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About ICRISAT

ICRISAT is one of 13 international centers in a worldwide research network
devoted to improving food production in less developed countries. ICRI-
SAT'’s rnandate is toimprove the yield, stability, and food quality of five crops
basic to life in tha semi-arid tropics (SAT) and to develop farming systems
that will make maximum use of the human and animal resources and the
limited rainfall of the region.

The seasonally dry semi-arid tropics are spread over nearly 20 million
square kilometers and cover all or parts of 50 nations on five continents.
They include much of South Asia, parts of Southeast Asia, West Asia, and
Australia, two wide belts of Africa, areas of South America and Central
America, and much of Mexico.

The SAT is a harsh region of limited, erratic rainfall and nutrient-poor soils.
Itis populated by about 750 million people, most of whom live at subsistence
levels and depend for their food on the limited production of small farms.

The crops researched by ICRISAT are sorghum and pearl millet—wvo of
the major cereals in the SAT—and chickpea, pigeonpea, and groundnut, the
most important food legumes of the region. Groundnut, rich in oil, is also an
important cash crop for the SAT farmer. The four others are all primarily
subsistence food crops; over half the total production of each—in some
places nearly all of it—is consumed on the farms where it is grown. ICRI-
SAT's headquarters are at Patancheru, India, 26 km northwest of Hyde-
rebad, but it also has scientific staff posted in six countries of Africa, in
Mexico, Pakistan, and Syria, and at five cooperative research stations of
agricultural universities in India. Principal operaiions in Africa are in Burkina
Faso, Kenya, Malawi, Mali, Niger, and Zimbabwe. Scientists were previously
posted also in Nigeria and Senegal, but funding for these positions has
ceased. A West Africa regional program for sorghum will be initiated in 1 088,
with two locations: Kano, Nigeria, and Bamako, Mali.

The two main bases for ICRISAT's work in Africa are at the Sahelian
Center near Niamey, Niger, and the SADCC/ICRISAT sorghum and millets
improvement program at Matopos, rear Bulawayo, Zimbabwe, set up in
response to an invitation from the nine-nation Southern African Develop-
ment Coordination Conference (SADCC).



Impact became increasingly visible of ICRISAT 's cooperation with national programs, through
a network approach that includes regional programs and other international centers. Above,
sorghum seed multiplication in Zambia, where advances have occurred througn testing and

adaptation by the national program of material introduced by ICRISAT from its world collec-
tion. Below, visitors viewing an experimental plot growing ICRISAT's pigeonpea ICPL 87 in
Rampur, Nepal.




Introduction

ICRISAT moved ahead during 1987 toward meeting its long-term goals.

Cooperation with national programs, through a network approach that
includes regional ~rograms and other internaticral agricultural research
centers, was constuerably strengthened. Impact from such cooperationwas
readily visible in the Institute’'s work.

Important progress was made in research on combating the major yield
reducers—diseases, insects, and physical stresses— with a view to stabilize
and increase farm production of all five crops in ICRISAT's mandate.,

Sustainability of agriculture through improved management pra~tices
also received attention. From ongoing analysis of village-level data gathered
in West Africa, some directions emerged for research and policy decisions.

ICRISAT varieties and hybrids reached farmers' fields in several countries
of the semi-arid tropics, while others advanced further in prerelease testing
carried out in active cooperation with national programs. The adoption of
pearl millet varieties and hybrids in India demonstrates the value of such
cooperation.

Training activities expanded worldwide, including those at locations out-
side ICRISAT Center, and augur well for enhanced transfer of technology.

Advances on all these fronts are outlined on the following pages and
described in fuller detail in the 1987 ICRISAT Annual Report.

L.D. Swindale
- Director General



Networks and Cooperation

Since its inception 15 years ago, ICRISAT
has worked with natienal programs to estab-
lish networks of cooperators  throughout
Asia, Africa. and Latin Ammenca These coop-
erators play a vital role inadentifying prob-
lems, and in testing and adapting genetic
n:atenats and farming systems 1o different
agrochmatc regions. They share valuable
information with 1CRISAT. basued on then
knowledge of locat conditons and their Iinks
with farmers. Through such cooperaton,
solutions often emerge. and ICRISAT s able
to play ds part i adding to the pool of knowl-
edge already avallable

In-active partnership with national pro-
grams, ICRISAT scientists set up screening
nurseries and vield tnals. and tram people to

derive maximum benefit from them. ICRI-
SAT's geneticresources and improved lines,
many of which have material from national
programs in their linecage, are fieely distrib-
uted and tested in a wide range of environ-
ments along with matenal from national
programs. The release of new varicties in
several countries, baced upon multiloca-
tional testing and local adaptation. emphas-
izes the close working relationstup between
ICRISAT and national programs, with the
ultimate amm ofimproving the lot of the farmer
N e semi-and ropes

Surveys of technology transtfer in 1987
incicated that such coonerationyields usefut
results. All successtul public sector releases
of pearl millet m India simce 1982 combine

A field tnp in Malang, Indonesia, duning the Peanut Stripe Virus Coordinators Meeting held

there inJune 1987 ICRISAT hosted 14 workshops and consultants’ meetings during

the year.

e
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breeding lhines from 1CRISAT and the
national program. Dunng 1987, ICRISAT s
peart millet hybnd ICMH 451 was widely
grown in Indic and varniety 1CTP 8203 was
being adopted in Maharashtra stato. The
reaction of tarmers from many areas qrow
ng these and other 1ICKRISAT -bred matenal
has been favorable. farmers contimue Lo
demand  and  plant these vaneties  and
nybrids. A survey of 24 povatle seed com
pames o Indig showed that all bat one
receved TCRISAT breeding noatenal and
hat small irms depoend beaaly cn 1CRISAT
brecang matenal for rapid cultrear devel
cprent

Another survey, concermod with Vertisol
technology mcontral India, revealed that
larners more readily aceeptod those agro-
nomic recommendations where inputs were
casly avadable and benclits immediately
visibles such as use of nmnproved seeds and

fertiirens Adoptios of the technology

expanded dramatically dunng finld thials and
farmers became keenly aware of the bene-
fits of double cronpma Recommendations
were  less readile adopted  when ihey
required g long tlenm commitment 1o provide
mpurs o wnen they offered less angible
benefits, such as with fand and water man-
agement prachces Other studies suggested
that Indian farmers use less mbiogen and
mote: phosphorus than ceonomically war-
rantedn the postramy season. The problem
neods further basic and diagnostic rosearch,
which will be done by JICBRISAT i collabora-
ton with the national program

I Indha TCRISAT scientists hold a yeaily
meeting with the Central Research Institute
for Dryland Agniculture (CRIDAY to dentty
and plan collaborative resecarch One expoert
ment dentified the reasons for the severe
yield reduction of soraghum, cowpea, and
castor bean when they were planted as alley
crops with leccaena hedgerows In the semi

Scientists sconng for fohar disease resistance in a yroundnut field in Nawalpur, Nepal, one of
the countries for which vearly work plans have been developed.




arid wopicat environment. where wateris the
Magar hmiting factor, the shallow-rooting leu-
caena exploits the water which would other -
wise support the annual crop. Introducing a
shadow root barner expenmentally between
the leucaena and the annual crops almost
completely removed the adverse effects of
competnon. but 1 reduced growth  of
eucaena.

