improved varieties grown by the farmers were evaluated and 

compared to local cultivar production. 

Two seasons of on-farm trials are now complete, and nine 

sorghums have been evaluated. Two ICRISAT-bred varieties 

have been selected by farmers as being preferable to their tra

ditional sorghums; a multi-purpose grain type, which produces 

good fodder in marginal environments and has strong resis

tance to sorghum midge, and a grain type. In selecting these 

two varieties farmers explained that, although they prefer sor

ghum to rice straw for fodder, since adequate quantities of rice V -_-___ 

straw are available in the area, there is no strong demand for ,7An varielv grow'ing1RlSA.T-sIred seorliu 
i77(1 1raditi7710771. i,'d CI'tIf pi!ugsyst t'7. 

sorghum straw. The farmers preferred multi-purpose sorghums 

and in all cases the improved genotype selected by farmers outperformed the traditional 

genotype regardless of management level. All the farmers rejected hybrid seed as being 

expensive and hard to acquire. 

Seed of the selected sorghums will be distributed by the Indo-Swiss Project in 

large enough quantities in the study area to further assess the chances of adoption Sorghum fodder 

and impact. The on-farm trials will be extended to a postrainy-season sorghum-grow- on its ,11Y to 
rdes,ing area and an additional rainy-season area in 1993. Giving the farmers what they Anmar k 

have chosen themselves has a good chance of effectively increasing their productivity. India. 
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7 < Fodder Production and Agroforestry 

Animal husbandry is an important practice in 
I Ite drylands of the SAT, with success depen

dant on the regular availability of browsing 
W materials. However, the quantity and nutri

tional value of browse available to livestock 
N fare subject to unpredictable seasonal fluctua

g , tions. In addition, many woody species and 

S.a . .nnual/perennial grasses are unproductive 
a& ,throughout the long dry season, so green fod-

K. der is scarce for 7-9 months of every year. 

A major constraint to the adoption of 
Pearlmillet alley-cropped withlItai-itiia hIOt(LtI( pl. agroforestry systems in the SAT has been the 

competition between trees and annual crops 

for available resources. Two ways of managing interactions between trees and annual 

crops in agroforestry systems have been researched at ICRISAT Center. 'The first 

strategy showed that alley cropping pearl millet with Leucaena leucocephala was more 

productive and gave a better economic return than either pearl millet or Leucaena 

grown alone. 
In situations where subsistence farmers must gro-w food crops, an agroforestry sys

tem will only be acceptable if annual crop yields are not reduced by the perennial 

species. In conventional alley cropping systems, perennials often have a competitive 

advantage. The second research project at ICRISAT Center assessed adifferent man

agement strategy which shifts the advantage to the annual crop. Under this stragegy 

in a Leucaena-sorghum alley cropping system the Leucaena was cut to ground level 

Sorl,] n ale'Y-croplld uith .utaca It t tphaki. 
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just hefore the sorghum was sown. This alley-cropped sorghum then performed similarly 

to a sole crop of sorghum. The new system has the added advantage of flexibility. A 

farmer may decide not to cut the Leucena at the time the sorghum is harvested because 

the sorghum straw provides sufficient fodder at this time. Hlowever, the Leucaena still 

has the potential to provide two fodder harvests before the next rainy season. 

Improving the Role of Livestock 
in Millet-based Cropping Systems 
inthe Sahel 

In a major shift in semi-arid western African farming 

systems, livestock are increasingly seen as a tactical 

investment opportunity, and as a means of stabilizing 

food availability in marginal years for crop produc

tion. The application of animal manure sustains . " " 

yields in many cultivated areas, while crop residues, . -. ', ' • 

weeds, and browsing provide feed for livestock dur- . 

ing the 6-8 month dry season. However, the deple

tion of vegetative cover through grazing and/or ",_ 

harvesting crop residues to feed livestock leaves the , .,. 

soil bare and susceptible to wind erosion. Transfer of 
nutrients from rangeland in order to support crop Ov'ergrazingb' li'estot k renders Salielian .Soids 

production can impact on the longer-term viability 

of the integrated system. 

Preliminary results of a 1991/92 survey by International Live

stock Centre for Africa (ILCA) staff based at the ICRISAT Sahelian 

Center in three villages in southwest Niger indicate that farmers 

prefer goats, and are not necessarily interested in accumulating 

livestock as a store of wealth. Producers are making long-term 

efforts to develop and improve their livestock as part of mixed 

farming systems. 

In an ILCA/ICRISAT on-station collaborative proje!ct, scientists 

found that, because it is high in fiber and low in protein, millet 

straw is difficult to digest, but its feeding value could be improved. 

Millet leaves from plants with the genetically controlled brown- v , 

midrib trait had 421% less lignin, and were 5% more digestible than \illt h'ar'sw1'ith I'rou'n 

normal leaves. rmidribs make good podder. 
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ILCA researchers found that when animals arc corralled, evn for a single night, 

their urine and faeces are more beneficial to the soil than hand-spread manure alone. 

Corralling livestock on cropland has a long-lasting effect on millet yield. 

Livestock can play a positive role in sustaining millet production in mixed farming 

systems in the Sahel. The long-term trials now in progress at the ICRISAT Sahelian 

Center will provide infornmation on how management can te improved to minimize 

nutrient losses and contribute to sustainable agricultural production in this region. 

New Hybrids Offer Fresh Hope 

In the next 20 years, as populations grow, the demand for cereals will nearly double 

in western Africa. In India, the development and production of single-cross pearl mil

let hybrids in the 1970s and 1980s led to spectacular yield increases. Unfortunately, 

the basic materials used are too early-maturing and too susceptible to downy mildew 

disease to be useful in western African breeding programs. 

At the ICRISAT Sahelian Center, breeders have 

now shown that if inbred lines derived from vari

ety crosses are used as female parents, and 

improved varieties are used as male parents, the 

resultant hybrids (referred to as intervarietal 

!,, hybrids or IVHs) have interesting characteristics

they are less uniform than single-cross hybrids; 

they have higher levels of downy mildew resis

.I ,-IVTtance; and since an improved variety is used as a 

:- '" - male parent, adaptation problems are minimal. 

- ____ : _ -:" ;- Further, the cost of developing male-sterile lines 

In rainy sea~son 19!92 1rialstit On, 1RRISII Sahelian is avoided.
 

Center, the intirarietalhv'trid m t/il rig/it In a trial in 1989 IVHs flowered earlier, had less
 
1rduetd3 ",. ort, grain thanI 1/ilhi.
("t [a/"'et' downy mildew, and yielded tip to 8 0% more than 

the local cultivar. Following these encouraging 

results, a range of inbreds was used in combination with five improved varieties to 

generate 122 IVHs that were tested in five preliminary trials in 1990. The IVHs pro

duced tip to 175% more grain than their male parents. When retested in 1992, 28 

selected IVHs produced 20-100% more than their male parents, and up to 50% more 

than the local cultivar. They were also less susceptible to downy mildew than the 

local cultivar. 
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Further work has begun to evaluate promising IV[is in collaboration with national 

programs in the Saheian region. Procedures for seed multiplication are being devel

oped, inbred plants that would adversely affect the yield of IVtls are being identified, 

and I\' Is' response to improved management is being tested. It is hoped that in the 

near future IVI ts will make a significant contribution to increased pearl millet produc

tivity in the Sahelian region. 

Finding the Best Millet for Rajasthan and Beyond 

The area of pearl millet sown to three ICRISAT-derived cultivars in India is estimated 

at around 3.5 million hectares, or about one third of the total. These cultivars have 

resistance to downy mildew disease. Conservative estimates indicate that their use 

results in more than US$ 54 million worth of extra food each year. 

I owever, these improved varieties of pearl millet do not thrive everywhere in the 

semi-arid tropics. For some areas they are too late-maturing, or too susceptible to 

heat at the seedling stage, or do not produce the type of fodder the farmers need. For 
example, the hot dry millet-growing areas of Rajasthan are similar to those found in 

large parts of the millet-growing areas of sub-Saharan Africa, where stress levels are 

high, yield levels are very low, and crop-livestock interactions are crucial to farming 

systems. In these situations, local millet landraces can out-yield released cultivars. 

ICRISAT breeders are developing varieties tailored to these stress conditions. Scien

tists at research stations in Rajasthan and neighboring areas have now joined ICRISAT 
in collaborative variety development projects, using crosses of local materials with 

improved breeding stocks of African origin. These efforts have had rapid success. 

Rajasthan authorities have released a variety and a hybrid, and others are well on their 

way to farmers' fields. 

One of these studies is designed to improve breeders' understanding of the impact 

of the major constraints to production in the different agro-ecological zones of 

Rajasthan, and of farmers' preferences for varietal characteristics of pearl millet. 

Farmers have been encouraged to experiment with new varieties in their own fields, 

and their experiences and reactions are fed back into the breeding program. 
Initial results indicate that low soil fertility is the most important overall constraint 

to production, and that poor farmers, especially women, have a strong preferences for 

early-maturing varieties. Having sufficient food to subsist is more important than pro
viding livestock fodder. In western Rajasthan, where heat and drought are particularly 

severe, seedling establishment is more important than in less-extreme environments. 

Breeding materials identified in this study are being used to map the genes for heat 
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l2 4t, : .'. -. , , .
 

It omien /armers in Iajasthanditscussing the pearl millet sainph's they sce, i C01borative[,reedig tilstedrm cyl 


tolerance in collaborative research with the Institute of' Grassland and Envi roilmenta I 

Research, funded by the Overseas Development Administration, UK. 

Farmers, and government and nongovernment organizations are active collabora

tors in the project and are directly involved in the formulation of' new research priori

ties, and in the development and exchange of technology. In this way, impact is 

immediately identified and extended, and policy adjustments are possible. 

This work is demonstrating that new varieties can he tailored to specific environ

mental niches and to farmer preferences in marginal areas. Tile innovative meth

odologies involved are likely to result in increased relevance and adaptability of 

research results in a wide range of agricultural practice. 

Seedling Heat Tolerance in Pearl Millet 

In the harsh environments of the Sahel and Rajasthan in India, the ability of seedlings 

to withstand high soil temperatures is an important factor in crop establishment. 

Field screening for seedling heat tolerance is possible, and is in progress at Fatehpur, 

Rajasthan; but it is expensive, and success is dependiant on highly variable environ

mental conditions. If the reasons for heat tolerance were understood it should be pos

sible to devise more efficient screening methods. 

A 5-year collaborative study with the Institute of Grassland and Environmental 

Research (IGER), UK on comparative methods of selection for seedling thermo
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tolerance is now in progress, and is using data from earlier work in 

Rajasthan. The project is also evaluating the genetic variability for seedling 

heat tolerance in elite cultivars. 

Initial results are very encouraging. A special population has been 

developed from a cross between a highly tolerant landrace from Rajasthan 

and a newly released ICRISAT pearl millet variety. Collaborative research 

has demonstrated that the variation seen under field conditions is herita- L-', 
ble, but that selection based only on germination at high temperature is Pearl i, at the 

stag( thy'1 are most 
not effective. vidnhralMh to ]1eat stress. 

The research is now moving further upstream in attempting to identify 

markers for genes contributing to the seedling heat tolerance of an elite inbred line 

from Haryana Agricultural University. The production of tissue samples and seed of 

the mapping populations are conducted at ICRISAT Center, while gene mapping and 

laboratory screening of the progenies is done at IGER. Following recombination of the 

selected progenies at ICRISAT Center, field testing of the recombined populations 

will be done at Fatehpur. 

If successful, these combined research efforts will provide major breakthroughs in 

ICRISAT's ability to maintain and improve seedling heat tolerance in breeding mate

rials intended for the most inhospitable parts of the SAT. 

Small Variations May Help to Spread the Risk 

Within the sandy soils of the Sahel there are wide 

variations in nutrient and water availability. As a 

result, yields over distances as short as a few meters 

can be very different. This has typically been seen 

as a problem to be eliminated through tillage or the . 

application of fertilizers, crop residues, or manure. 

However, analysis of experimental result,, from the 

ICRISAT Sahelian Center, in co-operation with 

researchers from the Universities of Wageningen 

and Hohenheim, has led to a reinterpretation of the ,, . , 

effects of soil and crop growth variability on farm I nevn crop stand lit a lril 7's groundiut /ield 

productivity in the Sahel. ,ear Gava, Niger. 
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Initial results f'rom along-term study at the ICRISAl' 
SaielIia-n Center indicate a virtual reversal in the pattern of' 

. , ,L,w relatively good- and poor-yielding areas of pearl millet and 

cowpea between 1984 (adrought year) and 1985-88. It 
Si.. appears that slightly higher, drier, and more fertile areas 

S;produce relatively well during years of good rainfall, 

. hereas slightly lower, wetter, and more leached areas are 
ii better during poor rainfall years. 

:"::-In a collaborative experiment a less-fertile plot produced 
IilI plants grou'ingunder aidhcrbii 0.63 t/ha in 1989 and 0.68 t/ha in 1990, while a more fertile 

albidLi tres an be aj ~eiid Iv drY spells. plot produced 1.81 t/ha in 1989, but only 0.26 t/ha in 1990. 

Detailed analysis showed that in the more fertile plot, crop development was faster in 
both years. In August 1990, millet in the more fertile plot was beginning to flower 
when a 3-week drought resulted in aborted florets and subsequent yield loss. In the 

less-fertile plot, where crop development was slower, the plants withstood the dry 

spell at a less sensitive development stage, flowered, and filled grain as in the previous 
year. Had the whole experimental field been as uniformly fertile as the first plot, 

grain yield would have been uniformly low. 
Further observations were made in farmers' fields around the ICRISAT Sahelian 

Center in 1991. Under the leafless Faidherbiaalbida trees in May, millet plants grew 

quite fast and had more leaf area than those in the open field. These plants were 
more sensitive to drought during a dry spell in June. Nearly all the millet growing 
under the trees died, while that in the open field survived and produced a reasonable 

grain yield. This is in contrast to what happens in most years, when millet grown 
under Faidherbiatrees produces more than millet grown in the open field. 

These findings have important implications for the development of farming sys

tems in the Sahel where subsistence farmers aim to minimize risks, and achieve yield 
stability. The risk-reducing aspects of soil and crop growth variability and of practices 
such as intercropping long- and short-duration varieties are important considerations 
in the analysis of existing farming systems and in the design of new ones. 

Little Things Can Help a Lot 

Soil microarthropods are tiny creatures that inhabit the surface layers of the soil. 
They play an important role in maintaining soil structure and fertility. It has been 
shown that the greater the population of microarthropods in Alfisols, the better is the 
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soil structure, with reduced runoff and soil erosion. Soil management practices affect 

microarthropods, but their impact in SAT agroecosystems needs to be better under

stood. Population counts of these tiny creatures could possibly be used as a measure 
of the impact of soil management practices on sustainability. 

In an experiment on an Alfisol at ICRISAT Center, microarthropod population densi

ties and fuinctions are being evaluated for a range of soil management practices. Results 

from the first three seasons indicate that when a soil is covered by a perennial crop it 
harbors more arthropods than a soil that is cropped with an annual each year. In soils 

that were not tilled, left bare, or mulched with rice straw there were more micro
arthropods than in tilled soil. Soils that were tilled and mulched with rice straw had 

more arthropods than unmulched tilled soils. In all the treatments, microarthropod 

densities were significantly higher in the rainy season than in the dry season. Population 

densities were significantly reduced when carboftran, an insecticide used to control 

shoot fly was applied, but recovered within about a year. In 1992 maize was sown in all 
the plots that had received different soil management treatments. The highest yields 

were achieved from plots previously tinder perennial crop cover. 

On tile plots that were mulched with rice straw, most of the straw disappeared during 

the year, primarily as a result of fragmention by microarthropods. As the decomposition 

progressed the concentrations of total nitrogen and potassium in the decomposed straw 

were also influenced by the popunlation densities of the microarthropods. Tillage, micro

arthropod densities, and straw moisture had synergistic effects on the mineral nutrient 

concentrations in the straw mulch during the process of decomposition. 

Extending the Frontiers 
in Drought Research 

Because its evaporative demand is high, water

holding capacities of soils are low, and rainfall is 

unpredictable, groundnut yields in the SAT can be 

severely reduced by drought. This reduction can 

be as high as 30-60% depending on the time the AK 
drought occurs, its intensity, and duration. Sup- Y 

plemented irrigation is only feasible on a small 

portion of the arable area in the SAT. Groundnuts 
that can escape, tolerate, or avoid severe water 

deficits would improve long-term crop produc- Groundnitge,otyps vary in their r,,action 

tivity in drought-prone environments. to droughlt stress. 
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Genotypes with drought tolerance could be bred more easily ifthe physiological 

basis of genotypic performance under drought conditions was understood. Reliable 

traits for drought tolerance in germplasn need to he identified and combined through 

breeding, to develop the best-adapted genotypes. 

Water-use efficiency, defined as total dry matter production per unit of water 

transpired, is an important parameter that can influence a genotype's performance in 

drought conditions. This is not an easy trait to measure on a large scale because tech
niques to accurately measure transpiration and root mass under field conditions are 

not available. However, recent ICRISAT collaborative research with the Australian 

Centre for International Agricultural Research (ACIAR) has shown that the carbon 

isotopic composition in groundnut leaves i well correlated with water-use efficiency, 

and could be used as ! basis for selection. F,'rther research showed that leaf carbon 

isotopic composition is also well correlated %:th leaf thickness. This characteristic 

could he used as an even more rapid and inexpensive basis 
for selection for water-use efficiency. Unfortunately, plants 

that used water efficiently did not partition dry matter to 

- ~ IPods well. 
During 1992, 256 germplasm accessions were grown 

tunder irrigated conditions, and screened for water use and 

; partitioning efficiencies using a novel, non-destructive tech-

I;: 	nique developed by ICRISAT scientists. There was signifi

cant variation within and between the botanical groups; 

virginia runner and virginia bunch types generally had thick

er leaves than spanish and valencia types. This suggests that 

virginia runner and bunch types should be used to improve 

"-ater-use efficiency. The spanish and valencia types were 

superior in dry matter partitioning. The selected genotypes 
are being further examined for performance tinder drought 

: ; conditions. 

A collaborative project involving ICRISAT, ACIAR, and 

.. : the Indian Council of Agricultural Research will be initiated 

, , in 1993 to determine whether it is possible to select for 
Vwater-use and dry matter partitioning efficiencies in ground-

Aerial vew ol groundnut drought-screening nut. This project will also test the stability of these traits in 
trials at ICRISAT Center. selected genotypes across a range of environments in India. 
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Improving Selection Methods for 

Stressed Environrnents
 

If superior groundnut genotypes that match specific target 

environmecnts are to b identified, it is necessary to find out 
how genotypes, environments, and their interactions affect 
vilds. This is usually done by conducting many multiloca- 4 {k. : 'JN 

tional trials, but at the ICRISAT Sahelian Center the use of 
crop models instead is under investig,tion. Success should 
significantly improve the cost efficiency of selection. This is A 
particularly important in the Sahelian environment where 

the large amount of field or spatial variability requires 

extensive amounts ot expensive replication both within sites '.' 

a3nd across years. The model being tested defiles yields as 
the product of three parameters (crop growth rate, the Moniitoring the nlicroclinale ina g'omndmit
 

crop at lCRISAT C'tter.
 
duration of reproductive growth, and partitioning of assimilate to reproduCtiVe 
growth). It is testing the hypothesis that genetic effects are principally associated 
with partitioning, and that crop growth rate effects are mainly attributable to envi
ronmental effects. 

The model has been used to identify superior groundnut genotypes for the 
Sahelian Zone of western Africa. Earlier research showed that genotypes adapted to 
this Zone can be identified by the yields they produce during the hot summer season, 

if the vater supply is adequate. 
To test the new method 625 groundnut genotypes were grown at the ICRISAT 

Sahelian Center in the 1991 hot season, and the contributions to their yields from the 

three model parameters determined. For two separate trials in 1992, contrasting 
genotypes were selected and re-evaluated for both their partitioning (the model 

parameter) and ield. 
At ICRISAT Center, when the same model v. as earlier used for drought screening, 

and at the ICRISAT Sahelian Center the correlation of genotype yield between years 
in screening trials was low, primarily due to the inconsistency of the crop growth rate 
component; while the correlations for partitioning were very satisfactory. Thus, using 
the model improves the reliability of identifying superior genotypes, and allows more 
material to be screened for both drought and heat tolerance without using additional 
resources. It could prove very useful to breeders; and save a considerable amount of 
time and money. 
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Modeling Production Potential 

A computer model that simulates groundnut growth is 

. being used to estimate production potential and yield 

st.blitv under optimal crop management practices, for 

. , .weather conditions and environments representing differ

- ent groundnut-growing areas in India. The model could be 

". *. used to find out which locations have the potential to pro

-* I better crops, and will help scientists to focus their,duce 

4' research. 

ICRISAT and the Indian national program have worked 

'Y '. together to test, validate, and modify PNUTGRO, a ground

nut model developed by the University of Florida. As a 
* 
r, , , result, PNUTGRO can now account for 71% of the variability 

. . . , in biomass yield, 84% in pod yield, and 85% in seed yield of 

," groundnut caused by weather variations, particularly rainfall. 

, Using PNUTGRO, data on site-specific soil characteristics, 
,i ' , ." . and historical weather records, the production potential of 

t- ' ',: a groundnut cultivar was estimated at five groundnut-

Taking groundmt crop ?niasurmet . to growing locations: Hisar, Anand, Patancheru, Anantapur, 

ialidate a computer mnouel, and Coimbatore. These locations vary in their rainfall qual

ity and intensity, and in the types and depths of their soils. 

PNUTGRO shows that if adequate water is available, Anand, Patancheru, and Hisar 

have greater potential for groundnut production than Coimbatore and Anantapur, 

and could produce up to 4.4 tons of groundnut pod per hectare. Results further sug

gest that Anand and Patancheru have the greatest potential for groundnut production, 

because yields are reduced at Hisar by lack of water during the reproductive growth 

phase, and at Anantapur and Coimbatore when drought occurs during both vegetative 

and reproductive phases. 

This information will help researchers to make specific selections for the ground

nut types best-ad:4pted to these particular constraints, and will avoid extensive costly 

screening trials. 

, .. . .1.. 


Breeding Groundnuts to Beat the Drought 

In Botswana, the rainy season often lasts for more than 120 days, but total rainfall is 

low. Night temperatures during the rainy season are also low. In contrast, northern 

Namibian rainy seasons are short, seldom lasting more than 90 days. SADC/ICRISAT 
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staff working with the Groundnut Project '! 

based in Malawi and funded by the Deutsche -. . 

Gesellschaft ffir Technische Zusammenarbeit 

(GTZ) are collaborating with scientists in the ... .. 

national programs of these countries to devel- "- t.,' 7." .. 

op groundnuts adapted to their environments . . .S. . 

At Sebele Research Station, Botswana in a 

drought year, when the total rainfall was ony . 

200 mm, it was possible to select more than ' (P < , , 

500 plants that produced viable seeds. Son , -

plants flowered after only 26 days. The 144 V')1, A 

plants that produced the highest pod yields \:Wy 

will be grown at Chitedze Agricultural Research 

Station, Malawi; and those that flower early Harvesting groundnut trials at Chitetde Agricultural 

and yield well will be returned to Botswana Research Station, ,\1aIni. 

for further selection. 

In northern Namibia, national program scientists have determined the optimum sea

son length of spanish-type genotypes. When 20 selected spanish genotypes were grown 

under irrigation at Mahanene Research Station, some of them took only 82 days to 

mature, whereas the same genotypes took 116 days to mature at Chitedze. Populations 

selected in Botswana are also being tested in Namibia. The combined efforts of the two 

national programs and the SADC/ICRISAT Project are thus making progress in identify

ing groundnuts that can grow and produce crops in these very dry regions. 

Relationships Between Plant Populations 
and Foliar Diseases Resistance 

Foliar diseases are a major constraint to groundnut produc

tion in western Africa. They reduce yield by reducing the '
 

active leaf area available for photosynthesis. Early and late ., ;.
 

leaf spots, and rust are the most common diseases in the , ,:
,Y> 


region, where they can cause yield losses between 10 and Y.,
 

70%. Disease incidence and severity vary with location, and .
 

are governed by a complex set of genetic and environmental
 

circumstances. At low plant populations the micro-climate
 

within the crop canopy does not favor disease development, leat'spot diseases can reduce g."ninit
 

and agronomic evidence suggests that yields are maximized. yields bY 70",, in western A/ric,.
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However, if other factors such as the use of rotations and/or fungicides which limit 

disease development are introduced into crop management, then tile basic physiology 
of yield maximization may change. Therefore, it is necessary to re-evaluate the basic 

agronomic practices to find out how they are influenced by disease pressure and con

trol measures. 

At Bengou, Niger where, in the 1992 rainy season, late leaf spot was the major foli

ar disease, two susceptible and two resistant groundnut genotypes were tested in high 

(natural) and low (fungicide-protected) disease pressure environments. 

Fungicide application significantly increased the pod yields of all genotypes, and the 

highly significant interaction between fungicide spray and plant population confirmed that 

practices which modify disease pressure require the re-evaluation of other agronomic fac

tors. This trial also showed that ICRISAT breeding lines with either resistance to foliar dis
eases, or with higher yield. potential are useful in western Africa. Even without fingicide 

they can produce higher yields than local genotypes, and respond positively to higher 
plant populations. This trial series will be expanded to confirm assumptions about the 

interactions between rotations and population. The research should lead to higher adop
tion of improved technologies by farmers, since the importance of changing both variety 

and management together is being established. 

Conquering Groundnut Iron Chlorosis 

Iron chlorosis is a constraint to groundnut production in many parts of the world, but 

little quantitative data exists on the actual yield losses it causes in the Indian SAT. 

Current research at ICRISAT Center combines studies of farm
ers' perceptions and management practices affecting iron chloro

] sis in groundnut, with follow-up research to quantify yield losses 
and identify management practices related to the problem. 

Initial diagnostic village surveys in two Indian states indi
cated that iron chlorosis exists in many areas, and that the 
problem is mainly associated with irrigation, the variety of 

groundnut grown by the farmer, and fertility management. 

The problem is severe in calcareous black cotton soils where 
canal irrigation is used. Farmers often mistake the symptoms 

for nitrogen deficiency, and try to cure them by applying high 
doses of fertilizers. Farmers estimate groundnut yield losses 

to be between 10 and 25%. Where crops have failed because 

Iron chlorosiscan sc.,, rely deplete groundnut of iron chlorosis farmers have stopped growing groundnuts in 
yield, favor of such iron-efficient crops as sunflower. 
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Yield losses have now been quantified in pot studies, and in 

on-station and on-farm collaborative trials with the Central 
Research Institute for Dryland Agriculture (CRIDA) in the two . 

Indian states where surveys showed thrt the problem is severe. 

The pot studies confirmed that waterlogging is a major factor 

in the development of iron chlorosis, and that symptoms . 

increase with increasing levels of applied nitrogen. All the 
groundnut varieties tested, both local and improved, were '. 

found to be highly susceptible. 

ICRISAT studies have shown that iron chlorosis can be Vinpionv. of'groundmit iron chlorosis. 

alleviated by; sowing groundnut on raised beds, applying foliar 

sprays of 0.5% iron sulfate, or growing ICGV 86031. This iron-efficient genotype is 
capable of producing 15% higher pod yields than the local cultivar, and almost a ton 
more fodder per hectare in farmers fields in an area where iron chlorosis causes seri

ous problems. 

Long-term Component Study of Verisol Watershed Technologies 

Two areas of research are the focus of the current long-term trials of Vertisol tech
nologies at ICRISAT Center. First, because farmers seldom adopt complete manage

ment packages, increased knowledge of the performance of individual components 
and of their interactions is sought. Second, to better understand the sustainability of 

these technologies, trials are long-term in nature and include the' participation of a 
multi-disciplinary team of researchers. The plots used in this study are replicated and 
are used to compare fertility (chemical fertilizers vs. farmyard manure), genotype 

(traditional vs. improved), land form (broadbed-and-furrow vs. flat), and water avail

ability (irrigated vs. rainfed). 

Results from the three seasons (1989-9i) appear to indicate that land form treat
ments have little effect on plant growth and yield. A traditional postrainy-season sor
ghum genotype showed significant yield differences between land forms in 1989 but 

no differences by 1990 and 1991. This same trend was found with an improved sor
ghum hybrid and with legume crops. It so happei s that the plots used for broadbeds 

and furrows for all crops had previously reccived fertilizers; this was not the case with 
the plots used for flat land forms. Preliminary soil tests indicate that this could 

explain the difference between the results of the first year and those of the following 

two years. 

For the non-legume crops, fertility differences have had the most striking effects; for 
legumes, no consistent treatment differences for fertility have yet been introduced. 
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Vertisol watersheds at ICRISAT Center where long-term croppingsytents andfertilitystudies are in progress. 

Results suggest that further work is needed on integrated fertility management, par

ticularly on the effects of rotation components on soil fertility both in the long- and 

short-term. It may also be significant to learn at which point in the rotation cycle fer

tilizer applications are most beneficial. 

Irrigation results to date are inconsistent; an apparent lack of response to irrigation 

in postrainy-season sorghum may be attributed to this species' ability to extract resid

ual moisture from a saturated Vertisol profile. Improvements in production were evi

dent when irrigation was combined with increased fertility levels on sunflower and 

safflower. These cash crops derive the most benefit from supplementary irrigation. 

For the post rai ny-season traditional sorghum genotype, disease increased with 

increasing fertility. This relationship may affect farmers' adoption of improved man

agement practices on traditional genotyp,"s. 

Rotations appear to be a good strategy for controlling nematode and disease prob

lems. Soil nematode populations increase significantly following crops of pigeonpea or 
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sunflower. Placing these species in a rotational sequence where they are preceeded or 

followed bv sorghum, pearl millet, or maize, reduces damage when the crop appears 

again in the rotation cycle. 
Ultimately, this study will provide an identification of long- and short-term pro

duction constraints resulting from changes in management.The study will also assist 

researchers to develop measures of sustainthility that can be applied to other areas. 

Farmers will benefit because technologies passed to national research systems for dis

semination will have been rigorously tested in a 'systems' manner before release. 

Collaboration in Ethiopia 

ICRISAT is working with the International Livestock Centre for Africa, the Institute 

for Agricultural Research, and Alemaya University of Agriculture in Ethiopia to 

develop strategies and technology options to raise and sustain crop and livestock pro

duction on Vertisols. 

It is now recognized that the broadbed-and-furrow technique developed by ICRI-

SAT may be widely adopted in some Ethiopian Vertisol areas. During 1992, a private 

manufacturer in Addis Ababa started to make attachments for the local plow that 

will enable it to form broadbeds and furrows. 

In collaborative trials perched water table fluctuations in 

experimental plots at Ginchi and Akaki were characterized. 

Measurements showed that, during the rainy seasons of 

1991 and 1992, the perched water table was within 30 cm J 

of the ground level at certain times, thus exposing crops 

grown there to the risk of waterlogging. An analysis of . " 

wheat yield data from Ginchi and Akaki showed that yields '' \ 

were significantly higher from crops grown on 26-cm high . 

broadbeds than on beds made to the standard specifications 

of 13 cm. This suggests that the height of broadbeds . ,_ 

constructed at a particular site should depend on the Measuring the height of the water table on a 

intensity of the risk of waterlogging. Vertisol inGinchi, Ethiopia. 

Watching them Grow 

At ICRISAT Center, scientists working on a special project under the auspices of the 

Government of Japan use a 'minirhizotron' to monitor the rates at which chickpea 

roots grow when they are subjected to drought. The scientists dug a series of holes in 
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trial plots into which long transparent glass 

tubes were inserted into the ground at an 

angle of 450 , with the above-ground pqrtion 

6 painted black to prevent light entry. At regu

lar intervals, a customized video canera was 

inserted into the tubes to monitor root 
S~..a :. i-- < growth. Conventional 'destructive' methods 

~ A result in the death of' each plant inspected. 

\Vith the minirhizotron technique, the roots 

, -. {"' are not danmaged and the plants are not killed; 

~ I.SO be continuiously observed.root systemIS Can11 

Five chickpea varieties and 15 video stations 

were used in an experiment to identify chick

peas with large, deep root systems that can 
Studying chickpea roots with the hell o/'a 'uinirhizotron' 
at ICRISAT Center. oest absorb moisture in black, clayey soils 

when water supply is limited. 

This innovative technique has also been used to record the root dynamics of pigeon

pea, including its root formation, and root death after temporary waterlogging. This 

experiment led to the discovery of a consistent relationship between pigeonpea rooting 

profile and soil depth. Daily changes in root length density, and differences between 

waterlogged and non-waterlogged roots were observed. Roots which had suffered from 

waterlogging recovered, with root length densities increasing faster than for non-water

logged roots during the recovery process. The observations also showed that after 

waterlogging roots nearer the surface recover before those deeper in the soil. 

This technique has proved its value for monitoring root growth tinder two extreme 

conditions, drought and waterlogging. The minirhizotron can be used not only to 

measure root length, but also to observe such features as thickness and branching fre

quency. The true picture of what is happening tinder the soil's surface can represent 

vital information for studies on water and nutrient uptake by plants. Underground 

movies can have real scientific value! 

Improving Pigeonpea in Southern Africa 

Presently, pigeonpea is in high demand in Malawi. Several organizations including 

those working with refugees, and in education and health, are looking forward to 

increased pigeonpea production as it provides a valuable source of dietary protein. 

Small-scale farmers could grow short-duration pigeonpea in areas which face erratic 
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or insufficient rainfall; particularly in years when the rainfall comes late. On commer

cial farms short-duration pigeonpea could fit well into rotations with other crops and 

has the additional advantage of being mechanically harvested. 

Although long-duration pigeonpea has been cultivated in Malawi for a long time, 

the introduction of short-duration pigeonpea is recent. Research started in 1986 with 

the introduction of genotypes from ICRISAT Center. After extensive testing at three 

locations, three short-duration genotypes are currently being evaluated for constimer 

acceptance by the national Adaptative Research Team, and for grain yield at 28 loca

tions. Over 40 other lines are being evaluated at several locations for adaptability, 

grain yield, seed size, and seed color. 
The ICRISAT Pigeonpea Project based at Chitedze Agricultural Research Station 

was started in January 1992 to improve the productivity of pigeonpea in southern 

African countries. The project is finded by the African Development Bank and 

implemented by ICRISAT. 