The implicatons of this experment are
that in the semi-arid tropics, a deepor-
rooting tree-- such as Acacui athuly (see
also p.31 ) would be more sutable for agrofo-
restry than leucaena. and that moderate
shading does not necessanly reduce the
vield of annual crops. Many ICRISAT studies
have shown the value of fodder and iirewood
from trees grown as hedgerows with annual
crops. farmers usually value the lodder inore

highly than the firewood

Collaboration and coopeiation  with
national programs i Africa is increasing, as
emphasis shifts loward regional work out-
side inda The SADCC ICRISAT sorghum
and milletimprovement proyram, with head-
quarters in Zimbabwe, 13 helpg the Malawi
national program muliply breeder seed of
fwo sorghurm vaneties for poss;blerclcaseto
farmmers oy that country Three wirte-gramed
sorgnums and twored-gramed sorghums, all
Mtraduced i cooperation with the national
program, have been selected for prerecicase
advanced tnals i Swasland. Smilardy, the
Zambian natonal program has advanced
and multiphed several sorghum and pearl
millet hines  ongmnally  mboduced by the
SADCC/ICRISAT reqional prouram, and two
such lines nave been appioved for release to



A farm family in Ethiopia. where chickpea surveys wera carned out in cooperation with the
national program.

farmers Several such improved pearl milie!
mes are also in advanced stages of prere-
lease testing in Botswana, Malawi, Tanzania,
and Zimbabwe.

in Zimbabwe, the: national program used
HCRISAT's simplified 1inoculation technique
1o estabhsh a successful nursery Lo screen
far sorghuim downy mildew resistance. And
twointroductions found promising in Mozam-
bique were included n the national seed
multiplication program

The forage program n southern Africa 1s
expanding because interest frony most of the
SADCC countries s tugh Trials and nurser -
s of forage sorghum and millet were organ-
ized. and seed of solected ontnes was
ncreasad. The SADCC ICRISAT program
has introduced 179 forage entnes, mcluding
cercal grasses and legumes, for sced

ncrease and distribution i the region.

tn the first season of a collaborative
operational-scale  expoerinen! botweoen
INRAN (Insttut national derecnerches agro
nomigques du Neaeri and 1CRISAT at Bing
N'Konni scientists from the: national pro-
gram and the (CRISAT Sanchan Center
(SCY studied combunaiions of cultural tech-
niques such as use of Potembeor nnproved
variches ot peielmdlet andd cowpea in pare
crop systems. and use of ammal traction for
presawing ndging and mechanizod weeding
Hesults front the studies are bomyg used 1o
IMDIOVE Crap and resource management

Inresponse (o a request hom INRAN (o
assist in monitormg the spatial vanabiity of
rainfall in Niger. scientists at 15C evaluated
the type of rain-gauge network needed at
five principal INRAN rescarch stations in



‘\ m/ckpea b/ee(/ms meeting at 1C P/SAT
Center Such meetings hen evcha inye plant

ey and develop plans for
research,

COONLIGIVE

Niger. A network of ram gauges was installed
atecach stationona 200 ~ 200 m grid. Also in
cooperation with INRAN. automatic weather
stations  were nstalled at Bengou  and
Marad: Chimatic data collected hourly were
uscd to generate monthly weather summar-
s, which were supplied to INRAN routinely

ICRISAT held 14 workshops and constil-
tanis” group meetings in 1987 Through such
meetings  and  workshops, cooperation
between scientists develops, and achive net
works are fostered. A pigeonpea sciontists’
meeting was organizecd by «CRISAT at Nay
robi. Kenya, the first such meeting outside
India. Participants from ICRISAT and several
pigeonpea-growing countries i Affca dis-
cussed ther research and  iuluie  ap-
proaches to enbance and stabihize
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production. Participants urged 1ICRISAT 1o
collect data on cultivated arca, production,
agrochimatology. constraints. and marketing
of pigeonpea in Elhiopa, Kenya, Malawi,
Tanzanta, and /rmmt)\vo They also urged
Kenyen pigoonpea rescarchicrs and 1CRI-
SAT o jomtly undertake a vanetal improve-
ment program for eastern. central, and

withern Afniean

A Pcanat Stnpe Vitas Coordmators Meoet-
mnag was organized m Malang, 'ndonesia, in
June 1987 The scattered mformation on this
disease was collated. and plans for future
rescarch on the sios wore fom alated The
Asian Gran beqgumes Notwork (AGELNY has
bieen gien responsibility for coordinabing
these actraties Workshops on integrated
seah managemeni ol legume pests woere
conductedm Thatland andIndonesia, m ool
ibaraton with the Austraban Center fon
Interiatonal Agnenliin sl Rosearch  ACIALY
ALAn AGLM chickpea coordmators meeting,
partcipants ron o Southy Asian countries
discussed and developed o regonal work
plan for chickpea amproveniont Meehngs
with - national
Burma Nepal Pakastan. and So Lanka woere
held 1o ovelop vearly work plans for cach
country

AnIntemational Workshop on Biotechnol-
Ogy atlCRISAT Conter discussed the poten
tal of hiotechnalogy  bath immediate and
long-tern e stabilize and merease crop
produchicn and o mpiove nulntonal queailty
Dunng the workshop, 20 scientists from mne
countries exammed e feasibility of using
brotechnology to mprove: aram quality, yield
;‘»olfirma' yicld stabihity. and utibzanon o

CRISAT 5 five mandate crops. The particr-
p.-mt:a recomine nded that TCRISAT consider
usima biotechnology only where tradinonal
Lreedama methods have faded. and avoiding
techmiques whose benedits are not already
provenseting up o aooe ative ks with spe-
cralized  mshiubes establshing  adequate
support facimbes. and {focusing on those
aspects of re cearch tor whicn expertise 1s
avallable at ICRISAT

scientists o Bangladesi,



In Malawi. the Consultative Group on
Groundnut Rosette Virus Discase met for the
third time since 1983 The meeting enabled
scientists from outside Africa to see plants in
farmers™ fields that are aftected by tho
rogette disease, and 1o 0dserve ongoing
research of the ICRISAT Regional Ground
nut Piogram for sonthern Afnea ot Chitodze
Agricultiral Rescarch Station. The 18 paiti
Ipants were provided with seods of seovera,
rosclic resistant brecding hnes. and  they
dgreed to contnue colliibortive research
onresistance bhrecding and on vector eol
oav. o with a view to developing effective
disedse management systems.

Farmers display their groundnui crop in Indonesia.

Among other subjects considered in 1987
workshops and meelings were: soil, waler,
and crop managainent in the Sudano-
sahelan zone: groundnut modeling; Vertisol
management in Africa; sorghum stem bor-
ers,and allatoxin contamination of ground-
nut Each meeting developed recomimenda-
nons for research, and most agreed en
agendas for collaborative studies.

ICRISAT wilt continue to host and spensor
meetings and workshops with its collabora-
tore from national programs and other inter-
national orgamzations. The synergism
generated by interaction at these gatherings
has a strong payoft for agricultural research




Responding to Requests

As part of ongoing collaboration with national pro-
grams in the semi-arid tropics, ICRISAT often
responds to specific governmental requests.

India 1s the Largest producer of aroundnut, the
most important oilseed crop in the developing
world. But despite the magnitude of its praduction.
India 4s currently facing a serious shortage of
mdigenous vegetabie oils, thus mcurring a huge
impart biltthat must be paid mforeign currency. At
the request of India’s Mirstry cf Agricultue, |ICRL-
SAT hosted a workshop far governmaent officials
from the Ministry and st maypor groundnut-
producing clates [CRISAT scientists and the
government oficias confened on problems in
groundnu! produchon, and on measures to siaby-
hize and boost yielis

AUICRISA T, a package uf agrenomic prachees
has been designed that has routinely achieved
pod yields of 4-6 t/ha on the Institute’'s research
fields during the postrainy season. compared with
the farmers’average of 1 51/ha Waorkshop partic-
ipants agreed to demonstrate the ICRISAT pack-
age on governmeni farms, and 1f necessary,
modify the package for loca! growing conditions
The demonstrations were carred out at two loc-
tions in each of the six states.