Late inJanuary ' 1992, 34 germplasni ,:,3 1r-.Y,7:. ,.,7, 

and 20 promising pigeonpea lines from V , ,k, 

the Malawi national program were sown 77. 
at Chitedze, in a preliminary observa- ,

tion nursery. Although sowing was very
 

late, i5 crosses were made and 300 :
 

individual plants selected. From the •.
 

same nursery 20 entries were selected .
 

for future evaluation in the SADC .
 

region. 1m,.
 

A fuirther 216 gerniplasm and 

advanced short-duration breeding lines s'X: : 

were sent to project collaborators in 

Malawi, Mozambique, Namibia, 

Tanzania, and Zambia to be evaluated 

in the 1992/93 cropping season. Crossing pigeonpea at Chitedze Agricultural Research Station. 

Pigeonpea inSri Lanka 

In Sri Lanka the Department of Agriculture/ICRISAT collaborative project on 

pigeonpea development that is funded by the Asian Development Bank received a 

boost this year when ICRISAT's Deputy Director General toured the country at the 
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invitation of the Director of Agricul

ture, to review ongoing pigeonipea 

- y, q work in the Asian Grain Legumes 
.. .. ."V ," j - -/ On-farm Research (AGLOR), and other 

c'':. :: ., (ccollaborative projects, including those 
. , -" of the Cereals and Legumes Asian 

:j: Network (CLAN). 

4! 	
' 

1 . During their visit, ICRISAT staff 

. . .I met the Minister of Agriculture, 
,, .Development, and Research, who 

showed great interest in extending 
Discussing collaborative pigeonpea trials in Sri Lanka. the cultivation of pigeonpea in an 

effort to reduce the country's lentil imports. He promised ICRISAT the financial and 

administrative support needed to extend the crop to the 'intermediate' and 'dry' 

zones of Sri Lanka. 

It was evident that the people of Sri Lanka whom ICRISAT staff met during their 

extensive tour welcomed the availability of pigeonpea dhal, and that farmers and 

research and extension scientists are optimistic about the crop's success. 

Identifying Pigeonpea's Unseen Enemies 

Symptoms of nematode 	infection are subtle and difficult to distinguish from those of 

other pathogens. These tiny worms are hard to detect, even when they are present in 

large numbers. Nematode damage to pigeonpea is not dramatic but 

sure and cumulative. On a global basis, it is estimated to reduce 

pigeonpea yields by over 13%. An initial density of 3.0 nematodes/ 

.'y" ' ; , 	 cm 3 soil can cause a 25% reduction in pigeonpea biomass. The root

knot, cyst, and reniform nematodes are the most important species 

affecting pigeonpea; they are all root parasites. Root-knot nematode 

jinfection makes pigeonpea less able to resist the fungus that causes 

fusaritim wilt disease. 
, -N 2 Now, easy methods of nematode detection have been developed. 

.. , ,Renifform nematodes produce mucilaginous egg sacs on pigeonpea 

roots. Soil particles stick to these egg sacs and are not easily dis
' 	 lodged when the roots are shaken. If these 'dirty roots' are dipped 

Young pigeonpea plants affected in 0.25% trypan blue stain and rinsed in water, the nematode egg 
by soilborne nematodes. sacs are selectively colored blue, while the roots are not stained. 
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Root-knot nematodes ' Pt... 

reproduce rapidly, pro

ducing large numbers 

of egg sacs that can also 
be stained with trypan 

I, 
" : ;i' "J; > 

blue to increase their 
visibility. I ''2 ' 

f
K ' 

5",I '.' ,' -'. , N, 

Very few efforts A ,,I , . .. 

have been made to j jJ: : 

evaluate pigeonpea cul-..:: 

tivars or germplasm for L ,r: T. 

resistance to nematodes :"-"-" : 

because standardized 2' -,. 

resistance screening Screeningpigeonpeasfor resistanceto nematodes in a greenhouse at
 

methods were not ICRISAT Center.
 

available. At ICRISAT Center, simple and reliable greenhouse resistance screening
 

procedures have now been developed. Screening showed that pigeonpea cultivars,
 

including commercial cultivars, are generally susceptible to nematodes.
 

Nematicides are very expensive and the availability of resistant cultivars would 

help resource-poor farmers to effectively reduce damage to their crops. Recent 

attempts to identify resistance genes revealed that wild species of pigeonpea in the 

ICRISAT gene bank have resistances to all the three types of nematodes, and that 

some have resistance to more than one nematode species. The identification of these 

valuable sources of resistance highlights the value of collecting and conserving not 

only cultivated species, but also their wild relatives. 

Conventional breeding methods have not been successful in obtaining fertile crosses 

between wild and cultivated pigeonpeas. However, such modifications to hybridization 

techniques as the use of hormones, or the rescue of ovules and hybrid embryos by tissue 

culture could be successful in transfering useful genes from the wild species. 

Another hope of control iies with three species of fungi that are commonly found 

parasitizing eggs and females of the cyst nematode. Their use as possible agents for 

biological control is being investigated at ICRISAT Center. 

In areas where nematode damage incurs serious crop losses, changing cropping pat

terns may help to reduce the problem. Population densities of the cyst nematode 

increase more rapidly on sorghum/pigeonpea than on other intercrops. Sunflower is a 

very good host of the reniform nematode, hence avoiding its use in intercrops could 

help farmers reduce pigeonpea losses. 
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Mapping Downy Mildew Resistance Genes in Pearl Millet 

Downy mildew continues to he the most devastating disease of pearl millet in the 

SAT areas of Asia and Africa. [lost plant resistance offers the best means of contain

ing this disease, but because the pathogen is variable, such resistance often breaks 

down, particularly in single-cross pearl millet hybrids. 

Through a collaborative International Pearl Millet Downy Mildew 

Nursery (IPMDMN), resistant lines identified at ICRISAT Center are 

evaluated at 'hot-spot' locations in India and western Africa to iden

k 	 tify lines with stable resistance across pathogen populations and 

environments. During 198) to 1992, 41) pearl millet accessions from 
Zimbabwe were screened in the IPMDMN. Two of these lines were 
resistant at ICRISAT Center, Aurangabad, Mysore, Jamnagar and 

., 1 Bhav anisagar (India), Bengou (Niger), and Cinzana (Mali). These are 

the first sources of downy mildew resistance that ICRISAT has iden-

S .tified in breeding material originating from Zimbabwe. 

* 	 , :Resistance to downy mildew in several lines is known to be domi

nant and is thought to be governed in part by major genes. Resis

,b tance has been successfully transferred to inbred lines and resistant 

. j hybrids have been produced. 
l)oDo 'y mildeu,disease can destroy In two ODA-funded collaborative projects between ICRISAT 
pearl m7illt heads. Center and two laboratories in UK, one at the University College 

of North Wales, Bangor and the other at the Cambridge Laboratory, 

Norwich, genetic markers have been identified for the genes contrib

uting to resistance in two pearl millet lines that are representative of 

'0,0 the Indian and western African populations of the pathogen. 

Using the genetic markers the pearl millet downy mildew resis

tance genes are hemn mapped in the UK. It may be possible to iden

tify and map resistance genes for individual isolates of the pathogen. 

This would facilitate breeding genotypes with resistance genes for 

Sseveral isolates. Such genotypes would be useful in both India and 

-: western Africa. 

Several chlorophyll-deficient pearl millet mutants have been iden

tiffed amongst the ICRISAT gene bank accessions. These have been 

and tested for their reaction to downy mildew. Six lines'purified 

Fluorescencescreeningduring are highly resistant, and will be useful in future attempts to map 

gene-mapping studies, resistance genes. 
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Solving Finger Millet Problems 
Before investing resources in studying the diseases of finger mil

let, scientists based at the Eastern Africa Regional Cereals and " .
 

Legumes (EARCAL) program in Nairobi went to the farmers of'
 

the region to find out which diseases Case the most problems.. .
 

In January and February they surveyed nearly 300 farmers' fields N
 

in southwest Uganda, and western and eas,,ern Kenva. In 272 of ,.
[ 
these fields they found finge," millet crops suffering from neck A 

and finger blast disease. The same fungal pathogen also attacks 
fiaiger millet leaves, but the foliar phase of the disease was only 

Severe in 33 fields. Finger millet also suffe~rs from four of five i 

other diseases but none of' these was so severe or damaging as .- { ' -9 

blast. 

Based on these findings ICRISAT scientists developed a sim- I" 
pie field technique to screen finger millet germplasm lines for 

resistance to blast disease. The essential components of the " 

technique are the use of infected finger millet debris to provide } J . 
the fungal inocultim, and irrigation to create a humid environ- -i 

ment that is favorable for infection and disease development. 

After testing four treatment combinations during the 1991/92 
shorc rainy season on four blast-susceptible and two blast-resis

tant finger millet germplasm lines, they found that the irrigation 

x infected debris treatment combination was the most effective. 

Using this technique EARCAL scientists screened 1000 finger 1, 
millet lines from ICRISAT Center gene bank, 273 from SADC/ 

ICRISAT SMIP, and 129 germplasm lines from the national program 

in Uganda. From all these lines they identified 121 with good levels 

of blast resistance and desirable agronomic characters. These lines 
ICRISAT scientistsare working on the 

will be used to breed genotypes resistant to the most serious dis- blast disease that reduces 'ields of 

ease threatening finger millet crops in eastern Africa. linger millet in eastern ,'t ica. 

Combined Efforts inTanzania 

ICRISAT's links with Sasakawa Global 2000 agricultural development programs have 

considerably enhanced and facilitated travel and interaction with the national program 

in Tanzania. The breeder and entomologist from SADC/ICRISAT SMIP, two national 

scientists, and the National Coordinator of Global 2000 made a joint 10-day tour of 
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Tanzania to evaluate the sorghum crop. They visited research stations, demonstration 

fields of four sorghum varieties in the prerelease stage, and crop management training 

plots in farmers' fields. Two of the varieties they saw doing well were bred by ICRI-

SAT and have 1-een recommended for release by Tanzania in the 1992/93 cropping 

season.
 

During the year a survey was conducted in the central and northern areas of Tan

zania in collaboration with Long Ashton Research Station, Bristol, UK and the Tanza

nian national program. The parasitic weed, Striga is widespread in the surveyed areas; 

two species that parasitize maize and sorghumn, and one that attacks sorghum, all 

cause economic losses. Each Striga species occupies different geographic niches, some 

of which overlap. This means that there are different biotypes of the various species 

of Striga, and that each causes problems in a 

particular geographic area, emphasizing yet 

again how difficult it is to find a solution to 

this devastating problem. Seeds of these 

host-specific Striga biotypes were collected 

04 P 
and characterized at Long Ashton during the 
1992/93 cropping season. Information 
derived from these cooperative research 

A. x. 

efforts will be used to devise control mea-

Y 'A sures for this pernicious parasitic weed. Long 

;ay.. Ashton scientists are also working on Striga 
, ]with the International Institute for Tropical 

.... Agriculture (IITA) in an Africa-wide effort to 

A sorghum rop in nan ia, crippled IbY Sirip;. develop control measures. 

Biological Insecticides 

Neem trees are common in the SAT where neem is traditionally used to make medi

cines and control insects. In collaborative studies with the Indian Institute of Chemi

cal Technology different solvent systems were used to extract a biologically active 

fraction from neem seeds. The extract mainly acts as an antifeedant towards insects, 

and at low concentrations disrupts insect growth. It was found to be effective against 

several insect pests of soghum including the spotted stem borer, oriental armyworm, 

gray weevil, and head bugs. Application of neem extract under field conditions 

resulted in a 30% increase in grain yield over unprotected crops, and pest control was 

comparable to that provided by a commercial insecticide. An added advantage of 

neem extract is that it has no adverse effects on beneficial insect species. 
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Another common plant in the SAT 

is the custard apple from whose seeds 

a biologically active fraction containing .,,. 70'.i. 

acetogenins has beei, isolated. 

Acetogenins are highly toxic to insect . 

pests. In laboratory and field trials, cU'S- .. 

tard apple extract has been found as ,,,7-. 

eecieas endlosulffn, a commial ' , 

chemical insecticide, for the control of ' ., 

spotted sten borer, armyworm, and . 

head bugs. 7"_ , , : :i . 

Efforts are now in progress to f'or- ',t A 

m 'late these plant extracts as bio- r,'
pesticides that could be used as alter- .. . , : 

natives to synthetic insecticides, 01,
 

thereby minimizing deleterious., 

effects on the environment, and the ,
 

problems of insect resistance. Neem tree seeds contain an vt't ctive biological insecticide.
 

Controlling Shoot Fly 

The principle of plant resistance to insects takes into account the natural ability of 

plants in any ecosystem to resist or tolerate pest attacks, and to reduce their popula

tions. Major advantages in the genetic manipulation of host plant resistance in culti

vated crops are that it requires practically no input from the farmer, and does not 

harm the environment. 

Initial efforts at ICRISAT to screen sorghum for resistance co shoot fly were greatly 

enhanced by access to the large germplasm collection of over 30 000 accessions, and 

a wide range of test locations in India and Africa. Several resistant landraces were 

identified, but breeding for resistance using these landraces initially resulted in only 

marginal genetic improvement in agronomically improved cultivars. Concerted efforts 

by breeders and entomologists, however, have resulted in the identification of resis

tance mechanisms and several associated factors. Several genes are known to confer 

resistance to shoot fly. Although this knowledge is of prime importance for progress 

in breeding for resistance, it became clear that a multi-pronged approach was neces

sary against an insect pest that causes an annual loss in sorghum production worth 

over $200 million in India alone! 
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Over 340 wild sorghuns were evaluated for 
.. + ~ , resistance using a special cage te, hniqie that 

ensures uniform inf station and precise evaluation 

of test entries. Four accessions with very high levels 

of resistance were identified. Useful genes from 

wild sorghums were introgressed into cultivated 

sorghuns and tile crosses obtained have been 

selected and advanced under critical evaluation 
through five or six generations. Several progeny
havemnai ned their resistance levels and are now 
being evaluated for use in tile development of' 

Cages used to scrce sorFhui seedlings /or improved high-yielding, shoot fly resistant cultivars. 

resistaZce t) shoot fly. In another study, tile relationship between several 

resistance factors and grain yield is tinder investigation to determine their compati

bilities and their interactive roles in the expression of resistance and grain yield 

potential. In the process it was found that the expression of several factors that are 

linked to resistance differ between tall and dwarf sorghum genotypes. 

From earlier attempts to increase the level of resistance in tile existing random

mating sorghum population, it was found that the levels of variability in resistance 

and agronomic desirability were both low. It isadvantageous to have high variability 

for these characters so the population has now been diversified by introgressing new 
sources of resistance, and the first random matings were made in the 1992/93 post

rainy season. This should result in the 'pyramiding' of resistance genes within the 

population, and permit the development of lines with higher levels of resistance than 

those currently available. 

One of the factors identified by entomologists as associated with sorghum resis

tance to shoot fly is the wetness of the central whorl leaf of seedlings, or leaf surface 

wetness. An interdisciplinary team working at ICRISAT Center has found that leaf 

surface wetness is affected by the amount of water in the soil, and not solely gov

erned by the internal plant water status. They also found that the mechanism by 
which water is transferred to the leaf surface in susceptible genotypes appears to be 
lacking in resistant ones. Biochemical studies have revealed the existence of a 'barrier' 

within the leaf structure of resistant genotypes which interferes with a physiological 

process in the movement of water onto the leaf surface. 

While these findings could increase the level of resistance to shoot fly through 

genetic manipulation, scientists hypothesized that if soil moisture in irrigated sor

ghum fields were reduced during the first 4 weeks of crop growth when seedlings are 
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most prone to shoot fly attack, damage r .. 

could be reduced. Trial results con

firmed they were right. Under shoot . , 

flv infestation, plots of a commercial : -

sorghum hybrid that received only : , , 

55 mm irrigation/ha during the first [ . , 

4 weeks yielded twice as much as 

control plots that received over , L 

120 rm/ha during the same period. 

Even when there was no shoot flv ___.___.___ 

infestation, sorghum with reduced The sorghum plants in the background received less irrigation than 

irrigation yielded 3 t/ha, compared those in the foregroundand were not damaged by shoot fly. 

to the yield of 2.5 t/ha by that in fully irrigated control plots. This management 

strategy is not only relevant to India where shoot fly is endemic, and approximately 

525 000 ha of irrigated postrainy-season sorghum are grown, but also to non-endemic 

countries like Sudan where over 4.5 million ha sorghum are irrigated. The amount of 

precious irrigation water saved and available for other uses is an added bonus. 

Managing Legumes Pests 

Surveys and on-farm trials are a prelude to developing pert management strategies. 

Groundnut insect pest surveys in India organized during the 1991/92 postrainy season 

clearly demonstrated that soil insects affect groundnut production. In general, 

groundnut farmers in the surveyed areas are aware that pests damage their crops, but 

make no attempt to control them. 

Artificial screening techniques developed by 

ICRISAT scientists to screen groundnut lines 

against leaf-eating caterpillars have been success

fully evaluated by testing 36 pest-resistant ground-

nut lines in a replicated trial at ICRISAT Center. 