As a resull of this workshop. 35 agricultural
scientists from the Departiments of Agriculture of
the six states attended a short training course at
ICRISAT Center on the transfer of groundnut pro-
ducton tecanology. Those who attended were to
be responsible for the day-to-day supervision of
demonstration plots in therr states, suppurted Ly
technical advice from ICRISAT scientists

An offshoot of these meetings with Indian off)-
cials was the establishment of a new umit at ICRI-
SAT. Legumes On-Farm Testing and Nursery
Unit (LEGOFTEN). This mullichsciplinary unit is
working with Indian scientists 1o compare the
methods that the states, local farmers. and ICRI-
SAT use for grawing legunies. LEGOFTEN has
thus 1ar concentrated on rainy-season ground-
nut. but it will also conduct on-farm testing of eiite
material of all three legumes on ICRISAT's man-
date, identlfy Iines for advanced trials, and moni-
tor all-India trials that contain ICRISAT legume
materials.

In response to a request irom the Lab-to-Land
Programme of the Indian Council of Agricultural
Research (ICAR), 25 agricultural scientists and
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extension officials from [CAR, Andhra Pradesh
Agricultural University, and tne Andhra Pradesh
State Department of Agriculture me! with ICRI-
SAT scientists to explote ways o improve
postramy-season (Surmimer) groundntt produc-
tion m the state

The one-day meeting was held after scientists
had identificd varnous agronomic praclices used
by sclected fanmers, as weil as therr problems.
ICRISAT offered to supply improved genetic
material, mcluding seed of ICGS 11 to demon-
stree ultra-tow volume spravers and rhizobial
inoculation techniques in tarmers fields, and to
work with extension personnel on transfer of
improved technologes

This year, ICRISAT distributed over 50000
germplasm samples to scientists outside the Insti-
tete. butin addition, ransferred to Botswana and
Malawi “he entue sorghurm germplasm collected
by 1CRISAT germplasm botanists from those
countrnes. Although a =et of the originzi germ-
plasm colected 1n those couniries was already
left vath them at the ime of collection, the institute
was pleased Lo be able to replenish ther genm-
plasm slocks from the world collect”  rheld in the
gena bank at ICRISAT Center

In response 1o a request fron the SADCC
(Southern Alrican Development  Coordination
Conference) for more help in solving groundnut
msect pest prohlems in the region, ar entomolo-
gist from ICRISAT Center was based at the
Reaional Program in Malawi for the 1986/87 sea-
son. The entomologist surveyed farmers’ fields
for an indication of which insects were likely 1o
cause prablems (descnbed fater in this publica-
tiony and worked with national programs on
expernments o determine the effects of insect
pests on groundnut yields.

Durng 1986, 87, 500 accessions o large-
seeded, leng-duration pigeonpeas were charac-
ienized in collaboration with the National Dryland
Farming Research Centre (NDFRC), at the
request of the Kenyan government. Scientists
identified 63 accessions at Katumanm and 51 at
Koboko with desirable agronomic traits and local
adaptation. The breeders at NOFRC are evaluat-
(ng the yield potential of these accessions in repli-
cated tnials at many locations in Kenya, while the
agronomists have included several lines produc-
ing high biomass in their 1987,/88 trials


http:Botoa,,.na

Surveying groundnut and pigeonpea lields in Ta
request from the SADCC

Scientists and aghcaltinal officials from six Indian states attend ¢

ICRISAT Conter,
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Plucking pods alter harvest at Garikapadiu, Andhra Pradesh. one ol the locations in India
where cooperative groundnut trials were carriec oul.

A bumper groundnu: harvest near Kurnool, Andhra Pradesh. Boosting vields through
improved technology was the ulti.ate aim of trials in India jointly undertaken by slate
extension staff and ICRISAT




Overcoming Diseases

Every crop suffers from a number of dis-
eases caused by fungn bactena. viruses,
and nematodes - -all of which resfuce yiela o
aualty AUICRISAT . sciontists s2arch for
natural sources o resistance: ntheir gein-
plasin and breedmg hnes, and scieen mil-
HONS OF plants every year as part of their wark
o ienuly sources chiesisance 1onincormo
rnion into advanced brecding inaienal
Screenng techmiques for some diseases
deveioped QUICRISAT provide more fexaple
and ethoient cvaluation o pearlmillet bree.d-

Symptoms ol downy mildew disease in pearl
imillet.

Ing matenal than does ficld screening, and
can save one generation in the breeding
Process,

2 ass scieening teehnique was used in
1957 1o screen mote than a million pearl
muliet seedlings in the greenhouse for resis-
tance 1o downy mildew. Seedlings were
suray-inoculatedat an carly stage, and incu-
bated tor 1216 howrs ai 207°C and under
Nigh husidity. Vhe plants were then returned
(o greenhouse benches, where the fre-
auency of plants showiag systemic downy

Mass laboratory sciecning of pearl millet
lines for downy miidew ;esistance. This
technique vasily reduces land and labor
resources that weuld be needed in field

screeningg.




mildew was assessed 10415 days later
Tests so far mdicate that there 15 o good
correlation betwesn greenhouse and nurgery
piot data

Fhis  screcnmg echmigu
advantages  over hielkd testina, aithough
screening noa leld narsery g essential to

nilde eacton i advanced

nas  several

confirngievny o
Dttty The teatte oD Drecoimg tdleni
Py oty mildew can l,u' ut,hm 10ea o less
chs Conanse vne greenbouse Day
substitutes for several heotares of
fewd plots this techmgue reduces the resoury
ces necded for held screemng smce
not necessary. andfariess labor s reqguined

In pearl millet discase research m Africa
more than 200 pearl millet vanehos and
vreeding hnes were screened for downy myl-
dew resistance  at the INKBAN (insttut
Natienal de Recherches Agronomiques du
Nigrn station at Bengou in southern Niger
Sprnkler rngation was usad for the first time
foomerzase disease pressure by providing
ne id"’d’ conditions Tor infection: Bntries of
West Afncan matenal had a mean downy

ddew incrdence of less than 10%. while
trals of muostly Irdian entries had much
higher levels of sosceptibifity Twelve selec
nons of the wild species. Penmseturn viok:
cean, from Mal and Burking Faso, did not
show esistance to downy mildew i pot
tals A mullet vanety rom Burkia Faso had
excellent resistance noall five countros
whore the West African downy  midew
nursery was grown. Multifocational pearl
millet testing in India and West Africa clearly
dermonstrated differences i vitulence of the
downy mildew pathogen across locations in
both regions, and ¢f the rust pathogen in
Incha.

In research on sorghum downy mudew
scientists have nowadentified the genes that
confer resistance 1o downy mildew in 1986,
87 k. populations, derived from crossmg 14
downy nmuldew resistant parents with cach
other  or with  susceptible  hines,  were
screened in India. In 1987, 29 F - populations
nvolving eight of the susceptible parents

o
X
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Symploms of grain mo/d the most /mporlan[
sarghum disease worldwide. Stable sources
ofresigtance have been identified, and these
are bemny used in breeding improved lines.

wereagain screened, with the addition of the
backcross Fo generation for 18 of the popu-
lations. A single dominant gene confers res-
istance mn crosses involving 1S 2266, while in
QL 3 (5 187271 it appears that at least two
genes. and  probably  moedilying  genes
confer resistance

Breeders are using these resistant sour-
ces. particularly QL 3 (1S 18757). which has
shown stable resistance in 12 years of multi-



locational testing, (0 incerpurate downy mil-
dew resistonce anto cullivars with other
dagronumically desrable characenstios
Aorldhade, gran mord 15 e mostimpor -
fant discase of sorghiam, particularty the
aorovec serghums that npen before the
erid of e rainy season when disease pres-
fignest Maltdocatonal tials 1o tost
Torthe stability of gram meld resistance werne
restaned e TO8H after 156 sorghum i
haod been adentbied as resistant to grain
okl The 1985 Intemational Sorahum Gram
Nigid Mursery had THE test entnes and three
stisceptble controls and was grown at two
wcations moindia, and m Burkma Faso in

SUle s

West Alfrica All but six test entries were res-
Istant at the three locations

On ihe basis of moid resistance scores
and agronomic trails, 31 west entnes wore
rotested n 1986 and 1987 In both years, the
same D test entries were resistant at five
ocatons Thus i 3 yoars ol lesting, resist-
ance o hoth low s and bigh-tanmin sorghums
hay proved stable at tocations outside tindia,
and breeders are now incomorating this
qram mold resistance into white-gramed,
fugh viclding sorghuniss with other desirabln
lrauts

sScreening for resistance to carly leaf spot
of groundnut s Cercosporda arachgicola) had
not been possible  at ICRISAT  Center
because both late leat spot and rust domi-
nated. Coliaborative thals were planned in

Early leaf spot of groundnut: extensive field
screening for this disease became possible
for the first time at ICRISAT Center.

I
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1987 vativihe G B, PantUniversity of Agricul-
ture and Technology, Pantnagar, Uttar Pra-
desh. in northern India, where early leaf spot
is commonly severe. This initiative coincided
with an unusually severe attack of early leat
spot at ICRISA™ Center during the 1987
rainy season, and only fate and light attacks
by rust and late leat spot

Thus 1t was possible for the first time to
extensiv ly  screen groundnutl germplaso
and breeding lines forresistance to early leat
spot at ICRISAT Center Thirty-six gorm-
plasm lines showed resistance to carly leaf
spot. while 22 inlerspecilic: hybnds were
wentified as having resistance to this dis-
ease, and eight ot them also had significant
resistance to rust and late leaf spot diseases.
The wils species used as parent, included
A chacoense. A cardendasi. A viliosa, and
the amphidiploid A correnting ~ A batizocon

Sources of toleran o tomato spotted
il voas CTSWAY i groundnut have also
been wfentified for tre first e TSWV s the
causatagent of bud necrosis disease (BN
ntil now, the only source of resistance was
that some greundnut culivars were sy
atractive to thnps, the nsect vector that e
nes TSWV I laboratory tnals, several high-
vielding germplasm ana preeding ines with
resistance 1o the thnps vector of GND were
tested for resistance 1o TSWYD and two
showed tolerand

Prelmimary  capeniments o with - differeont
Inchan solates of e prgeonpea wilt patho-
aen, fFusanum udon ndicated the exist-
ence of physiologic races. in multifocational
tnals for fusanurn wilt resistance, some
pigeonpea genotypes were resistant at one
location, but they were susceptible at other
locations. To eslablish whether this variation
i the genotypic reacticn was due to physio-
logic races of F. udum, the 7-day-old roots of
27 pigeonpea genotypes, raised in sterilized
sand in a greenhouse, were dipped in the
spore suspension of the fungus and trans-
planted to pols containing sterilized sand
and Vertisol. Wilt incidence was recorded 90
days after transplanting.

Groundnut lines
resistant  (left)
and susceptible
(nght) to the
tomato spotted wilt virus. which causes the
tud necrosis disease (inse¢t shows
Symptoms)

Based on the reaction of six of the 27
genotypes used in the experiment, the six
isolates were grouped into five different phy-
siclogic races. The react:an of the six geno-
types to both isolates from ICRISAT Center
was similar, but they reacted differently to
the other four isolates. Studies using other
solates of /. wdum are in progress.

This work has important impiications for
multilocational testing of pigeonpea for res-
istance to wilt.

Surveys conducted in India and Nepal
showed that allernaria blight is the most pre-



dommnanrticiispot bhght pathogen affecting
pigeenpes The disedase nad boen consi
dered imporient onty o pgeonoeas ool -

SAted unng the pastramy season but the
Survey nesedles that alternana bhight s
Gocotng unportant even for the rainy-
seasen orop Several sovnces of rosistance
aeavadable, and brocders will work 1o
Tearpeidale ther o bnes with qood dnno-
Pome e "»“‘,”(Hi"l(;j

tesedren on anciner disease that hots

cideonter production ctendty mosae dis

dheanuts mite vector A g Carin wore
Tourd te o survive throwgh the offseason
ESUTI T ONthS ) ON TAtOoNeE PIgeonped in
caster Ut Pradesh 1 was not provioush
OO Doy he disease sorvived n the
witsoason. A long-duration pigeonpea, 1P
366, whichis resistant to stenhty mosaic dis-
Case. was selected 1or on-fanm tnals in
ondemic areas of two Indian states

Freld screening for resistance (o Sterility
mosaic disease in pigeonped (below). At
right, the disease svmptoms.
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Combating Insects

An important part of ICHISAT s effort to sta-
bilize agricultural producton isimproving the:
aldity of tts mandate crops o resist msects
thiatravage themand drasticalyreduce ther
vic s of gran and foader

Entomologists wors closebs wihy hreeders
andd o other scientists en anterdisciplinarny
teams o adentty msoect roesistance in o wild
and cuitvated plants. and to ncorporate
hose bads inta hines wath other desirable

s, sucn as o migh yela o toleranee to
drought and  other stresses Alona with
preedmg for natwal resistance. ICRISAT
emphasizes ntegrated pest management,
nctuding pest surveys, populanon mondor-
iy, ological control, sater and more etfr-
cient methods of pesticide apphcation. and
anproved agronomic praclices

Insect pests such as she -t i stem borer,
sorghum midge. head i~ anahead cater-
pilfars all it yields ot sham. vhichas the
third mostimportant cerealbinindy after rice
and wheat Grainm vields on fanms are low
£500-800 kg “hay although the pote nhal vield
1s over 5000 ka ha Yield losses of 152070
in o sorghum have been auibuted 1o nsect
pesty

Shool Hy (AMmengona soccala) infestatien
1 posiively associated with leat suiface
maisture and moisture accumulation in g
spindie leat Avresistant genotype, 1S 18551,
has been dentified, it had 25-30% dead-
hearts alter infestation. compaied 1o Gh-
ToGu i e susceptible control, CSH

Several sorghum genutypes have snown
oy susceptibilty to stemborer iCnsle pan
foutoattack Tolerance 1o attack by stern
borer s associated with carly pamcle miha-
son and rapid elonaation of mternodes

In toals at JCRISAT Center. genotvpes
hiave been dentfied wih resistance to both
shaot fly and stem vorer The best are 1S
JOULC IS AB0G and 1S 78551 This s an
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o T ) R
'Jsing a stem cage n elforts to study stem
boror darmage under induced infestation.
Several genotypes with low susceptibiity to

attacn oy this insect nave beern identified.

example of breeding and screening to com-
bine resistance to multiple pestsin cultivars
that are high vielding ana have other desir-
able agronomic traits