By releasing 100 000 artificially reared Spodoptera (7. 

larvae on tile test rows at a rate of I larva/plant 
when the seedlings were 40-days old, a high level 

of defoliation was established. Using this tech- Field screeningtechniaue used to assess 

nique entomologists identified five ICRISAT-bred Spodoptera d4mage in groundnut. 

lines with promising resistance to Spodoptera and jassids that can yield more than 

2 t/ha during the rainy season. Groundnut entomologists working in the All India 

4 

55 



iHighlights from ICRISAT 1992 

Coordinated Research Project on Oilseeds (AICRPO) are aware of this technique, 

they also screen genotypes for resistance to these pests at 'hot spot' locations where 

natural infestation levels are high. 

A collaborative study with the Natural Resources Institute 

. (NRI), UK, a sex pheromone that can be used to monitor 

populations of the groundnut leaf miner. Further studies 

-,ith this phuromone showed that water traps are tile most 
S effective monitoring device when positioned 0.5 ni abovejground level. 

Monitoring insecticide resistance in the pod borer, Heli
coerpa arnzigera has advanced significantly during the past

A trap used to inonitorgroundnut leaf' 
,iner populations. Year with the introduction of atechnique that provides arapid

means of assessing insecticide resistance in field-collected 
insects. Weekly changes in resistance to pyrethroid, organophosphate, and cyclodiene 
insecticides are currently being monitored at four locations in Andhra Pradesh. An 
Australian agrochemical organization, the Insecticide Resistance Action Committee 
provided flunds for avisiting technical officer to assist the NRI/ICRISAT project. This 
additional support made it possible to extend the resistance monitoring program, and 
highlights the commitment of the agrochemical industry to supporting resistance 
management programs in developing countries. 

Monitoring makes it possible 
to build tip adetailed picture ofKseasonal changes in insecticide 

resistance to the insecticides 
comnmonly used by farmers to 

control Helicoverpa. The seasonal 
changes in Helicoverpa resistance 
to apyrethroid insecticide 

.... 1 .... . ' (cvpermethrin) at ICRISAT Cen

ter show that resistance increases 
J from September through March. 

~effect
The pod borer can drasticall, reduce pigeonpea yields. 

..,: This isbecause of the cumulative 
of insecticide applications

t feco inte applict 
to field crops in the district 

which exert intense selection pressure on Helicoverpa populations. By March 1992 
almost 90% of the lelico'erpa collected from fields at ICRISAT Center were highly 
resistant to cypermethrin. This was confirmed by the findings of ICRISAT agronomists 
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and cereals entomologists working together on the effect of cropping systems and 

insecticides on the abundance of' Helicoverpaand its natural enemies. They found 

that there were more pests on sprayed plots than on nonsprayed plots at ICRISAT 

Center, clearly indicating the deleterious effects of insecticides on natural enemy 

populations. Studies are in progress to define the role of natural enemies in pod borer 

management. These, and results from the other monitoring locations will help in the 

development of badly needed insecticide resistance management strategies. 

One of the ways to combat insecticide resistance isto cut down the number of 

times a crop is sprayed. To do this it is necessary to find out just when to apply the 

insecticide. Using a pigeonpea simulation model developed at NRI it was found that a 

single spray applied 10 days after 50% flowering gave significant IHelico'erpacontrol 

for the following 2 weeks, whereas sprays applied a week earlier or a week later were 

ineffective. This experiment isthe first step in providing guidelines to farmers on the 

most efficient use of insecticides to control pod borers on pigeonpea. 

Combating the Virus Threat 

Recent rapid advances in biotechnology have made it possible to develop highly sensi

tive, reliable, and rapid diagnostic assays for virus detection. The Virology Unit at 

ICRISAT Center has worked on the adaptation of these techniques to detect specific 

viruses affecting ICRISAT's mandate crops. Today the most widely used test for the 

detection of viruses is known as ELISA (ashortened form of 'enzyme-linked immu
nosorbent assay'). A particularly simple form of ELISA has been modified for use in 

developing countries to detect most of the important viruses of ICRISAT mandate 

crops in a cost-effective manner. 

Polyclonal antibodies to viruses have been pro- . -VP 

duced in rabbits and are effectively used for routine " " 

virus detection. Monoclonal antibodies (known as , "M' 

McAbs) can provide more consistent means for ., 
" virus detection than polyclonal antibodies. McAb ,- : -. _ 

production is relatively expensive, but McAbs can ' r .. ;." _ 

be produced in large quantities and stored at low No. 
temperatures for indefinite periods of time. With ' .
 

assistance from the Asian Development Bank
 

McAbs have been produced at ICRISATF Center for .- '
 

three important groundnut viruses, and used to Groundinut plants aiected1 y the peanut clump virus
 

precisely characterize peanut bud necrosis virus. hiat is transmitted by a soilborne fUngus.
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W - Unfortunately, some viruses cannot be reliably detected by 

ELISA techniques. These include peanut clump virus, a fungus
transmitved virus occurring in India and in Africa, and certain 

types of the groundnut rosette virus that causes major yield 

p- losses in Africa. In such cases a technique known as 'nucleic 
- I acid hybridization' has proved to be effective. In collaboration 

'~'~ .'"' -"Y. with virologists at the Scottish Crop Research Institute (SCRI) 

. ' : ) funded by the Overseas Development Administration Plant 

.2SciencesProgramme, UK, a library has been prepared of cDNA:,i
, 


clones covering the entire genomic range of the Hyderabad iso

>; :. late of Indian peanut clump virus. These are currently being 
2 J ' used at ICRISAT Center to detect all the isolates of peanut 

Peanutstripe virus symptons, clump virus. 

Rapid advances in biotechnology make it possible to use 

genetic engineering techniques to introduce resistance to virus diseases into crop cul

tivars. These techniques are invaluable when genes conferring resistance to viruses 

cannot be incorporated by conventional breeding methods. Significant progress has 

been made along these lines in the generation of a groundnut cultivar able to resist 

both peanut clump and peant stripe viruses. This progress has been achieved in col

laboration with SCRI, the Noble Foundation in Oklahoma, USA, and a number of oth

er mentor institutions. 

Reducing the Toxin Risk inAsia and Africa 

In many western African countries allatoxin contamination of groundnut is of major 

significance to both public health and export trade potential. Groundnuts can be 

infected by A.;pergiidusflavus the fungus responsible for producing aflatoxin when it 

invades kernel., either before or after harvest. Pre-harvest infection is a more serious 

threat when gro indnuts suffer end-of-season drought stress and are more susceptible 

to fungal invasiin. One way to reduce aflatoxin contamination is by the use of culti

vars resistant to both invasion by A. flamus, and aflatoxin contamination once they are 

invaded. 

Sources of resistance have been reported from India, Senegal, and USA. Six vari

eties bred at ICRISAT Center have consistently shown improved levels of resistance 

to seed invasion by the fungus, and high pod yield. These varieties have yielded on 

average 9 to 23% more pods than the resistant control cultivar in various evaluations 

across seasons and locations in India. One variety, ICGV 88145 is outstanding; it has 
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consistently shown high levels of resistance over three seasons, and on average pro

duced 18% more pod yield than the resistant control in ten evaluations. 
Tile search f'or resistance is also being persued in western Africa by ICRISAT scien

tists working at the ICRISAT Sahelian Center. Between 1989 and 1991, in collabora
tion with national research institutions in Burkina Faso, Niger, and Senegal they 
tested 25 lines assembled from a range of resistant lines, breeding lines from ICRISAT 
Center, and cultivars from western Africa. Trials vere conducted in all three coun
tries to check the stability of resistant lines in western Africa; to test western African 
cultivars for their reaction to the pathogen, and atlatoxin, and to test advanced breed

ing lines for their levels of resistance. 

Average seed contamination varied with year and location from 5%to 37%. 
Among the ICRISAT advanced breeding lines that have resistant parents, three were 
resistant, showing that they had inherited the genes for resistance. Fungal contamina
tion was generally well correlated with aflatoxin content, which ranged from I to 450 
parts per billion. Only one line was highly infected with A. flavus, but contained only 
a low level of aflatoxin, suggesting that this line is resistant to aflatoxin production in 

western African conditions. 

Although there were differences in the levels of both fungal infection and alflatox
in contamination between the five trial locations, there was no correlation between 
locations and genotypes. This suggests that screening for resistance can be effective at 
a single location, i.e., the one where infection is most severe. The trials showed that 
the ICRISAT Sahelian Center is an appropriate place to conduct future trials. 

Spreading the Word 

During the year 78 713 copies of ICRISAT publications and 61 150 copies of our four 
newsletters were distributed worldwide. This is twice the number distributed in 1991 
and includes 6444 copies distributed through the Cereals and Legumes Asia Network 
(CLAN) to collaborators in II member countries in Asia. A special follow-up by the 
Human Resource Development Program (HRDP) renewed contact with 356 previous 
participants in HRDP activities, and as a result 4139 copies of publications were sent 
to 55 countries. A new Skill Development Series from HRDP includes nine printed 

issues and seven computer-aided lessons. These first 13 issues, which were widely dis

tributed to HRDP participants, had a very positive reception. 
The year saw a welcome increase in the number of copublished new titles; two 

with other CGIAR centers, one with CAB International, and one with a national 

program. 
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ICRISAT publications, in particular those used by field-based scientists and extension 

staff, need to be translated into local languages. The Cereals and Legumes Asia Net

work (CLAN) has initiated this process; two Information Bulletins were translated by 

and copublished with the national programs of four cour.tries (Bangladesh, China, 

Myanmar, Nepal. and Sri Lanka); and with the International Center for Research in 

the Dry Areas (ICARDA). CLAN will work towards further translations of existing 

and forthcoming titles. 

In addition to the material published or copublished by ICRISAT, 52 articles by ICRI-

SAT staff were poblished in international scientific journals, and 29 papers presented by 

ICRISAT scientists ait workshops or conferences were published in proceedings. 

ICRISAT videos Participatory Research with Women Farmers, and Living with 

Drought have proved to be very popular. The videos were distributed by the Tele

vision Trust for the Environment (TVE), UK. I'VE is an independent international 

charity co-sponsored by the United Nations Environment Programme, Central Indepen

dent Television plc, and the World Wide Fund for Nature. It is working to raise 

awareness of environment, development and health issues through the media. A total 

of 704 copies of Participatory Research with Women Farmers (English 468, 

Spanish 42, and French 43) were 

distributed in 68 countries, and 

112 copies of' Living with 

Drought (English 35, and French 

V 77) were distributed in 47 coun

tries. A recent video production, 
, : -- ,'i Peas for Prosperity was distrib

uted to 1.4 countries (60 copies) 

p m ~ during 992. 

{ 1!j An updated version of ICRI

- , :SAT in Print that includes details 

,, " j of all publications by ICRISAT 

and its staff over the past 20 

Syears will soon be available on 

searchable diskettes. 
Multilanguage versions of Injormation Bulletins New publications during 1992 
translatedby, and copublished uith 
several nationalprograms through CLAN. are listed on pages 70 and 71. 



Highlights from ICRISAT 1992
 

Sharing Information 

In 1992 over 5600 records were "- "
 

added to the Semi-Arid Tropical
 

Crops Information Service (SAT-


CRIS) database which now holds
 

36 000 records. The Disserta

tions Abstracts International and
 

th, SESAME databases were
 
added to the collection of data- \ 
 K\,5
 

bases on CD-ROM, further
 
improving ICRISAT's capability to i.; Z 

respond to search requests. The ,/
 

Selhective Dissemination of Infor- .
 

mation (SDI) service added 49
 

new users from 7 countries in /
 

Conposing an IRISATIpublication.Asia and Africa. It now reaches 

388 users in 47 countries. The on-denrand search service registered a 40% increase in 
demand over 1991. Users from 19 countries in Asia and Africa were provided with 

the results of 701 searches in 1992. 
A database on the groundnut aflatoxin problem was developed and is available on 

diskette. A User's Manual was produced to accompany the diskette, and the package 
is being distributed worldwide on request. Work has started on the development of a 
computer-based advisory system on groundnut plant protection. 

Several developments in francophone western Africa have contributed to 
improved coordination of acquisitions, better document delivery and exchange of 
publications, and more focused targeting of SATCRIS services to national programs. 

The French Centre d'information pour le diveloppment hconomique et social 
(CIDES) sponsored the production of a bibliography on research in Niger in collab
oration with the ICRISAT Sahelian Center library. It will be published by CIDES in 
1993. National programs in Ethiopia, Mozambique, Nigeria, Uganda, and the Arab 
world were provided with software developed by the library and/or a database on the 
Union Catalog of Serials in the International Agricultural Research Centers. Formal 
working relationships were established between the ICRISAT Sahelian Center and 
Niger's national program and the Institut national ce recherches agronomiques diu 
Niger (INRAN), Centre r~gional de formation et d'application en agromntlorologie et 

hydrologic opirationnelle (AG RIYMET), and RESADOC. 

61 



ICRISAT Networks and Collaborators
 

Networks associated with ICRISAT programs 
Asia Latin America 	 Western Africa Eastern Africa Southern Africa 

'etwork CLAN 	 CLAIS CLAIS WCAMRN WCASRN EAR5AM SMIP
 
(Central America (South America) ROCAFREMI ROCARS
 
and Caribbean)
 

.rop(s) All mandate 	 Sorghum Sorghum Millet Sorghum Sorghum, Millets Sorghum, Millets 

lember Bangladesh, 	 Costa Rica, Argentina, Bolivia, Benin, Burkina raso, Benin, Burkina Faso, Burundi, Ethiopia, Angola, Botswana, 
-ountries 	 China, India, Dominlcn Republic, Brazil, Colombia, Cameroon, Chad, Cameroon, Central Kenya, Rwanda, Lesotho, Malawi, 

Indonesia, El Salvador, Ilaiti, Ecuador, Mexico, C~te d'voire, African Republic, Somalia, Sudan, Mozambique, 
Myanmar, Nepal, Guatemala, Peru,Trinidad and Gambia, Ghana, Chad, C6te dlvoire, Tanzania, Uganda Namibia, Swaziland, 
Pakistan, I londuras, Mexico, "rohago, Venezuela Guinea Bissau, Mali, Gambia, Ghana, Tanzania, Zambia, 
Philippines, Sri Nicaragua, Panama Mauritania, Niger, Guinea, Guinea Zimbabwe 
Lanka, Thailand, Nigeria, Senegal, Bissau, Mall, 
Vietnam Togo Mauritania, Niger, 

Nigeria, Senegal, 
Sierra Leone, Togo 

Associated Regional and INTSORMIL, IICA, INTSORMIL., IICA, SAFGRAD, INSAII SAFGRAD, INSAII INTSORMIL, SACCAR 
institutions international in ciAT,CATIE, CIAT, CATIE, SAFGRAD, ICIPE 

Asia CIMMNr CIMMYT 

Coordination ICRISiT Center 	 LASIP LASIP ISC, Niger WASIP, Mali EARCAL SMIP 

Support ADIt, UNDP 	 IICA, PCCMCA, IICA, I'CCMCA, Swiss Development USAID USAID CIDA, GTZ, USAID 
INTSORMIL, INTSORMIL, Cooperation 
Seed Companies Seed Companies 

Institutionsworking in
 
collaborationwith ICRISAT
 
on researchprojects in 1992.
 

250 
 ... Universities 
ol NARS 
o0 CGIAR Centers 
[] Others 

. . .
150 

100 	 . 7 < ~i 
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Technology Exchange 1992
 

ICRISAT lays great emphasis on sharingits knowledge. hI addition to the Human Resource Development 
Programsthat involve many participantsat most ICRISAT locations,staff share the results of their work 
through workshops, field days, trainingcourses on specialized topics, and in meetings and tours. The follob 
ing is a representativeselection of those held in 1992. 

January 
Monitoring Tour and Workshop on 'Managing chickpea, pigeonpea, 
,andgroundnut in rice-hased cropping systems', held in Myanmar, 
42 priicipants from 11Asian countries. 

Researci Farm Management Training Course, held at ICRISAT Center, 
9 participants from 7 Lotuntries. 

WARD\/ICRISAT Training Course on 'Computer application and sta-
tistical analysis in agricultural research', held at ISC, 16 participants 
from 7 Louitrie-S. 

February 
Groundnut Production Training Course, held at ICRISAT Center at 

AOAD request, 16 participants from 4 countries. 

March 
Fifth Regional Groundnut Workshop for Southern Africa, held in 

Malawi, 35 participants. 
Regional Workshops for Review and Planning of Pigeonpea Research 

in Eastern and Southern Africa, held in Kenya (27 participants) 
and Malawi (14 participants). 

Workshop to 'Coordinate research on groundnut transformation and 
regeneration', held at Wageningen, Netherlands, 14 participants. 

WCAMRN Workshop on Pearl Millet Improvement, held at ISC, 
13 participants from 14 countries. 

Ninth Annual CLAIS/PCCMCA Meeting, held in Managua, 
Nicaragua. 

First SADC Regional Groundnut Plant Pathology Training Course 
held in Malawi, 23 participants from 7 SADC countries. 

FA(/ICAIVlCRISAT Regional Training Course on 'Quality aspects of 
food legumes and coarse grains with special emphasis on nutritional 
and anfinutritional factors', held at ICRISAT Center, 22 participants 
from 11countries. 

ICAR/ICRISAT Peanut Stripe Virus Training Course, held at ICRI-
SAT Center, 9 participants from India. 

Field Day for Indian Seed Producers held at ICRISAT Center, 
55 participants including 26 private, 4 public seed production 
agencies, and All India Project Coordinators. 