Using & no-choice. headcage technique
for lesting. acceptable sorghum  midge
(Contanma sorghicola) resistance has been



dentihied meseven TORISAT ines I mualtilo-
cational testing o West Aoca midaes rosis -
Aanceavas conbitmed mofour ines that also
Beve hiah vield potenhial and geod adapta-
sonomckionng resistance o deat disoeses
Hecrndless o mtestanon level these o
CHISAT enctvies supported signincantly
Tesver ead Duas tan e suscentble con
Hol el b anag three of these genotypes
Sernnated under eat and drouaht stross at

fe thign 80 companead wath G390

eesearoh o controhinseel posts of pearl
millet sl ISCan Niger, scientists found a hugh
correlahon between the numbor of exit holes
and the arval populaton of the stem bores
CACona gnetusahe i poarl mitlet, Sam-
pong for stem borer larvae consumes time
and liaor and it preciudes screening large
numbers of milet ines to ind resistant sour-
e however, recording exit holes gives the
Hecessary precision for use in a screening

S rndge-resistant sorghum  seen growing
1, usIng

S s resistance was confinmed
nduced insect pressure

A caterpillar, Spodoptora lituralis. feeding on
groununut pod

program. Anothar advantage of this lech:
nique is that the stems need not be exam-
mec durmgthe growimg season because the
exitholes can be counted onthe diy stems at
any tme This method provides an accuratoe
means of assessmg total Lrval popalations
Attacking a genotype

AL AtISC studies on crop losses caused
by the mullet head wonn febocnedus (Ragh-
v dlbipuncieilis shoveed that 3-9 larvae
per head (o normal farval density on sus
ceptble focal cultivars) resulted i a 207
yiela boss ard that one v resuited g
B ot toss per head Thsaintoroation can be
used o estimate losses i fanners” helas

By screenmyg breeding matenal i lniaia.,
screntists dentiied 25 hnes with resistance
o Groundnut leal womnern (S proaerenis mods-
celioander agh-intensity attack

A eensive survey of gioundnut fields in
soathern Atnea, undertaken at the -oquest of
SADCC national programs, showed that soil-
borme msects especially termites and winte
drubscan casse substantal damage. White
grubs dlerva of scarabaeid beetles) were the
most frequently encountered  soil insect

no



SUSCEDHNC ONe At pgh! INsel shows nsect Jamage.

The were particulatly numerous i Zim
babwe where they had damaged the roots of
nearty 0% of the plants samplad. Micro-
;e most abundant in southern
Jambia n o meds2asen in Botswana, esti-
mates from fieid siatons ndicated  inat
members ot this gends can cause a 50%

G iants and damaagmna

1
1
pods sk of aflatoxan contarrmation s

fe e

cron lass by Kiiling
mcreased by pod damage
Sumae of Ine observations made auning
s survey, which will be aseful W aude
tuture research ane
* Solinsects. as a whole ae a major con-
stramt to groundnut production i south-
ern Africa
o Termites (Microtermes  sppy attack
groundnut  plants durng a drought
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because there s little else left for them 1o
eat.

* Kiling some ant species with insaeclicides
can merease termite attacks.

* The amount of damage caused by soil
mnsects s related to the mtensity of cultr-
vation. Insect damage was less of a prob-
lem in fields commg out of falow and m
shifting agnculture than i the mtensive
agricultural scene of central Maiawr and
the Zimbabwe communal lands

® Soilinsects are of widely diverse spocios,
especialy the white gribs and ternutes

In anuther step in ICRISAT's continuing
research on Hehotins, scientists have suc-
cessfully incorporated tolerance /resistance
to this insect pest i mediwm-duration



S NSECIS. A5 o Jroup). were 1ound 1o ne a
TAOr CONSUANE LD groundh, T oroduction in
southern Afuca: Ternites nset top nghty
Can Chause considerable damage in ground-
et helds dopl by eatng into the rools
cabover White grub(nighty is another damag-
g seiinsect frequently encountered in the
reqion It dameages the 100is as weil
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line, ICPL 870889, is one of the two medium-duration lines identified that
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showedresisiance o the poa borer, Heliothis armigera, a devastating insect on bott chickpea

and pryeonpea.

nigeonpea. Two resistant lines, ICPL. 87088
and ICPL 87089, showed significantly higher
yield and less ped borer damage than a con-
trol cultivar under pesticide-free conditions

carva of the pod borer, Heliothis armigera,
dappear to be developing resistance to tne
commonly used insecticides i southern
Indin. This emphasizes the value and
urgency of screening and breedimg oo
this-resigtant chickpeas and pigeonpoeas
Cooperation with the QOverseas Develop-
ment Natural Resources  Institute (U
revealed considerable dispersal potental in
Heliothis moths- —they can travel up 1o 90 ain
i a single night. The pheromone trap net-
wotk alsc increased uncerstanding of the

population fluctuations across the sub-
continent

The results from International Chickpea
Henotns Resistance Niurseries woere encou-
ragir ¢, and further progress was made in the
selection of crickpeas that combined resict-
ance o Adeholitns and tusarium wilt Collabo-
ratve siudies with the Max-Planck Institute
for Broctemstty at Mumich dentified four
volatie chemieals i seeds of susceptible
chichpea cullivars that attracted Heliothis
larvac and egy-laying moths. This develop-
ment may ncrease progress in Heliothis
management by allowing  scientists  to
screen for the presence of these chemicals
i searching tor Hehothis-resistant cultivars.



Enduring Physical Stresses

Physical stresses such s tigh sof and au
temperatures, poer soils, sandstenms, saline
soil. and highly vanabic rawntall, adversely
affect cron production. ICRISAT scientists
o serentsts from national vrograms in
studdving crop behavior aneder these con
i

Screntists often need to study in detadl
lactors that cause such stresses, as well as
racractions armong them, so as to design

measures that can nitigate the stresses.
They then try toadentify practices, crops, and
goenolypes better adapted to endure the
harsh envionmental stresses of the semi-
and topue-

Routme =creenma of pearl milet ines from
the breeding program for thei ability to es-
tablish in dry weather beoan in 1987 at1SC.
Genotypic differences tor seedhng snrvival
under drought were observed. The influence

Differences were observed in both sorghum (secn below) and pearl millet lines for their abifity
o emeige through crusted soil. Scientists are now studyirg the mechanism of such emer-

gence in further eflorts at crop improvement.
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Screening for drought tolerance in pigeonpea using a hine-source sprinkler to create graded

~NeSS

of seed quality on seedhng survival s being
nvestigated further. Seedlings survived boet-
ter under a combination of ligh soilternpera-
tures (more than 60°C at the sl surface)
and adequate seedbed moisture, than they
aid under a combination of dry seecbed and
high soil ternperatures, or on a dry seedbed.

In work at ICRISAT Cenler, cereals
researcners found that the ability of some
secdlings to emerge through a soil crust that
mhibted emergence of other seedlings may
be genetically controlled

Beginning in 1981, a large number of
materials was identified by using the same
technigue year afler year The emergence
trait was identified in both sorghum and peatl
miliet where the sarme materials were grown
from seeds nroduced in different seasons, or
when the same seed lot was grown in differ-

enttnals or years. IHthe number of seedlings
that emerged through the crust was 60% or
mare of those emerging in the cantrol (where
the crustwas mechanically brokeni. then the
cultivar was consiaered for selecton as a
crust-tolerant genotype.