April 
Vietnam/AGLN/AGLOR Review and Planning Meeting, held in 

Vietnam. 

May 
NBIPGR/ICRISAT GRU Annual Planning Meeting for Germplasm 

Evaluation and Exploration, held in New Delhi, India. 
AIDAB/COMCIAN Regional Crop Modeling Workshop at ICRISAT 

Center, 20 participants from 6 Asian countries. 

June 
AGLOR Review and Planning Meeting, held in Rampur, Nepal, 

16 participants. 
KARI/EARCAL Field Day, held at Kiboko Research Station, Kenya, 

98 participants. 
July 
Training Course on 'Strengthening national research in plant genetic 

resources', held at the Central Agricultural Research Institute, Yezin 
Myanmar. 

August 
CLAIS International Sorghum Short Course, held in Brazil. 
IITA/INRAN/University of Arkansas/ICRISAT Experiment Station 

Operations Management Course, held at ISC, 28 participants from 
7 countries. 

Pigeonpea Monitoring Tour in eastern and southern Africa. 
ILCA/ICRAF/IFDC/ICRISAT Computer and Statistical Training 

Cour:ie, held at ISC. 
September 
Regional Sorghum Scientists' Meeting, held in Kano, Nigeria. 
WASII' Nigeria Field Days, held in Bagauda, Nigeria. 
Sorghtm and Pearl Millet Research Planning Meeting for the SADC 

Region, held at SADC/ICRISAT SMIlP, 53 participants from SADC 
countries. 

Third Regional Groundnut Workshop for West Africa, held in 
Ouagadougou, Burkina Faso, 50 participants from 14 countries. 

CIAT/ICPISAT Training Workshop on 'Food quality and consumer 
testing', held at SADC/ICRISAT SMIP, 8 participants. 

First Annual CLAIS South America Meeting, held in Brazil. 
IRRI/ICRISAT Meeting on Ecoregional Approach in Asia, held at iRRI, 

Philippines. 
International Bacterial Wilt Symposium, held at Kaohsiung, Taiwai 

91 participants from 25 countries. 
EARSAM 8th Regional Workshop, held in Wad Medani, Sudan, 

43 participants from 7countries. 
International Symposium on 'Assessment, monitoring and manage

ment of stressed agricultural ecosystems', held in New Delhi, 
India. 

November 
ICARDA/ICRISAT Workshop on Adaptation of Chickpea, held at 

ICARDA, Syria. 
Second Groundnut Bacterial Wilt Working Group Meeting, held in 

Taiwan, 21 participants. 
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Seed Distribution 1992
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ICRISAT Plant Material 1992
 

ICRISAT name Release name Country of release Remarks 

ICRISAT material directly released as cultivars by national programs 

Pearl Millet 
SI),IV S9)04 PMV 2 

SFingerMillet 
SDFM 723 FMV 2 

Chickpea 
ICCV I0 Bharati 

F1L' 83-48C Rizki 
FLII' 84-92C Douyet 
FLIP 82-259C Adrin 92 
FII' 85-14C Menemen 92 
FLIP 85-60)C Izmir 92 

[:LIll 81-293C Noor 91 

ICPX 78120-WBVB-WB Birsa-Arhar-I 

Pigeonpea 
ICP 11384 Bageswari 
ICP 6997 Rampur rhar 
ICPL 85010 
ICPL 85012 

Ziuihabwe 

Zimbvbwe 

Central and Southern 
Zones of India 

Morocco, Pakistan, 
and Turkey 

Morocco 
Turkey 
Turkey 
Turkey 
Pakistan 

India 

Nepal 
Nepal J 
Himachal Pradesh, India 
Maharashtra, India. 

First pearl millet jointly produced by SADC/ICRISAT SNII P 
and Departmwnt of Research and Specialist Services, 
Zimbabwe. Early-maturig, escapes drought. Good farner 
acceptance. Positively received in Malawi, and in on-farni 
trials in Narnibia and Botswana. 

One of the first two finger millets released in Zimbabwe. 
Derived from PI 462073 that originated in India. Selected 
through joint collaborative trials by the Crop Breeding 
Institute, Department of Research and Specialist Services, 
and SADC/ICRISAT SMIl. 

Short- to nedium-duration, resistant to wilt, less susceptible 
to dry root rot and llelicoz'erpa than controls. 

Kabuli cultivars developed by the ICARDtVICRISAT Chickpe 
Project. All resistant to ascochyta blight and cold-tolerant. 
Released for winter sowing in traditionally spring-growing 
areas. 

Kabuli cultivar developed by the ICARDA/ICRISAT Chickpea 
Project, resistant to ascochyta blight and cold-tolerant. 
Released for winter sowing to replace an ascochyta blight 
susceptible cultivar Pb I released in 1933! 

First variety released from an ICRISAT segregating population 
resistant to wilt disease. 

Medium-duration selections identified from germplasm 
supplied by ICRISAT, resistant to sterility mosaic disease. 

Identified for prerelease, does well in hilly areas. 
Identified for prerelease in Vidarbha 

ICRISAT material under advanced evaluation/consideration for release 

Sorghum 
2KX 17 Tegemeo 9 countries 

ICSH 507 
Malisor 84-1 

ICSV 401 IN 1
 
ICSV I I IN 
ICSV 16-5-15 

Chickpea
 
ICCL 86237 

ICCX 4058 (Dhanush x K850) 


ICCL 83228 

ICCL 83105 


C6te d'voire 
Senegal 

Ghana 

Bangladesh 
Nepal 

Bangladesh 
Bangladesh 

ICRISAT-bred, widely grown in Tanzania, in WASIP/NARS 
trials for sooty stripe resistance. 

In on-station trials 
In prerelease evaluation 

In prerelease evaluation 

Tolerant of botrytis gray mold 
The cross produced high-yielding, large-seeded, botrytis

resistant lines; two are tinder consideration for release 
High-yielding, wilt-resistant, likely to be released 
High-yielding, wilt-resistant, large-seeded, likely to be 

released 
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ICRISAT Plant Material 1992
 

CRISAT name Release name Country of release Remarks 

ICRISAT material under advanced evaluation/consideration for release (continued,) 

roundnut 
ICGV 87157 Sierra Leone Resistant to rust and tolerant of late leaf spot, in on-farm 

trials. 
ICGV 88372 Cyprus Large seed mass, suitable for confectionery use, in final 
ICGV 88412 J evaluation, 
ICGV 86014 Tamil Nadu, India Early-maturing, in adaptive trials at 40 locations. 
ICGV 86143 
ICGV 88398 1 India Large-seeded, suitable for confectionery use. Identified for 
ICGV 88438J testing inAICORPO Hand Picked Selection Varietal Trial 
ICGV 87354 India Drought-tolerant, identified for large on-farm trials in 
ICGV 87359 drought-prone areas, AICORPO, India. 
ICGV 86325 India Final stage testing in AICRI1O Zone V, India. 
ICGV 86300 

ICRISAT material used to develop new cultivars by national programs 

Sorghum 
ICA Yanuba Colombia Released by ICA, based on material provided by ICRISAT,
 
HE 241 J selected for tropl al areas of the Andean valleys.

ICSV 1079 BF Western Africa In use as Striga-resistant parents in four NVCASRN trials.
 
ICSV 1078 1F
 

Pigeonpea 
AKG 46 Akola Maharashtra State, India Short- to medium-duration, developed by scientists of 

Punjabrao Krishi Vidyapeeth, Akola, from ICRfSAT-supplied 
material. 

ICI'L 85047 India Identified as resistance source of wilt and sterility mosaic by 
AICPIP. 

ICCL 86102 India Recommended by AICPIP as donor parents f6r Helicoverpa 
ICCC 86103J resistance. 

Elite germplasm/parental material released by ICRISAT 

Pigeonpea 
ICIIL 87119 Central and Southern First medium-duration ctiltivar to be released since 1978 and 

Zones, India first with multiple disease resistance (wilt and sterility 
moshic) to be released at national level. Identified by AICIIIP 
as resistance source. 

Chickpea 
ICCV 2 Myanmar Extra short-duration kabuli tinder consideration for release. 
ICCC 42 India Ricommended by AICPIP as parental source of wilt and root 

rot resistance. 
Groundnut 
ICGV 86031 India High-yielding breeding line with multiple resistance to and/or

tolerance of Spodoptera, leaf miner, jassid, thrips, bud 
necrosis virus, and iron chlorosis. 

ICGV 86564 India High-yielding, large-seeded breeding line with high oil content 
and improved oil quality. 
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IAwards and Distinctions
 

[. Yeshwant LNone, Deputy Director General, was honored with the 'Shri Oi
 
Prak ash Bhasin Award f'or Science and Technology 1991', f'or his outstanding
 

A 	 contrikutions to agriculture by the Prime Minister of India, I lis Excellency, 
PV Narasimha Rao. This award is presented annually to encourage scientists and 
technoh-istsworking in India. 
C Fred Bntloy, Iorner Chairman of the ICRISAT Governing Board, became an 

External Fellow of the National Academy of Agricultural Sciences, India. I le was 
,.. also one of the three recipients of the 'International Recognition Award' of the 

-'. Agricultural Institute of Canada. He attributes both these awards to his associatio 
, with ICRISAT. 

Leland RHouse, formerly Executive Director, Southern African Programs, was 
'f\ -"" ''appointed a Fellow of the American Association for the Advancement of Science. 

YL Nene, SM Virmani, Principal Scientist (Agroclimatology), Resource 
Management Program, ICRISAT Center, K Anand Kumar, Principal Scientist 
(Breeding) and Team Leader, Cereals, and MVK Sivakumar, Principal Scientist 

Or YI. N'env receiving [lie (Agroclimatology) and Team Leader, Resource Management Program, ICRISAT 
Shri On Prakash hasin Award. Sahelian Center, became Fellows of the Indian National Academy of Agricultural 

Sciences.
 

MVK Sivakumar, was nominated by the Government of Niger as a member of the 
Niger National Committee for the International Geosphere-Biosphere Program. 

MP Haware, Senior Scientist (Pathology), Legumes Program, received the 
Dr MS Pavgi Award 1992 f-om the Indian Phytopathological Society. 

AM Ghanekar, Plant Quarantine Officer, was elected a Fellow of the Indian 
Phytopathological Society. 

RC Sachan, Senior Engineer, was elected Director (Technical Council), Soil 
Water Engineering, 1992-94 by the Indian Society of Agricultural Engineers. 

MV Reddy, Senior Scientist (Pathology), was awarded the Jennaredy Venkat 
Reddy Prize by Andhra Pradesh Agricultural University (APAU). Instituted by the 
Farmers' Wel fare Trust, [lyderabad, the prize honors eminent agricultural 
scientists working in the Telanga-i Region of Andhra Pradesh. 

Soil Water Inorganic Nitrogen in Two Iniercrop Components, Sorghum and 
Pigeonpea-A Pot Experiment a poster submitted by 0 Ito, STobita, RMatsunaga, 
TP Rao, and C Johansen, won the Best Poster Award at the International 
Symposium on Nutrient Management for Sustained Productivity. 

Participatory Research with Women Farmers, a video conceived by former 
ICRISAT Principal Entomologist M Pimbert and directed by PV Sateesh of 
Development Perspectives, Hvderabad, won the Best Video Award in the 'Service 
category at a video festival organized by the Andhra Pradesh Chapter of the Public 
Relations Society of India. 
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Agreements Signed by ICRISAT
 

ISAT/Natural Resources Institute (NRI), UK. Memorandum of Understanding signed
 
January, for general colia-oration and information exchange in integrated pest
 

anagement.
 

yanmar-Cereals and Legumes Asia Network (CLAN)/ICRISAT Work Plan 1992/93.
 
rst Letter of Agreement under CLAN, developed at areview and planning meeting
 
Id27-29 January in Myanmar, attended by representatives of all 11 CLAN
 
untries.
 

RISAT/Chinese Academy of Agricultural Sciences (CAAS) Collaborative Work Plan 
92-94. Signed at ICRISAT Center 2 March, supplements the Agreement of 

,.ooperation signed in Beijing on 2 May 1988. Covers awide range of activities of 
otential interest to both parties. 

RISAT/Government of Kenya. Agreement signed 2 April, for the establishment of a
 
egional center for ICRISAT in Kenya. The center will assist Kenya and other
 
ountries of eastern Africa to enhance food security through sustainable agriculture in
 
he semi-arid tropics of the region.
 

ri Lanka-AGLN/ICRISAT Work Plan 1991/92. 
igned 29 April, for collaboration in agricultural research for the development of 

CRISAT's cereals and legumes and their farming systems. 

CRISAT/International Center for Agricultural Research inthe Dry Areas (ICARDA). 
Memorandum of Understanding signed 
27 May, for reciprocal duplication of chickpea 
germplasm collections and data. 

ICRISAT/Indian Council of Agricultural 
Research (ICAR). Agreement signed 15 June, 
for acollaborative project on 'Farmers' 
preferences and production constraints for 
pearl millet genotypes in rainfed crop
livestock systems in different agroecological 
environments of Rajasthan'lnvolves the 
Central Arid Zone Research Institute 
(CAZRI), Rajasthan Agricultural University, 
Government of Rajasthan, and ICRISAT. 

ICRISAT/International Livestock Centre for 
Africa (ILCA). Three-year extension to the 
existing Memorandum of Understanding, 
signed 3 August. 

.ICRISAT/Internatlonal Board for Plant Genetic C li ng ch n Pa 
Collecting chickpea in Pakistan.Resources (IBPGR). Memorandum of Understanding on collaboration with the 

ICRISAT Sahelian Center signed 25 September, to develop activities on the 
conservation and use of plant genetic resources of mandate crops of ICRISAT and 
other crops of national and regional interest. 

69
 



Visitors to ICRISAT 199. 

12 

10 

8 

u-l6 

"'.. 

El VIPs 

E0 Farmers 

0l Extension Personnel 

Dl Scientists 

El Students 
El Administrators 

El General tnterest 
_F- ._Minister 

2 

0 


,. ; I 


J. 


T'otal numbers o/visitors to all I(RIM I 
locations in1992. 

lis :xcellenc' I'V Narasinha Rao, Prin 

of India (center) inspecting 11 

range ofdiversity shoun by pearl mill, 

accessions in the IWRISAT Gene Bail 
during his visit to IWRISAT Center-ti 

highlight of'the elebrations/br ti 

lnstitute's 20th Annirersar 

.r- .
 

.
 



ICRISAT in Print 1992
 

Books 


Utilization
ofsorghtunand millets. M.I. Goiez, 

L.R. I Roontey and D.A.V. Dendylouse, I. W. 
(eds.). Issi-Q. k,,,i.7. 

A kon pllat ion of 2S papers presented at a 
workshop in Bulawayo, Ziribahwe, in Feb 1988, 
plusworking group discussions on the policy, 
practie, 3nd potentiil relating to the uses of sor-
ghuti 31d milets throughout the world. 'he 
hook suggests diretions for resear h and devil
opennt c'iforts aited 'tbetter utilization of sor-
glituui ails itllets. 
Surh nda an1111s: sex ond world 

R.A. Frederiksen, 
and (;1).l'ngston, (eds.) ISIN .211 S.. 

Ifev\ituws progress iade on sorghui diseases 

review. W A J.de Milliano, 

India lin witionil agricultuirailprogran s(lientists, and ex.sim, e the first gloll workshop held in 
I i'ed,; and goals for th-

'xt decade, and disctusses the *strengtheningof 
working rilationships among pathologists study-
ing sorghun and 11illets diseases. 

'17 , identilies it-seavi 

lictediology +',,dcrop improvement in Asia. 
J P MOios tod ISBN r I o e iah-4.. 

lhe result of a workshop held at ICRISAT 
C:enter 3.7- ')ec 19910. Outlines the role of the 
Asiain Delirpn faitk (AI) in strengthen-
ingbiotic hnology rt'search in Asia and those 
crops and areas of crop inprovement to which 
hiote, hnoogy tiild be appedtd. Presents the[-

thenbiotec htoligy programi, ard highlights major pests.dianNot, ho~oy pogra,ad hghlght heorally€, 

idvanltages and disadva:r.tages of prnvate coot-
parts involvement it biotechnology research. 
Reviess the major disc iphnes ii biotechnology, 
and ,cntinus a glossary antiindex. 
)atabase inn tie groundnut fllatoxin+problem 

and users' mranual. V.K Me han, L.. I laravu, 1). 
Mcl)nald, S. Javanthti, and P.K. Sinha. ISN 
-'2' 41w,21; S. I 

Supplied as Ill diskettes containing annotated 

bfbliographic data tir all aspicts if the ground-
nutaIlatoxinl problem. The database is usable 

wth the i ni-Micro CDS1SIS )atabase Man-
,igitnett Software Pa(kage deeloped by tN-
ES(t). A I Isers' Manual provides instruttions on 
installation, interpretation,anid rise. 

)esriptores para rani, )s( riptors for 

0-.ia143 ,1- 3. Copuiblislid With thelnterntional 
loard forPlant Resources (IBI'GRGentll 

ltims trilingual the international)ly acolutii' i 

Sipted format fur I ll'( it'sc riptor
lists updates 
two i-ar]Ic ersons. The list'of its universally 
Understood lang age' for plantgnetic resources 
data s-ill assist the utIiatinr of germiplasit 
througiout the internatinal plant genetis re-
sour vs ntwtrk 

Research Bulletins 

Al OiLtLAIirrl Sieni's i it It ICRIlSA'I ituiff all 
(ot.sltuit report the Jinings of longlterm re-
arr(ii pr i'ii i he t etuit ltt'ier' i%peer stirn-

tst uiuvcldidt' 

No.16 Identiitatiti and ulitli-aon f sniut re-

sistarie in pearl mitllit. R P'Ihakur, S.B. King, 

K.N. Rai, and V P Rio. ISIN ,'2-i,,'.-17.4. 