ICRISAT physiologists now screen for this
character only when breaders request eva-
fuation of their matenial, but they are also
trying to define the mechanmism of omaor-
gence throuah the soil crust

in other pearl millet research. several test
nybrids yielded well gy mnitial trinls cader tor
minal drought These hiybrids were mao
with poliinators selected undoer drought con-
ditions or with eatly open-poliinated vare
ties, and with very carly mao -stenle lines
such as ICMA 2 (843Ar wna 8GHA This
approach attempts to combme two lraits



Stedoing the rosponse of a pigeonpea wild species. Atylosia albicans. (o varous levels of soi
Sabivicontrol at left. highest lever of saliniye ar exireme nght) 7 s work offers promise fur
INCOIPOrALNG entanced sall 1oierance o Cullivated prigeonped

carliness trom the male -stenle Ine (drought
cecane and tolerance Lo drought from the
pethinator This comaination may help breed
nvDids that are genainely superior under
such condimons

Genotypie differences  in moisture
response of chickpea and pigeonpea were
atso confrmed in wark at ICRISAT Center. In
Chickpea, biomass and seed yield ot all gen-
otypes nut affected by disease, grown over
two searons, increased linearly with soil
cioisture up o a le cel where the surface sol!

Ps ineardy over a wide range of soil mos-
e evels  further  simphifics research,
becansa it validates the uee of just two mois-
twre levels  (with ar  without irngation) -
nstead of using the ine-source irngation

system-—to compate chickpea genotypu:
for drought response.

A major problem of vigorously growing
chickpea crops is excessive productior. o
vegelalive biomass. In areas where nian
temperatures fall below 8°C during Hower
g, such as in northern India, pods aften i’
to set. Failure 1o set pods also encourace:
excessive vegetative growth, resuiing i
alow harvest index Researchers npave
now created 12 populalions of colid toleram
material that beuins to flower and set pods
during the coldest part of the year Prelimi-
nary data sugaest that it s possible 1
increase yiela by advancing flowenng ana
pod sel into the ~noler inanths. These aeno-
types produced a greater proporion of seed
i their biomass



Shortl-duration pigeonpea can face mter-
mittent drought stress auning the ramy sea
son. Durng the 1986 rainy season. 30
short-duration genotypes were screenoed for
thenr response o amosture gradient, croe-
Ated by hnesource spanklers inagation was
anpdied durmg Septemboer when ramtall wos
sparse correspondimg 1o the postliowenng
penodiormost aenotypes lesponses tothe
citeront mosture devels woere diverse. In
soinc cases, both growth and yield wore
depresson al the highest mosture levels,
which indicated effects from watedouging
Fhis suggests that e ine-source sprinkle,
systern could be used to screen simaltane
ausly for both drought and waterlegging
tolerance.

Yield potental of  extia short-duraton
pigeonpea  genotypes  was evaluated  n
peninsular India under rainfed conditions in
a season with less than average ramfall
yields of up to 1 6 t/ha were obtained within
90 Jdays. Such short-duration cultivars would
he valuable in environments with a short
ramy season.

In some areas where pigeonpea is grown,
mereasmng soil cahnity limits production of
this important multipurpose crop. In an
attempt 1o hnd sources of improved salintly
tolorance mopigeonpaa, 15 wild relatives
woere grownin sand culture with ditferent salt
concentrations, and flushed with a nutrient
solutien which included  nitrogen (plants
vere not moculated wah [2heobuin). Some
of the wild species, mcluding Atviosa platy-
carpa and AL atbicans, possess considera-
blesalt toleranc This offers promise for
mcorporating encanced salt tolerance nto
celivated prlgeonpea

A stagaered . basesting procedure to
select for earlingss in groundnut has been
anproved by legume scientists, using degree
days theal units) —mslead of  subjective
matunty raits - for detenainmg date of hag-
vest Crops grown in the rainy seasen lake
lonaer to mature, so when harvest times are
determined by thermal data rather than by
calendar, comparison between harvest data
collected m the rainy and postrainy seasons
1S more precise.

Managing Resources

The farmers of the semi-arid tropics face
many hazards: low and unpredictable rain-
fall temperatures excecding 40°C. infertile
soils, and 1n the Sahel fierce sandstorms.
Some of these constramts can be overcome
by good management. which is the key to
exploiting the: limited resources of the SAT in
ways which are both efficiert and sustama-
ble ICRISAT scientists, working in tndia and
Niger, seck 1o find better systems of man-
agement wiich willincrease the productivity
and income of farr households.

The Sahelan countries of West Africa
have recently suffered from extreme
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droughts and persistent crop failures, while
ir. India, there is a widespread belief that
rainfallis becoming more variable. As part of
a study to evaluate changes in rainfall varia-
bility in India and the Sahel long-term
records for two typical locations, Niamey in
Niger and Hyderabad inIndia, were analyzed
for evidence of recent changes.

The analysis of 87 years of rainfall data a:
Hyderabad showed no significant trend, and
the rainfall In a given year was not related to
that of the preceding or following year.

At Niamey, annual rainfall was less than
the average in 40 of the years from 1905 lo
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formad part of the 87-year study of ralnfall data.

198/, with a high frequency of diy years
during the last two decades For example. i
only & ot the last 17 years was the recorded
annual rainfail greater than the tong-term
mean.and rainfallin all years after 1979 was
below the mean. Serous drought (defined as
ramfall less than 75% of the mean) has
occurred 0 L oof the dast 10 years., This
decling has shortened the growing season in
an already marginal zone, emphasizing the
nzed for short-duration cultivars in the Sahel.

Compared with Hyderabad, Niamey has
longer sequences of consecutive ‘dry years
with below-average rainfall ana much fower
wet' years nterspersed among the dry
years. Thus drought perioas arelongerin the
Sahelian Zone, and the agnicultural conse-
quences are more severe than those in the

Indian SAT. Developing the know-how to
increase and stabilize food production in the
Sahel is a formidable challenge.

At the ICRISAT Sahelian Center (ISC), a
number of management approaches are
being evaluated. In ainedium-term soil man-
agement experiment, scientists assessed
the efiects of cultivation methods and crop
rotation on yields. During the 1987 rainy sea-
son, a peari millet crop benefited substan-
taily from the residual effect of pure
cowpeas. particularly in combination with
tilage. Average pearl millet grain vyield
ncreased from 542 1o 733 kg/ha on culti-
veted plots. Also, under 430 mm ot rainfall,
four ICRISAT groundnut cultivars gave
yields of 152 to 260 ky/ha when inter-
cropped with millet, and 405 to 450 kg/ha
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g in bothIndia and West Africa-- Faicherhia albida (previcusly

el T ATV AR G Y

anuvn as Acacia alhida) has been found quite promising, with its spieading habit. In this field,
e tree s grown dlong side crops of caster (foreground) andd sorghum (background;.

vhen grown 3s a sole crop.

An INRAN/ICRISAT colaborative apera-
tonal-scale expenment at Birni N'Konnt
Mhger began i 1987 to study improved cultu-
rattechmagues, It was a severe test The first
pianting rain vegan H weeks [ate and up o
harvest onby 240 mm of 1am fell Applving
tentilzer ncieased millet aran and stover
yield over the taditional system of millet and
cowpea nmxed cropping. Sowmyg on ndges
and mechanized interrow weeding, using
ammmal traction, addtionally mcredased yields
of millet grain. sover, and cowpea hay. but
reduced cowpea grem. Mechamzation
reduced time spent on the first weeding by
42% ard on the second by 37%

Scientists at 1SC also evaluated the
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response of 10 groundnut cultivars sown on
an Alusoi at Bengou in southern Niger to
three differentland management treatments:
flat. broadbed-and-tfurrow (BBF), and tied
ndges. The BBF and tmd-ridge treatments
toth gave higher yields than flat sowings.
i Niger. there s growing mierest in off-
SeAsON Crops  toaugment rainy-season
crops Scientists have been evaluating the
petental of extending cownea into this
penord when the pressure from aphias is
cither noneastent or lower than in the rainy
scason Inprelimmary trials. 1 tofgrainand 2
tot hay were obtained with either no protec-
ton or very imited protection from insect
pests. This 1s an important finding because
mnsecticides are scarce in the regicn and
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Perennial pigeonpea, grown here as an alley cicp with sunflowe:, is being studied for its

pranuse n arange of cropping systens. including s potential in agroforestry.

farmers usuaily cannot afford them.

Numerous cowpea breeding lines were
evaluated at ISC, buth as sole crops and as
intercrops, Leaf diseases. such as bacterial
Llight and Macrophomina, appeared on
arye numhers of plants. Scientists identified
I2 cultivars that have the ability to stay green
untit e harvest of pods. an irportant char-
actenstic for dual-purpose (grain « fodder)
COWPOEHS.

In cowpea yield nursenes, 10 cullivars
gave grain yields of 070-095 t/ha, even
thougn there was no rain from flowering to
matunty, lemperatures were very high, and
the cropreceived no supplementalirrigation.

Aimong forage legumes - reened for
intercropping at ISC. the perennial Stylo-

santhes harmata yielded 2.5t/ ha of fodder in
1987 and 5.3 t/ha in 1986. A cultivar from
CIAT yielded more than the others.
Fardherbia albida (previously known as
Acacia albiday s a large spreading tree that
farmers often leave in crepped fields its role
in agroforestry systems of the Sahcl is well
docuinented. Two studios began i 1987 to
collect and improve the tree for agratorestry
plantings. The firstinvolved monthly visits 1o
120 trees to determine vanation n flushing,
flower production, and leat drop. Most rees
followed the characicrshc pattern of losing
leaves during the to.i month of the ramy
season. bul there was a wide, polentially
exploitable, variation in this trait In a second
study. seed collected from 49 mother trees
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Sorghum responding spectacularly (0 phos-
nhorus (background) on previously nonterti-
Lred Vertisol inthe faregrouna is the control
treatment, with no added phosphoris.

Nas sownoan a rephcated expariment wih
singic-tree plets. At 6 months. there was
much more vanation within the families than
netween them. individual trees showed
impressive variationinformand early growth
rate. traits that could be exploited and
inproved genetically Vegetative propaga-
ton through root cuttings of superior indwvid-
ual plants could give rapid gain

In other agroforestry research. conducted
at ICRISAT Center, three perennial pigeon-
piza varielies yielded far more than Leu-
caena leucocephata. In 18 months, wood
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production by pigeonpea averaged 20-24
t“ha. compared 1o only 5-9 t/ha by leu-
caena Addiionai advantages of perennial
pigeonpea include pod and fodder produc-
flon and less competibon wih intercrops. In
[nddica's SAT aliey croppimg of leucaena and
annuad crepsm unlikely to be viable because
the shallow-roounyg leacaena robs moisture
from the annoal crop On the other hand,
prospects for the expansion of sole-cropped
tarm forestry systems 2re good because of
the increasmg demand (o todder and its
cust

Inthe 1987 ramy season atlCRISAT Cen-
wron ndia sorghun responded spectacu-
fatly to phosphorus apphed (o a previously
nonfertiiized Vertisol with a very tow level of
avalabie P dess than 0.05 ppmy Grain yield
mereased from 013 to 348 t'ha with the
addinon of 30 kg o phosphorus perha Inthe
posiamy season. e lack of response to
ferthzenin trarmers hiclds ndicated the need
for further research, both basic and di-
agnosue

Farther hield studies on o range of soil
types have shown that nodulated chickpea
responds to nilregen fertilizer atleastmargi-
rally This indicates a scope for mprove
menrt of the chickpea-fRheobise: syimbiosis
On the other hand, only small doses of nitro-
gen severely hinderod symbiotic dovelop-
ment. Among  vanous crops  studied,
chicvpea had the graatest abiity (o lower the
pH of the root zone This may axplain the
ability of chickpea to esract adequate phos -
pnotus from alkaline soills with apparenily
low levels of avallable phosphorus

The growth habit of fong duratien pigeot:-
pea has little intiuence on s verformance in
an intercrop with millet because the growth
Lenod dfter harvest of millet is lorg enough
1o compensate for any competition. Geno-
types of pigeonnea suitable for growing as a
mixture with black gram (Vigna munyo) in
rice fallows have also been identified.
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Village Studies in West Africa

Fordyoars from 1081 TORISAT rosearchers
qatherod daw in 10 waiades o Burnima faso
and Niger Thes ettort parallels the Village -
Level Studies (VIS conducted for 10 yvears
mincdia, which concluded in 1985 ICRISAT 5
ceonomists studied m detall agrochimatic
factors and  behavioral responses assao-
cutted anth decisionmaking by rarmers The
vast quantily of data assembled in these sty
dies wall be used 1o hely refine researcn
goals. and to determme what changes of
pohcy are necded to help farmers increase
and stabilize agncultural produstion

Two aspects are now ready 1o be roported
why antmal traction has been adopted so
slowly and urievenly across different subre-
gions of West Africa, and strategies that

farmers use o mamtain household con-
sumplon during projonaed droaght

Adoption of Animal Traction

The loted extent to which animal traction
lechnatoay has been adepted iy the West
Afnican SAT has long puzzied development
othicials and researchers Traction systems
are employed on iess manr 15% of the culti-
vated area sown in the regron, despite public
and private efforts to promote adopton
speaning more than half a century
ICRISAT researchers collaborated with
SAFGRAD (Semi-Arid Food Grams Re-

ICRISAT's village studies .n West Atrica have traced some reasons for slow adoption of
traction technology by farmers.
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Income and Consumption
During a Drought

Voct cntail danng 1984 severely reduced
Cropoyaiclds i the Sahehan and Sudanian
sones ot Burmina Fase ICRISAT s farm-level
Sttithes were able to monitor strategres used
by drought-attected  farmers o mamtamn
ovschio concumpton The International
foon Poliny Research Institute (FPRD cor-
wanorated on s project, wiich enabled
rescareners toonclude g 24-nour recall sur
vy e food consumption, conducted at
Cotee sy anternva’s

An o resvit ot the drought, household cron
jroduction from e 1984 harvest mel only
JHYe of the annual energy requirement in
cachrone asing ine World Health Organiza-

von (WHOj standard of 19 kilgpoules 12850
Ca'™res) por day for an adull male But des
pite this lower produchion, the average Sahe-
han housenold  met s consumption
requirernents arid had a daily intake of more
than 1202 K per aodult mide caquivalent In
contrast actual consumptionrmong Sudan-
KIN Zone peopie averaqged 18% below the
WHIO standaio

The consumption analysis showid that
asset-poct houscholds m both cones con-
sumed a highar percentayge of purchased
food and were thus more adversely affected
by market inethciencies. Such vuinerabihity
wad partculany actre aurng tne mincediate
preharvest penod  when 60-/0%  of the
energy consumed in the poor strata was pur-
chased Because gram prices normally peak
dunng this penod, the effects of seasonal

Auaral households that relhed on diversiied activity for then income, rather than solely on
Cropping, were beltler able [0 adop! o hardships imposed by recurrent arought in the region.