Identificationetutilisation de Ia r~sistante au
ISiN ' 2.0(k, . , .Bsarlin do rmil. 

13.'scribes the progress tiade from 1976 to 

9A,)at ICRISAT Center, o theildentification 
and utilizationof smut resistante in pearlmillet, 

Aimis to help breeders and pat hologists invlved 

in the genetic iniprovenient of pearl millet,to 
achieve sUstain'lI increase in productivity by re-
ducing grain yield losses Irm srluit. 

Information Bulletins 
"'his inOritallseries ofs/ort, iell-illustrated 

i% ii' nu i i'chicle for iifornatiot 

derived from IC/ S,' re.earch Jinlingu 
publicatios 

tut h4s 
irinediate ipplitison Ihetarget iiudiences are 

temLiris staff ii countre of the seiii-aridtropics. 

No. 32. Telrhniqnes ti s(rent sorgiurts forre-
sistance to insert pests. II.CSharma, SI.. ]'an-i 
via, K Ieusc hner, and K.F. Nwanze ISIN 
"2 34),.21"1. 

Sorghun is one of tile most inmportant ctreal 

crops it the semi-arnd tropics. Grain yields on 
peasant farms are generally low, insect pests be-
ing one of the major factors limiting produ tion. 
This publication describes teehniques ised to 

screen forresstante, tuethods of evaluating i-
sect damtrage, and the sources ol resistanci' to tile 

No. 33 IBusseola fusca (Fuller), theAfrican 
rtaize stalk borer: a handbook of information. 
K.I. I larris, and K. F. Nwranze. I SBN 
92.10m;.224.7. Copublished with (.AB 

International. 

Intwo parts; the first comprises a cornprehen-
sive review of thebiology and managerent of 
lBtsseola fu.sca, and the second artannotated bib' 

liography oif nearly 400 references published bet- tanayak. (eds.). ISBN '2.0iiiw,.222-l. 

groundiit, )esripteurs po r l'arachide. IsIIN book is designed to assist agricultural research 

seell 19MX)ant 1991. 

No. 36/.Fie-d diagnosis of ground nut diseases. 


1'. Subrahmianyarii, S. Wongkaew, D.V.R. 
Reddy, J.V. Deniski, D. \Donald, S.B. 
Sharota, and D.1 1.Sniit;,ISBN 92.141, -25,.7. 

Diseases are major con.;traints to grouindnitt 

production throughout theworld. This hand-

and extension workers, who itay have little for-
rial training in plant pathology, to riakitenta-
tivediagnoses of groundnrirtdiseases caused by a 
wide rangeof pathogens. -he most characteristic 
fieldsyntptonis of each disease ari illrstratel 
anI described. A French edition is ii 

preparation, 

No. 26. Pigeonpea and duickpea insect identi-
fi(ation handbook. W. Reed,S.S.I eef,S.Sit-
hananthati, ants (S Pawar. Nepali (ISBN 
12-4),t; 241i7). (:Iinese (ISBuN ''2-,hw-2413-), 

Singhala (ISBN '12-0,,.244.I), Tarnil (ISIN 
'2-i0,,24;..). 'Ayannia (ISBN 92.io,.242.5) (in 
r, paration)."['ranslat'd by anti opublished

vith the National progra Iigh Cereals andmsthro 

Leguiis Asia Network (CIAN). 

No. 28. Fielddiagnosis of'(liicklpa diseases and 
theircontrol. Y.I.. Neni, M.V. Reddy, NIT. 
I lavare,A M Gliank3r,and K.S Arit. 

Nepali (IsliN ,2"2.'t,241.S),Chirse (ISBN
12.1-5w,-24S-4). lantgla (ISBN '4i2-.i, 24'- 2), N1y

annia (ISHN ''2- ,t.247.) (in preparati .). 

Translated and copublished with the N-tional 
Programs, antiArabic (ISIiN 12-S0iw,.250 ) trans

flaed by and copublished with the Internatioial 
Center for Agricultural Research in Dry Areas 
(ICARDA), through the Cereals and Ieguies 
Asia Network ((IAN). 

Conference/Workshop 
Proceedings 

The lcit ue'i sp orhip of ,aconference or 

uorks/iop, eipeciaillv at the iuturttiorua letel, 
rnororallv includes puliation if lteproceedings 
or a ianIfare rceprl s' (,RISA . 

niam inggrain legumes resear.If in Asia: sul
tary proreedings iif tire Asian Grain I egurnes 

Network Coordinators' Met lng, 10-12 Decen
her 1990. ICIIISAT Center, India. D.G. Faris, 
and O.1'.Rupela. (cds.). '2IS13N 'I ho 221 2 

Reviews theactivtrus of theAsian Grain L.e. 

gunes Network (AGL N). Examines the progress 
made by AGI.N in collaborative activities involv
ing groundnit, chikpea, and pigeonpea since 
thelast enetngin Dec 1988. Presents tie past, 
present, andIfuture tole oh networks in AGI.N 
itintrcs. Recomminds ways to enhance collab

research on AGI.N crops and other net

work actvities. 

Sorghur research and development network 
for Asia: report of the Consultative Meeting to 
Consider the Establishment of a Sorghum Re

siaach atd Devttrlent Network for Asia, 
16-19Sep 1991, ICRISA'r Center, India. G. Al

agarswarty, J.V. Sttnhiorise, arid CAI. Pat-

A report of a iteeting of Asiannati-nal stil-n
lists anti administrators to dit nsN So~rghuml pro
dution aonstraantrs ia,and sgtin iearsto 

alleviate theii. The group resolved toestabhlish a 
Sorghim R'search aid Development Network 
forAsia, whose overall goal is to elevatethe sta
tris of sorghiitli froti that ifa utere sirsistence 

crop toa high-'valuecrop. 

Soilwater balarie in liieSudano-Salhelian 
Zone: sunitlary prix-edings of an International 
Workshop, 18-23 Feb 1991, Niaiiv, Niger. 
Iila hydrique en zone soudano-sah6lienne: 
comptes reidus d'un Atelierinternational, 
18-23 fkrier 1991, Niaiey, Niger. NIM.V.K. 
Sivakuniar, J.S.Wallace, ansl C. renard,(eds.).
ISBIN112-40w, -21O7. 

This workshop briight together scientists 
frort many disciplines to shaletheirexperience 
anti tocontribute towards evolving an effective 
synthesis of the State of water halirce research 
t the Sudano-Salisan Zone.This bilingual vol
ure presents surnmaries ofthe five re-Sessions, 

ports of the patiing groups thatdealtsith new 
Systes andlesi it analysis ofs, as ren ent an 


weather, crop, and soil data, modeling, technol

ogy transfer, anti management, tile mari issues 

for future restarcth nil collaboration, and 21 rec

olnnlerdations for actis01. 
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m ,Pi1 , in eastern and soutern paper,rs tht rviton's Varis t lgirriroLetrumis-p R esour 
mary proceedings of theiL iaurhing Meetings grtiuiroiiet rt-st-arh, ,,artitularly agronomly and i I t'ltHti, lt-uris ITInlt at1 RlSAT (Ci'rnteir, 
for the Afri(an )evelopment BankilCll SAT lihvssioIigv, ard surn rli- hst' tvtit gruld- and rio I('H SA' Sa hiar tntir (Niger) aIi 
(ollalborative ligeonpta Projet for 1asterrn not work Ii rt h It the otmtrics rt-lirt-swilrted SA( (> ('RISAT (Zirbabw').
 
wnd Southern Afri(a, 17-18 Mar 1.992, Nairobi, hli- r'vomr Itlairtitirris pri,+ vilItablt gtidt.
 
Kena,' and 30-31 Mar 1992, Lilongwe-, ,\Ialai. l ines r'gitoni] a tivitti. Cereals Prograin Annual Report 1991
 
S I.. Slhlll1, S. Tt'lwah', anod E, MX G+w. (tedv 

ixi-i( Airir( tha 	 rf v Mnarigemenirt ]'rorins, 

iliiN .2 2l' .(s.. I.. (:urrent rt'seart Ii on lt' traisformiation and re- 1,untlllS Program Annunal Report 1991 

Two me1t'etilngs took plate liT Mars I, to generation of groundnt ( eAaiut) ,nd '':;!iza
]atItC I i iar. lcink-h lel thin of viral gen't, t)i virus lProgra i
ia 	 it) indure re.,tanet lesourte Manageirent Annual Report + 
c iollaboratry iel it i-a proi l'ct ft r it ; d ul 	 diseases: stlo irnar and ret o lirnendations of a 1491 

routhernAlri. f) partmi ir liTortan ir llmetintg, 24-27 Apr 1992. Wagt-niirgen Agri
thi rtmmtndationm J stiggn'st'sl work pilam :Iural t niversitvY Wagni inge.n, 'h'lt, Nether- ( tmeititResour ts IUnit Annual HRpiiort [991
 

for initiating ollaliborative tigeoii rtsir h Ill lands. D V R Reddy, j' Mo, jnd I)
 

til two regions. 
 NIL olnll, (ids s"B. 2 .i,, 2I 1(:.lISAI Vest Afriran Progranir, Annual Re

Re'ports i lriv'eti-lig organit'd by IWRISA[ InLo- ptorl 1991 

Faidherbiaalbida in tire Wiest Afrin sem '- roogy De'partmnt. Wigi p'r:tion with thi 

arid trrili s: prtx vediilgs of a workshtlp, 22.26 iniigrn Agrit ultoral 
 nitrity that incld'd I-1 programnmes otest -a riains tit- I'ICRISAT Rap-

Apr 1991, Niame'v, Niger. R.J Vandnblldt. 	 scintrstis fr,, svt tireitri's Surnrrizs tihe piri alintiel 1991 
-


(Ld.). IStN 'n.H,.221i.4 (r1pribliShi1d With tire rt-searlh arid inTs whir' Loopera
state- iii tlltt'. 

intternational Centre hili AgrolTr's- silni be Newslefters
or Heseadr t oulit niouragedr 

try (ICRAF). 	 (;rounidnut: a gllal perspe ttivi,: protitdings 
These procttthrrgs smirimarize tht starte kt of an international workshop, 25-29 Nrrv 1991, SATNews. ros S. 9. I, 11. SSN1011i47I . 

knowledge oir the sTpeirs andi provide cotnpre- ICRISAT (:entier, India. S.N Nrga i (vrd). I';IIN 
hteisiv dettails o1 OligOin, rtsea r h. Papers art 2-+ ... International Arm his Newsltter. no I 
diviIed into sessiorls ill, botany anid disiribution, Provides a omirri nsvi- rico trirrtnI ISSN Iii10-gS24prei' progress 

Uses, geiretics, proirernanke trials, arrd Vgetatov ladt' iri groundi t ri-sr-arh ani prrdlilt International (ClikpeaNewsletter. nrs 25, 26
 

l98 
propagation, sit, silviultur riizo- rr tht h1rhlIdts 11131-01 II.2N ,elle, ts, tr, ttr-hrolirgy s. 30 rralir S112, 

splhe,re, irfd dt+;'trtIii nt issirs. Irlr lrds riI li1T- |tpirs, I(W poster aisir:l ts, adLI rr't orn rltntions
 
iritltationss ftir liitur' ri-si-i;ri h and that outriii- tihe ritirre rr'es'ari ri-quirti nin t i International Pigitrlp laNewslettir.
 

tntliltidlt k ili ar linrIkagis. A I-rh h editlrtl Is III the , rp. Til, 15i, Ii ISSN 2S;,.7 iX.
 

prtepa rat il oii
 

Botrytis gray mold of (hitkpta: sunilmry pro- Plant Material Descriptions General Audience Publications 
(t-cdings of tin- BARI/I: RISAT Worrking (roup 
Mleeting to I)ist uss Collaboirative- Restar ilIt re raJlet rhith provide brief desriptioici o/ ICRISAT in tie Media 
lotrvtis Gray Mild rif (liiiklpea, 4.8 Mar ;991, rrop g'ioivies ideitiJi'd or dnneliuied by ICRI. A cllaili tit press adTltllrth-r intdia o'erage 

hovd't-lpur, larglai-sh. MIl' I laware, I).G SATI, io fai'ili it the identifcation of ctiiirs of' ICRISAT events II I 191. 
Fars, an (.1 [. L (1,ow.na (ills.) ISWt arid liners ;or p/,vrt breeding, and promote their 
',2',i,,.i.2li I. widi' rtrlrintmr. ICrISAT thet :irst 20 Years.
 

roirrs l~lIIrir pap rs klln rntegrated Tian- Nh. 31. Groundrnut Variety IC(;V 8659)(. ISiN Ixs 2) ails di I'ICRISAT.
 

agtlsats-, ridTtsilllaog a r t teirlthe pistan Tvi,.225-	 T2.1 ivailable inThis tonr-nmorativc plblic-atiorn, 
thw'ast', atnd kiits otc-urremte Jt the, problems v , 	 English and Frr'nt'tI, sllws the story (if I(HI
it , ilu int I ia, Bangladesh, ard Ni-pal. Ont- No. 32. ;rounitdnut Elite- G-rinplasin ICGV SAT's sin rissis and ongoinig rwork through Tio
irn's a proplosetd'l wiirk plan for th Clhickp-a 86031.5IS.1N i? 1i)w,.22,., trrgrapihs rtlaittl to vai of the,flurlauses it its 

Working Grotlp on 'ollaborativ'e research on this 	 1llalatt, irdrun tar irs a 'NIi Ir-stonits stion on
strisous pathlogern. 	 No. 33. ICC 4958 A )rirght Resistat Chi(k. t lit rajor i-vtint of tht Instiutt's hiistoar. 

Ipea1.ISItN 102-111,232. 
Managing AGI.N (rips in ri(t-based (ropping 
syst-nis: summary pro(edings of tle \Ivan- No. 34. ICGI. 1, IC .I,2, I( G1. 3, i(c;I. 4, and Indian Prime Minlster's Visit toi ICRISAT 

mar-AG IN/l0HlSAT Workshop and Monitor. ICW. 5 Nonnirdulafing ;rinidnut Gcrnplasin (:enter 

ing Tour, 17-25 Jin 1992. I).G Faris, C..I.I ILines. ISIN 12.r1 ,.2 2. A photitrgrihic rLiord of FV. Narasiihia 

Girwda, arid Thelr 1Ian. (tis.). S1uN Hao's visit tio pJrtil iran in I(CRISAT's 20th Anri 
'12.5 rii,.211 S. Cipulisht-d with yviira Agr -N. 35. Iligcitntp-a Vari'tv ICPI, 332. ISBiN vrsary Celi-brit ions ir 31 Aug 1 1112. 

iin-224 11, 
ro u n d 

riltu r l Sr'rvii t. 
Forty two n,,intists IronT II I os,iTtlunt'rts No. 36, ;-ir-t ic Stir(k Puckt,red-i-al G - Video 

and ICRISAT travellt'd through the dr one andI ](:(;I. fi. I ,2.+<i,N'.277.1' nTT lint '.iN 

dlita ari-a of Myanimar tit oTpari- tht miaagi'- Petasfr Prosperity 
ment asp-1 ts ill grordiTllit, ihTtkpi'u, aild A 23-irinuti lhn airmit tiht Xsian DeIvelop nent 
(rigi-onl a irr rit,-baslt'd k rsrpig sste'ms. Ways Annual Reports Barnk/ICRISAl/Sri Lanka lPig'oni-a proj'ct and 
to overttolili- thilt onrtrarints to ( rlip pirotlhitirl its tlf, t ollnfarrrt'rs and cosumrnrs ill Sri Lanka, 
Ir theste systemirs are LIM iSSi-t ICHISAT Heport J 11i3. a lan hi grown in tire drier are-as of Sri199!.,N iuo17., Pigtonp 

'[lit ICRISAT Report is th' Institutei's nmajor Lanka and c'ould iontribute signiicantly to re-
Pro itclings tif the Fif[h I-gihonal Groundnut publit awarntss Iliotunint, intend, i ti reach a ducing ivntil ir'plrrts and th' proportion of a 
Workshop for Stutlhern Afrit a, 9-12 Mar 1992, widt, rng i f reialers. For lItailed resnults of re- family's il oni, that is spt't un irpulses. iresent 
ILilogwe-, Malawi. R.C. Nagtswara HRao,irod P, siark h nduitllit'd in 1992, tonult Iirogram-heve'l problerirs and poteitaI solutions ar- disCiissMtt in 
Sulbrahlrania (ils.. ISBN '2.3+< ,T,-234-4. Annual Reports availahc fron Ctreals, interviews with larirrers and sietintists. 
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ICRISAT Center 
Administration 


laGes ;RHan, ,.istrili,I)ire torGeneral
Ii ' ;Ili. C .kr.i laaAdior 
tIwI )irc, tor Citeter! horDonor Relations 


lihira i KIPain, Zan/,, Spit iil:ssistant to 

tie lIhre tor Gener.iI fr Planming 


Pier HilireI 'K,Spe, ialAssitanti to the 

I )ir, tor 6ieral fur Eduitional Affairs 


V l./isitanian n, Senior Exe.lctie Officer 

Iliio tr General' Of lice) 


)o%,i (ay, Sinior Adinhinisti at iveSe, retary to 

the I)ire
torGeneral 

Internal Audit 

Stien DI) G ,, ( 'Si., Resear, h Contrats 
(If i, r. NId.ger Internil Audit 


A N V'tnk,itwi er
ussnii,Senior Audit {)i 

Information Management and 


Exchange Program 

Program Office
 

RI' [1,1I~ishcId.
I IN,irogram L.aer 


Intormation Services
 

II ill, K, Mnager Edlitiirial In 

I:ri NI N. ,ii, ,!ii's.'-m, h Editor
! -' 

l ii J Arautm, Senior L'dtor 

V'Sidhn, Editor 

I)epak Miki Editor (untl Jun)
herla, 
S M Sin/h, Assistant Manager (Art and 

'rodu/ ti) 
Gopal K GCiuitni, Senior Art Visuzalhver 
I R Kapoor,Senior Supervisor (Composing 
linit) 
pundra ai, Videographer 

Library and Documentation Services 
I. J I lbruvi, Manager 
P K Siilia, Sinior I)ocunient ation()fiter (tintil 

Apr) 
P S bud/sty, Seiior lulirury 0/1/is1sr 
S rantijlkshni , Siuol Ir ihran' Oiucer 

Visitors Services 
A I..aksuiimaravana
S'mr Scientitic Liaison 
( t/i, er (untid Inn) 

Depak M Pawar, Senior ScientificI.aison 

) ier 

Yeslant I Nene, lbi/,, l)eputy l)irettor 
;eneral 

Crop Quality Unit 

R Iitunathi , I!sA, Program lasder (on itus!I 
h'ti'/) 

Vhii d Si iiim/h Sentr Sc ititist (Ilochemistry) 
V Sii/iratiniit. Sitor Ss intst (Biochetistt) 
NI S Kherdt'kar, Sinior Resiearch Associate 
Genetic Resources Unit 

NMtlakI I ,lengiesha, PrograIrhiopi, I.eaer 
K E l'ras:iu Rao, Senuor SLititst (C;eriplasm)
R I' S lPundirSenior Scientost (Gerniplasin+)S Apa Rao Sntr S, tentst (C t-rtnplasin) 

Si ia 
P Reianiandan, Stnior S itt'itist (Grtiplas) 
A K Singh, Senior S enitnt (Geriiplasit) 

Human Resource Development Program 

I) I. Oswalt, I'-,I pna Trainig Officer and 

ProgramI.eadtr 
B1Diwair, Semior "raititg )licer 

T Nagir, Senior [Iraining 01,, ir 

S KI)dsgupti, Semor Irainig [)Ih~er
Fauidar Singh, Senior lraiing Ofit er 

Farm Development and Opeations 
I) S llisht, ndhia, Nlnjger 
Shiva K Pal, Senior Plant Proti, tion el\fer 
K Ravindranath, Semor Engiteer (Farm 

Mat hinery) 
Raiesh C Saciatin, Senior Engineier 
Marri Prabhiakar Reddy.Senior Agriutilttral 

Officer 

NI C Ranganatha Rat, Sei or Engineer 

Purchase and Supplies

PRainReddy., lanager 

C R Krishnan. Assant ManagerK P Nair, Assistant Minager 

I) V Ranm Raiiu, Assistant Matager 
1) K Mehita, Senior Stores Officer 

P Vishwanath Shenii, India, Assistant Director 
General (Ilaison) 

Liaison
 

OffiterK K Sood, Sei or SiVnrttv 
N V Subba Reddy, Senitor I lorticultural Officer S Krishnan, lanager (l)i'hi Oftite) 
Manotin lbrahini Dawelbeit, Sudain, Senior
 

Reietiruh Felow (Jt.Jd) 


Statistics
 

K Vidyisagar Ra, Setor Statistician (on aid hot 
,usignoitent) 

Plantaio UdQuargemet 

Plant Quarantine UnitA NI(I ihunikar, I'/jt Qitr)uuie ()llitir 

Electron Microscope Laboratory 

A K Murthi,S'nior Enguiiei 


Radio Isotope Laboratory 

S Sivaramikrishim , S,intvist (lot hitustry) 

Cereals and LegumesAsia Network (CLAN) 


Donald G Faris, Cuuihi,Prin,pal Coordinator
 
(uniltit ,r) 

C I. 1.Gowda,Actting Coordinator, ClAN 

Samuel P Ambrose, Indiw, A.ssistant Director 

General (Administration) 


Administrative Services 


R SAiver. Assistant Manager (AJministration) 

A Raiia Murty, St'wor Travel Offier 

Computer Services 

lat's W Estes. I'NA., lead 
S M luitlira, NI ,hagir 
Jnr e ,Manager
S hra 


rasad, Mager I 
T 11R Ndgedlra G.iupta, Setior Computer

irogra niir,'Aiualyst 

Housing and Food Services 
AnilR Paul, Manager 
Sainiran Maiuni/ar, Assistant Manager 
BtR Revathi Rao, Assistant Manager (I loosing) 

(1u1/lit)
I) 	V Suba Rao, Assistant Nlanager (I lousing 

and Warehouse) 

P Subrahmanyani, Sentir Administrative 
Officer 

Personnel 

P NI Meno, Personnel Manager 
N S I.Ktniar, Assistant Manager 
P Suranarayana, Senior lersonnel Officer 
N Surya Prakash Rao, Senior Residetnt Medical 

Oiter 
Physical Plant Services 

I) Suhrnunan, Mnaager (A(ting) 
I) C Raiat/i, Senior Engireer 
N S S Prasad, SenitorEngineer
A N Singh, Senior Engineer 
K Ranicsh Chandra I/ose,Senior Engineer 
S P Jaya Kinar, Senior Adiistrative Officer 
(until
Mar) 

Gordon 1:Nh ;arrigl', Cinidt, )irector, 

Einant
e 

Finance 
S Sethiriau, kAssistant Funamue %tanager
 
K Narava Murty,Senior Actounts Officer
 
C P Raiaiopilan, Senior Accounts Officer
 

Research 
Cereals 

Program Office 
JM Jde WetiA,i Prtgrint Director (until Ieb) 

nrtld I llyth, I.u ia rogram D)reor 
N V N Cha, Senor Administrative Officer 

Crops Research
 
John W Stenhouse,I IN,Principal Scientist
 

(Breeding)
 
:"lhonias I lash, Jr,I NA, Principal Scientist
 
(llreedng)
 

K V Rarnaiah, India, PrincipalGeneticist (until 
alitr)

Francis R Bidtinger. US/A,Irincipal Scientist
 
(Physiology)
 

Kanayo F Nwanze, Nigeria, Principal Scientist
 
(Entomology)
 
(notsliyCarlos S Busso, Itrlv. Associate Principal Cell 
ihologist (until Sep) 

II Frederick W Rattitude, 15/,/,Scientist 
(Breeding)

Eva Weltzien R,Gernuunv, Scientist (Breeding) 
Belum V S Heddy, Senior Scientist (Breeding)KN Rae, Breeding)Sen/or Scitist ( 

B STalhikdar, Scientist(Breeding) 
N Seetharaia, Senior Scientist(Physiology) 
V Mahalakshtti, Scientist (Physiology) (on 

secondtttent)
G Alagarsmiy, Scientist (Physiology)
 
I'Soman, Stentist (Physiology) (until Sep)
 
S I) Singh, .ienior (Pathology)Scientist 
R P Tiakur Senior Scientist (Pathology) 
Ranajit lIandyopadhyay, Scientist(Pathology) 
S I. Tanlia, Scientist(Entomology) 
IIC S/iarmi, St ientist(Entotiology) 
Santosh Giut, Senior Research Associate 
Suiata, India, Postdoctoral Fellow (ICAR) 
Siton John )uffield, IIK, Postdoctoral Fellow 
Jose Antonio Sifutentes, ,\exion,Postdoctoral 
Flo utlM
Fe//os (untilMay) 

Alan Thomas, LIK, Postdoctoral Fellow (until 
]il)
 

AliAbdulla A/-Shurai Yemnen,Senior Research 
Fellow (/tug.Sep) 

Vargas S Jose Ever, Coloiibia, Research Fellow 
(leb.Mor)
 

Abdulwahed Abdulla Sail, ResearchYemten, 

Fellow (Aug.Oct)
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Moianuned Ahnned Saed, Yenten, Research 
Fellow (Aug.Oct) 

Bin; Berhane Gonta, Ethiopia, Research Fellow 
Mohr Ali I lnbaishan, Yeimen, Research Fellow 

(Jul-srep) 

Eastern Africa Regional Cereal and 

Legumes (EARCA) Program, Kenya 


Stan B King. USA, Principal Scientist 
(Pathology) and 'earn li.adcr 

Vartan Y Guiragossian, France. 
SAFIGRADI/ICRISAT ('oordnrator Ior Sorghurn 
and Milet, Eastern Aim a (ni midv leatie) 

Sainwin Z Muknru, Ugida. Print pal St ientist 
(Breeding) and I'ARSAM Coordintor 

Latin American Sorghum Improvement 

Program (LASIP), Mexico 


Coipton . Paul., Guiin , lirinc1pal Scientist 

(Agronomiry and ''earr leader 


Rene Clara V, 1:1.alialor, Assoc late Sorghum

lBreeder 

Legumes 

Program Office 
Dunat Mt Donald, IlK, 'rogram )irector 

Crops Research 
SIenk A sail fthtenen, Netherlans, Principal 

Sc tilt st (Breeding) 
Rasiah PiArlyanayga in, Sri lana,Principal 

Scientist (BIreeding) 
Shyarr N Nigari, India, Principal Scientist 

(Breeding) 
J P Nloss, IlK, Principal Scientist (Cell Biology) 
Chris Johansen, Australia, Principal Scientist 

(Physiology) 
Osaiiu Ito, Japan, Principal Scientist 

(Agronony) and Teati Leader, Government 
of Japan Special Project 

l)onaId II Sinth, IlISA, Principal Scientist 
(Pathology) (until Oct) 

I) V R Reddy, Inrdia, Princ ipal Scientist 
(Virology) (onistu/ leave) 

John A Wightonan, NZ, Principal Scientist 
(Entomology) (on studv leave) 


Nigel JArmies, IUK,Pi ipal Scientist 

(Entonmology), (NRI/IlRISATr) 


Nico I lorn, Netherlands Scie;,tst (Virology) 

(until May) 

K K Sharna, India, Scientist (Cell Biology) 
Tor G Shanower, lISA, Scientist (Entornology) 
R A Naidu, Indui, Scientist (Virology) 
Ryolchi Matsunaga. Jatan, Senior Scientist 

(Physiology) 
Jagdish Kunrar, Senior Scientist (Breeding) (oni 

leave) 
Onkar Singh, Senior Scintist (Breeding) 
S C Sethi, Senior Scientist (Breeding) 

K I Saixena, Setior Scientist (Breeding) 

S C Gupta, Senior Scientist (Breeding) (untilJul) 

N HSigh, Vrsitirg Scientist (Breeding) 
K C Jain, Scientist (Breeding 
. J Redd, Senior Scientist (Breedingn 

S I. Dwisedi, Scientist (Breeding) 
IfI) Lpadhyaya, Scientist (Breeding) 
Nalini Mallikarjuna- Scientist (Cell Biology) 
N P Saxena, Senior Scientist (Physiology) (ni

re.onidient) 

0 P Rupela, Senior Scientist (Physiology) 
3 V D K Kurnar Rao, Senior Scientist 

(Physiology) 
Y S Chaihan, Scientist (Physiology) (on 

sabbatical leave) 

V NI Rarirah St'i-ntist (Physiology) 

R C Nageswara Rao, Scientist (Physiology) 

M V Reddy, Senior Scientist (Pathology)
 
M P I laware, Senior S(ientist (Pathology) 
V K Nlehan, Scintist (Pathology) 
Suresh Pande, Skientist (Pathology)

S B Sharrna, Scientist (Neiatology) 

S S Lateef, Senior Scientist (Entoniology) 

G V Ranga Rao, Scintist (Entomology) 

C S Pawar, Sci'ntist (Entoriology) 

Joseph JAdui-Gyanifi, Ghana, Postdot toral 


Fellow 

Shiv Kirnar, India, Postdoctoral Fellow ((AR) 

M Satya Prasad, India, Iostdo tora Fellow 

Pranesh S Iladani a, PIostdo toral Fello 


R V Satyanarayana Rio. India, Postdos toral 

Fellow (WI(AR)


NlIhinder Stngh. India, Postdoctoral Fellow

M K Naik, India, Iostdot taral Fellow (ICAR) 
Prasin Kimar Nluk heriee, Indii, Postdoc toral 

Fellow 
Satoshi 'loia, Japan, Postdot toral Fellow 

(untid Sep) 
Francois Xavier Pa1l, trance, Postdottoral 

Fellow (uitil Jul) 
Edward P Brogho, LISA, Postdoctoral Fellow 

P P Zaveri, India, Senior Researc InFellow (until 
,May)

K 	K Zote, India, Senior Researth Fellos (until 
Apr) 

Ahrned I lashiti Ahmnied, Sudia, Senior 
Research Fellow (Jan.Feb) 

Shanti Bhattarai, Nepal, Researcth Fellow (Mar. 
May) 

Bharnendu Mishra, Nepal, Research Fellow 
(Sep-Oct) 

Manoharan Vengatrayan. India, Researt I 
Fellow (Sej-Nov) 

Francis Iliuhuit Kirro, Kenya, Research Fellow 
(Sep.Nor,) 

Maria Luz Sison, Philippiru-s, Research Fellow 
Nguyen Xuan [long, Vietruam, Research Fellow 

(until Jan) 
Muhammad Iqbal, Pakistan, Restart h Fellow 

(1an.Feb) 
Shaukat Htussain, Pakistan, Research Fellow 

(Jin-Feb) 
Buddhi Prakash Sharnia, Nepal, Research 

Fellow (Sei. Oct) 
Shahid Li teed, I'akitan, Resear:h Fellow 

(Jan-Fe/i) 
A K M Rahurl Islarn, Banglide.%ih, Restarch 

Fellow (until Sep) 
Cin Giaoli, Chira, R-starth Fello,,x 

EARCAL Program, Kenya 

Laxnii Singh, In/ra, Princtpal Scientist 
(Agrtromy (ol tudy lea'e frot Oct) 

ICRISAT Pigeonpea Project, Kenya 
Said N Silri, Uganda, Sernir Scieritist 

(Agronoiry) 

ICARDA/ICRISAT Chickpea Project, 
Syria 

K B Singh, hIndi,Print ial S, it-it m (Breedig) 

Resource Management 

Program Office 
Karl I larise;, Netherlandrs, Prtgran I)iret or 

V S SwamIn . it MaNagerntIa A.,sIta 

(Admi istri til,)
 

Agronomy
 
Merle \I Anders, USA, Print pal Si entl1st
 

(Agrononir,)
 
S M Virnaini, India, Prin ial S( entist
 

(Agroclinatology)

David I Flower. Altrntinia Principal Scientist
 

(Physiology)
 
I)avd R Butler, UK. Printrpal Scientist
 

(Mhlro, hlnatology)

FOILcano T Bantlan., Jr, Philippine., Senior
 

St intist (En rniental Physics)
 
PIara Singh, Sen or S.ientist (Soil Sciente)
 
A Rainakrishna, S, lientist (Agronotny)
 
NIadinikar V Potdar, Sc itntist (Agronomy)
 
P Mohan Rao, S entist (Inforaition System,)

A A II Khan. Senior Engineer (Resear.h
 

Supivrt}
S K Shairia, Senior Resea r h A.sso, ate 
N VIdyalakhlm, India, Piostdo toral Fellow 

G J ley, lanoi: wni sttlont toral Fellow 
Ashok Kuiar PatR. India, Postdoctoral Fellow 

(W"AR) 
Iwasren, e T Ogunren, Nigeria. Senior 

Rtsearc h Fellow (until leb)
 
Edgar F ladilla, 'hilippines, Researt It Fellow


(und,Apr) 
Ri-Kun Ma, l'eole" Repicl of Chinii, 

Researc h Fellow 
Arnlrlola Sannirtel Otrolayo, Nigeria, Restatc 

Fellow 
Fadhih II Mutlak, Yeinen, Research Fellow (Jun. 

Auhg) 

Soil 
John R Burford, AAtrca/ia, Print ilal Soil 

Chentist (until ,\My) 
Koh 1Bliyea, Ghau, Princ ipal Si intist (Soil 

Physics) 
Alexander I. Cogle, Atat curla. Principal 

Scientist (Soil Sc ince) 1I('RISAr/QlI)ll 
Keuk-Ki Iee, Korea. Pr' ipal Scienist 

(Microbiology) (oil rldv leare) 
K 1. Sahra ,at. Seior Scientist (Soil St ience) 

(until Aug) 
T J Rego, Senior Scieninst (Soil SCien e) 
Sardar Singh. St uetnst (Soil Sc ience) (until 

Apr) 
Prahhakar Pathak, Senior St renttst (Agricultural 

Engineering) 
N K Awadhwal, St i-ntist (Agricultural 

Engineering/Soil Physi s) 
Suhas P ''ari, St entitst (NIn rohuology) 
K P C Rao, St lintist (Soil Science) 

Economics 

Tmrothy G Kellev I S-, Principal Scientist 
(Econoinrics)

Ma Cynthia S IBantian, /hilippine3, Pritc pal
Scientist (Ecorir .s) 

Kitniberly R Chun,,, USA, Scientist (Econirnics)
Kerr, I I Sintst (Etonotnics) 

Menr I. Whitaker, USA, St entist (Econotmics) 
t PSingh, Stientist (Econonics) (untillun) 

K Ratna Devr, Sitentist (Ecirornics) 
K V Subba Rao, Senior Researt i Associate 

ILCA/IAR/AUA/ICRISAT Joint Vertlsol 
Project, Ethiopia 

K I.Srnvastava, India, Prnt ipal St itntist 
(Agric ultural Engintering) 



ICRISAT Senior Staff 1992
 

Western African FMahler, Program Coordinator, University of Alfred Schul., USA, Regional Adrinitrator
I fohienhean 	 [ovegot Tendlengii, Zimbabwe, Regional

Program s 3Toll, UK, IBIGR Coordinator for West Africa Training Officer 
(until lul Richard Nxuma lo, A Lounts ()fi. er 

ICRISAT Sahelian Center Mi.Powell, ISA, Prin, pl S,intis Irene "apela, Senior A( ointant(Agrw,.cology) (]LC(A)
 

(ISC), Niger r.o. Wvah(mA. ,pal S lientist Farm und Physical Plant Services
Nigeria, Prin 

Farmnand PhysicalAdministration 	 (Ecwiornics) (II.( A) Nurdii S Katuh, "iinzania,
(l.\V. (;iN~x'..(K. Exer'utise Direror, \Vt S. Fernaridez-Rivera, ,Memio, Pinn tpal Scientist Plant Seivi, es Manager


RAVr.a wi-tsrIX. Ii(Nutriton) (11CA) Nathaniel NIwaniuka, Farm Manager
G Emi 
Afrk an Program 

, 
anI )iretor IS(: (uil lull P R hard [iwrenL e,,S orland,Animml S, int st Brig, Sibanda, Senior Research Te hnician 

Renard, felgimn, Exe ritive )irector, (1 (A) (epphas Matianadto, Senior Research 
Western Afrit an Prograits and I)ire tor IS( / Sonida, Bu rkinu FLo, l'ostdo, toral Assot iate "['e inaiiTst inape, s .an ic

A NI 11 Iigie. Gimi , Regional Administrator (li(Al 
, roflenin.Rt,gioal Piir, hase- and F Ikp', Nigeria, Graduate-Rsear h Asso tte 

SupplIns MIanager (II.CA) 
M .. I )iolombi Niger. Regioal Finan, e Research 

I )th, er 
K A NLssa, Niger I'crsoinel Otthttr West African Sorghum Improvement Cereals Improvement 

S()iuob., flurki ia li,, (ChefI, Coipuiter Program (WASIP), Mali Anthony 11Obilana, Nigeria, Principal Scientist 
Serin, esInlit(re 	 g

(Breeding)
' Fali n, I rapue, Htgi'ial I lousing and Food Administration 

Klaus Leuschner, Germany. 1'r;.(ipal Scientist 
S r, ices 1)tw ir S K. IDehrah,- Ghaa.,P'riti il LSientist (Entotiology) 

Support Programs s) ad ea leader Manel I (;onez, Sri lanka, Priicipal Scientist 
SN. Iohani, Nepafl, Prinipal Scientist (Food Technology) 

A R ).a Gupta, Indiw, Physical Plant Seties (Breeding) Etnimanuel S Mrunyo, Tanzania, Senior Scientist 
Mainager R Vadyanathan, India, Administrative Officer (Breeding)Teein)


11 Gerard, lelgi ui. Fartu Manager
R IIG.oittred, OIsA,Regional Inforniation Research 	 Tenson Dlube, Senior Research Technician 

NMptifi,Setioir Researc h TechnicianOt l, erSanders(f Ith r 1.).Thomas, Sierra Leone, Principal Scientist Do.t Gunbondzvanda, Senior Research 
0) Nguvei I .1, Prinkipal Training Officer (Pathology) and SAF(;RAD/ICRISAT l',chnician 
(untiiil,s') Coordinator Elliot Terno Senior Researc h Technician 

R I) Stern, IK, 'riitipal Scientist (Statistics) P. Salc., Frive, Principal Scientists (Agrononiy) and MuNiro Madzvaniuse, Laboratory Technician 
CIRAD Team L ader (until Apr) Deborah E Freder kson, I K, Postdoctoral 

Research C. Luce, France, Prinipal Scientct (Breeding) Fellow 
(CIRAD)

Pearl Millet Improvement A. Ratnadass, France, Principal Scientist Resource Management 
K A Kumar, India, ('rinip.al Scientist (Entomology) (('IRAD) Suhhash C (ipta, Inda. Priucipal Scientist 

r-e'dilnig) arnd Teani l.-ader G. I loffiann-, France. Principal Scientist (Breeding) 
S (0 ()iror, Ugandl, Princ ipal Scientist (Strig Agronomy) (IRAD) Mahnood ()snian/au, (aiia, PrncipalScentst (Agronouy)(reding) and Regional Trials Officer 
() iiii Senegf., Principal Scientist West African Sorghum Improvement David 1) Rohria, h, I ISA,Principal Scientist 

((i.i oniology)Eo mcs
 
Program (WASIP), Nigeria (Ecinomics)


I) II le!s, I SA, Principal Scientist (Pathology) 
Soil Scientist (1FD1)Henry Ssah, Uganda,-A 	 ('avric USA. Principal Sientist 

(Physiology) 	 Administration Fungai Munakii, Senior Research Techniciat.
(Phyioog rc lir Owen Mhere, Senior Research Technician 

JF HReino. Fsrance. Priicpal Scientist O. Nigeri anirT( pal ScIrttst Calisnos Marului, Seior Research TechnicianAia 
IC( e t ii l Il R St ) (Entoniogy Iroid '('e-aii Iaeader
 

A Iainer India Ad niiiistratti'e t1)licer (until

Groundnut Improvement Noi,) 	 Namibio/ICRISA Bilateral Project 

III Willhatus, Znnbaiu'e, Princ ipal Scientist I'hilihaiiu M Matanyaire, Zintbabue, Principal 
(Plhysiology) and Team leader Research Statiin Managent'nt and I')evelopment Officer 

F Walhvar, Frane Prin ipal S ientist [1)S Mtunv idia, ('nitipal Skintist (Breeding) 
(('athology) R.Tabo, Chad, Print ipal S nst (AgronomyI SADC/ICRISAT Groundnut Project, 
R Prin MalawiH N'tare, Ugandia, ipal Scientist
(Ir-iding) 	 Southern African Administration 

Resource Management 
Gurhard S id t, (earlrn,lricipal Scientist

M V K Sivakiimar, India, Principal Scientist Programs 	 and Teai Leader (until/Apr)(Agr linatlogyLeder(Agronomny) andTeai 
Agro, iiihatology) and Teami l.eader Bniio Ndtingui, iil'mnia , Principal Scientist 

S(S. Klai. Neterla,.s. 'rincipa Scentist SADC/ICRISAT '.orghum and (Agronoiy) and Teaii LeaderI{Soii andl Waiter Mianagentent)
 

Millets Improvement Morgan %lukonde Zamibia, Adniinistratire

S V k Sheitty India, Principal Scientist 	 1)1fier 

I iui.-orson,. Glurni, 'rintipal Scientist Program (SMIP), Zimbabwe Rcoarch 
I(Ecinity) Administration Geotl I. Ih(ldrbrvict Ziibabie,Principal

I Broiuer, Netherlands. Principal Scienti'.t Ikland R IHuuse, f!'vt, Elxieutive t)irerior, Scientist (Breeding) 
(SiiI 'hysics)

IC. Weber, USA. Principal Scientist (Forest Southern Akria and PMiI' Mantager, Pl Subrahanyan, India, Prinipal Scientist
 

Genetic s) (ICRAF SAIX:/ICRISAT/SMII' (unti hdv), lrn, ipl (Pathology)
 

A. 	Bationo, IBurkirui iso Principal Scientist Scientist on Sp cial AX.sgn1iint 

(Soil Chtistry) (IFDC) I. K Mughogho, ,Mafaw, Exeriutive l)ireutor, ICRISAT Pigoonpea Project, Malawi 

J.C.W. Odongo, Uganda, Principal Scientist Southern Afric a and Project Manager, Solonion Tuwate, EFthinpia Senior Scientist , 
(Agroforestry) 	 SAIX:/ICRISAT StIP (Breeding) 
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Acronyms
 

ACIAR Australian Centre for International Agricultural Research 
ADB Asian Development Bank 
AfDB African Development Bank 
AG LN Asian Grain Legume Network 
AGLOR Asian Grain Legumes On-farn Research 
AGRI-YMEIT Centre rdgional de formation et d'application en agromtorologie et hydrologie 

opdrationnelle (Niger) 
AICORPO All India Coordinated Research Project on Oilseeds 
AICPIP All India Coordinated Pigeonpea InproveHrent Project 
AIDAB Australian International )evelopment Assistance Bureau 
AOAD Arab Organization for Agricultural Development (Sudan) 
APAU Andhra tPradesh Agricultural University (India) 
AUA Alemaya Univvrsity of Agriculture (Ethiopia) 
BMZ Bundesminister fifir \Virtschaftliche Zusammenarbeit (Germany) 
CAAS Chinese Academy of- Agricultural Sciences 
CATI E Centro Agron6mico Tropical Lie Investigaci6n y Ensefianza (Costa Rica) 
CGIAR Consultative Group on international Agricultural Research 
CIAT Centro Internacional de Agriciiltura Tropical (Colombia) 
CIDA Canadian International Development Agency 
CIDES Centre d'information pour le developpment hconomique et social (France) 
CIMMYT Centro Internacional de Mejoramiento de Mafz y Trigo (Mexico) 
CIRAD Centre de coopcration internationale en recherche agronomique pour le d~veloppement 

(France) 
CLAIS Comisi6n Latinoamericana de Investigadores en Sorgo (Guatemala) 
CLAN Cereals and Legumes Asia Network 
COMCIAM Commonwealth Climate Impact Assessment and Management Programme (Australia) 
CRIDA Central Research Institute for Dryland Agriculture (India) 
EARCAL Eastern Africa Regional Cereals and Legumes Program (Kenya) 
EARSAM Eastern Africa Regional Sorghum and Millets Network (Kenya) 
EEC European Economic Community 
ELISA enzyme-linked immunosorbent assay 
FAO Food and Agriculture Organization of' the United Nations (Italy) 
GRU Genetic Resources Unit 
GTZ Deutsche Gesellschaft fir Technische Zusammenarbeit (Germany) 
HRDP Human Resource Development Program 
IAR Institute of Agricultural Research (Ethiopia) 
IBPGR International Board for Plant Genetic Resources (Italy) 
ICA Instituto Colombiano Agropecuario 
ICAR Indian Council of Agricultural Research 
ICARDA International Center f.)r Agricultural Research in the Dry Areas (Syria) 
ICIPE International Centre of Insect Physiology and Ecology (Kenya) 
ICRISAT International Crops Research Institute for the Semi-Arid Tropics (India) 
IDRC International Development Research Centre (Canada) 
IER Institut d'6conomic rurale (Mali) 
IFAD International Fund for Agricultural Development (Italy) 
IFDC International Fertilizer Development Center (USA) 



Acronyms
 

IFIRI International Food Policy Research Institute (USA)
 
IGtER Institute of Grassland and Environmental Research (UK)
 
IICA iter-American Institute for Cooperation in Agriculture (Costa Rica)
 
I'A International Institute for Tropical Agriculture (Nigeria)
 
ILCA International Livestock Centre for Africa (Ethiopia)
 
INIFAP Instituto Nacicnal de Investigociones Forestales y Agropecuarias (Mexico)
 
INRAN Institut national de recherches agronomiques du Niger
 
INSAH Institut du Sahel (Mali)
 
INTSOR MIL USAID Title XII International Sorghum/Millet Collaborative Research Support Program
 

(USA) 
IPMDMN International Pearl Millet Downy Mildew Nursery 
IRRI International Rice Research Institute (Philippines) 
ISC ICRISAT Sahelian Center (Niger) 
IV[I intervarietal hybrid 
IASIP Latin American Sorghum Improvement Program (Mexico) 
McAbs monoclonal antibodies 
MTP Medium Term Plan 
NBPGR National Bureau for Plant Genetic Resources (India) 
NORAGRIC Norwegian Centre for International Agricultural Development 
NRI Natural Resources Institute (UK) 
ODA Overseas Development Administration (UK) 
PCCMCA Programa Cooperativo Centroamericano para el Mejoramiento de Cultivos Alimenticios 

(Panama) 
RESADOC Rt'seau sah61ien d'information et de documentation scientifique et technique (Mali) 
ROCAFREMI Rtseau ouest et centre africain de recherche stir le rail (WCAMRN) (Niger) 
ROCARS R~seau ouest et centre africain de recherche stir le sorgho (WCASRN) (Mali) 
SACCAR Southern African Centre for Cooperation in Agricultural Research (Botswana) 
SADC Southern Af'rican Development Community 
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 
SMNiP Sorghum and Millets Improvement Program (Zimbabwe) 
SRGB SADC Regional Gene Bank (Zambia) 
SWC soil and water conservation 
TVE Television Trust for the Environment (UK) 
UNDP United Nations Development Programme (USA) 
USAID United States Agency for International Development (USA) 
WVANA West Asia North Africa 
WASIP West Africin Sorghum Improvement Program (Mali and Nigeria) 
WCAvlRN West and Central African Millet Research Network (ROCAFREMI) (Niger) 
WCASRN West and Central African Sorghum Research Network (ROCARS) (Mali) 
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,ICRISAT Addresses,
 

ICRISAT Center 
Patancheru 
Andhra Pradesh 502 324, India 
Tel +91 (842) 224016 
Cable CRISAT, Hy:erabad, India 
Telex 422203 ICRI IN 
Fax +91 (842) 241239 
E-mail 
Internet ICRISAT&CGNET.COM 

Dialcom 31057:CGN3025 


Latin American Sorghum 
Improvement Program (LASIP) 


c/o CIMMYT 

Lisboa 27, Col. Jutirez 

Apartado Postal 6-641 

Mexico 06600, D.F. Mexico 

Tel +52 (595) 421(X) 


+52 (905) 7613311, 7613865 
Cable CENCIMMYI', Mexico 
Telex 177-2023 CIMTME 
F.x + 52 (595) 41069 
E-mail 
Internet CIMMYT(a CG NET.COM 
Dialcom 157:CGI201 

Eastern Africa Regional Cereals and 
Legumes Program (EARCAL) 

P.O. Box 39063 
Nairobi, Kenya 
Tel +254 (2) 741264, 747557 
Cable ICSAT KE, Nairobi, Kenya 
Telex 22795 ICSAT KE 
Fax +254 (2) 747554 
E-mail 
Internet ICR-ERCAL@CGNET.COM 
Dialcom 157:CGII 13 

ICRISAT/ICARDA Chickpea Project 
P.O. Box 5466 

Aleppo, Syria 

Tel +963 (21) 50-165, 51280 

Cable ICARDA, Aleppo, Syria 

Telex 331206 !CARDA SY 


331208 ICARDA SY
Fa+9633 21 22 , 2Fax +963 (21) 225105, 213490 
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I 

ICRISAT Sahelian Center (ISC) 
B.P. 12404
 
Niamey (via Paris), Niger
 
Tel +227-722529, -722725, -723697
 
Cable ICRISAT, Niamey, Niger
 
Telex 5406 NI, 5560 ICRISAT NI
 
Fax +227-734329 
E-mail
 
Internet ICRISATSC(a CGNET.COM
 
Dialcom 10074:CG((X)4
 

West Africa Sorghum Improvement 
Program (WASIP-Nigerla) 

Plot 419, Yanyawa Avenue 
Hotoro Gra Extension 
t'MB 3491 
Kano, Nigeria 
Tel +234 (64) 662050 
Telex 77444, KAN Ti1l NG 

Atn 'l)S167 
Fax +234 (64) 0163492 

West Africa Sorghum Improvement 
Proaram (WASIP-Mali) 

B.Pa20 

Bamako, Mali 
Tel + 223-223375, -227707 
Telex ICRISAT 2681 Mi 
"ax +223-2286R3 

SADC/ICRISAT Sorghum and 
Millets Improvement Program (SMIP) 

P.O. Box 776 

Bulawayo, Zimbabwe 
Tel Bulawayo +263 (9) 79563 

Matopos +263 (183) 8311 to 8314 
Cable MATAGRIC, Bulawayo, Zimbabwe 
Telex 33070 ICISAID ZW, 50581 ICISAD ;W 
Fax +263 (9) 76658 
E-mailInternet ICRISATZW(wCGNET.COMDialcom 157:CGI222 

SADC/ICRISAT Groundnut Project 
ICRISAT Pigeonpea Project
Chitedze Research Station 
P.O. Box 1096 
Lilongwe, Malawi 
Tel + 265-767226, -767249 
Cable UNDEVPRO, Lilongwe, Malawi 
Telex 44466 UNDP Mil 
Fax +265-782686, -767249 
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