Artisan skills can be a useful source of income.
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Srnall tummants arid adequale storage for years when harvests are beller are aiso pari of the

overall strategy some ignners successtully use to combat arougt,
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price swings cnreahincome were acutely fell
by pocrer households

The emploviment and mcome profiles »f
sample neuseholds were analyzed to deter
tine tactors that eaplen the significantly Uif-
Terent CONGUTpLGH patems in the two Stucty
ones The Sanehan farmers denved then
doomos from considerably more diverse
woniors dand regions than did the Sudanian
example.  crop  production

nciachng farm wage laborn accountod for
vt B0 ot come mithe Sahet sample, but
fade e mothe Sudaman cone. Major sous-
cos ol alteomative income included ivestock
fradhee and angriation labor which together
Drevhied aeariv tvo o and g half times the
netor househoids m e Sahel
crorndred oo nese o the Sudamian zone
CEATTIe0 versus CEA 71000 per

Lsenoid:

farmmors bor

Hcciteane)

Sincencome iror botte sectors s ldraei
cgeterined By economic condibions o the
drbaar centers of Burkina Fasy as well asm
e coastal countnes of West Afnca canming
lecnds fronmthese sournes tave relatively oy

ceanation Ath ecal crop ncomes These
vtire cs of suppimental neome, tererorne,
acl stabtilee toen nousehold meome vhen
fluctuations occur in local crop production.

inconbast rarmuing houaseholds in the
it andiess vanabe rainfall conditons
Sudaman sone, have traditonatly
SHphasized crop procucton. with some-
St osmaller anvestments in liveslock

creasing land pressure and (:C()IU{,_)I(‘,EII
acchne nave reduced orehmimated the graz-
ny potental. further educing the impor-
tance of ivestock Land pressure has also
redluced the capacity ot farmers in the
Sudaman sone 10 produce and stock large
arain surpluses as a bulter auainst annual
production  fluctuations.  Because  these
changes have occurred rapidly and rela-

(M AT

tively recently, nugralion pattemns and unks
with external employment have not yel
evulved 1o reptace the nsurance r()lo for
merly played by ammal and cereal stoc

This study has several impications F ISt
to detenmne the maanitude ocation. g
waolfare conscquences of crop falures, Crop
preducton and food consumphon Hgures
need ta be broken down by region. hionse-
nold wealth and season Average regional
medsdres can grossly anderestnate the
food problem. depenaing on how consump-
tion g distuibuted across households and
SQASUNS

sSccond. measues normally  used o
assess the relative need for relief assistance
arong regions. such as yield or rainfal
deficits, may poorly refiect the degree of
actual food msecunty because there are dif-
ferences inthe structure of produchion and in
farm-level purchasing power The areas of
Qredtest sk are nol necessanly in the low
ramfall sahel as is commonly assumeoed.
ncome strategies vary regionally
When comparable production  shortfalls
JCCUr nere tnay be greater nisk of severe
food shortages in the Sudarnan zone

Third. dependence on the market-- and
vuinerablity 1o its inefficiencies—was high
fellowing a pocr harvest al botn study sites
and across wealth strata P corer households
depend maore strangly on the market in both
cones, and purchase more of their total con-
sumption during the preharvest seasons
when cereal prices are nermally  high
tmprovements i the market infrastruct et
reduce interregional and interseasonal price
margins could benefit both efficiency and
equity. Where purchasing power 1s low. gen-
erating seasonal employment- by means
such as public works projects financed by
food-tor work--may be a highly effective
and complementary colic,

bhecause
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Pear! Millet in India

Pearl millet, in conltrast to other major cereals, is a
crop grown with fittle fertilizer, and virtually no
other inputs. Thus the importance of pearl millet to
the resource-poor farmer of the more hostile
Indian environments cannot be overestimated. In
1982, the Ministry of Agniculture, Government of
India. released the ICRISAT open-pollinated vari-
ely ICMV 1, as variety WC-C75. Il was widely
adopted by farmers at a time when the popular
hybrid BJ 104 was succumbing to downy mildew,
the most devasting disease df pearl millet. This
vear—1988—will be the fourth consective year
i which ICMV 1 has beer sown on more than |
million ha

Lespite the availability of ICMV 1, the seed
ndustry was compelled to continue seed produc-
tion ot hybrid BK 560, which is on the same imnale-
sterile line as BJ 104, because there were no

Increase of breeder seed in progress of pearl
millet ICMH 451, which has made rapid
strides after its release in india in 1986.
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wdher public sector hybrids available for indian
farmers, manv of whom have a preference for
hybrids. This resulled in higher disease levels in
the farmers’ fields and seed production plots.

A downy mildew resistant hybrid from ICRISAT,
ICMH 451, was released in 1986. ICRISAT pro-
auced a considerable amount of breeder seed of
the parental lines of this hybrid, and by the 1987
rainy season the public and private secter seed
agencics in India had producea large quantities
of ICMH 451 seed. After only one saason, farmers
were growing it on over 1 mitlion ha,

The progeny irom which the pollinator of this
hybrid was derived was first selected by an ICRI-
SAT breeder in Burxina Faso, and sent to ICRI-
SAT Center, India.

ICMH 451 is very high yielding. Over 3 years in
AICPMIP (ANl India Coordinated Pearl Millet
Improvement Project) lrials it was the highest
yielding hybrid, and yielded 30% morea grain and
20% more fodder than BJ 104 in the 2 years
BJ 104 was in the trial. ICMH 451 has excellent
food quality, with the highest protein and lysine
content of any pear! millet cultivar. In ICRISAT
trials, where its adagtability nas been studied, it
has given more stable yields across a range of
hostile environments than niost other entries. !t
has excelienl resistance lo downy mildew, and its
seed production is problem-free.

The production and release of these high-
yielding cultivars, resistant to downy miidew, is
highly significant. The average grain production
of pearl millet i1 India 2xceeds 5 million lonnes
annually. At sresent-day prices of US$ 123/, the
annual value of the crop is about US$ 650 million,
excluding the value of the fodder. The marginal
value of ICMH 451 ang ICMV 1 is tens of millions
of dofiars annually.

This breeding success has been made possi-
Lle by ICRISAT's global appraach to pear! millet
breeding, which has relied substantially on the
introduclion and exploitation of African germ-
plasm. This approach has signiticantly broad-
encd the crop's former narrow genetic base in
India, and it has introduced considerable varia-
tion for resistance to duwny mildew. This gerin-
plasm and improved breeding lines developed
from it shouid provide a rich source of parental
material far further improvements in the future.



Reaching Farmers’ Fields

Ovsr the years, ICRISAT's cooperative efforts with national proqram.s have led to the
release of many tinished varieties and hybrids, often through a process where intro-
duced breeding materials are adapted or developed further within national programs.

Outlined here are releases specific tc 1987.

In 18987, the workshop of the AllIndia Coordinated
Pearl Millet lrprovernent Program (AICPMIP)
recommended three hybnds for release and gens-
cral cultivation in the countiy. Two of them com-
pine ICKISAT male-sterile lines as sead parenis
with  pollinators from the Indian nationa!
program---HHB 50, from Haryana Agricultural
University, and Pusa 23, from the Institute of Agri-
culluras Research, New Delhi An ICRISAT hybrid,
ICMH 423, was the third hybrid to be releasad.

In scathern Africa, ane peart millet varicty was
refeased and two advanced to prerelease stage
in Zambia.

Sorghum variety 1ICSVY 112 (SPV 475) was
recommended for release and general cultivation
N India by the All India Coordinated Sorghuin
Improvement Program {AICSIP) workshop. In
more than 200 tests over 6 years, it yielded sub-
stantialiy more than the previously released ICRI -
SAT variely IC8V i (CSV 11). Another eorahum,
ICSV 145 (SAR 1), resistant to the paras iic weed
Striga asiatica, was recornrended for cultivation
in Striga-endemic areas of India, excenting the
state of Karnataka. tn Mexico, ICSV 112 was
released as UANL-1-V-187 by the Universily of
Nuevo Leon.

An ICRISAT sorghuni vanety (ICSV 1), which
was yield lested in Ethiopia for several years as
{SC108-3xCS 3541)-19-1, was released there by
the Institute of Agricuitural Research. In Zambia,
the sorghum hybridc WSP 287, based on an
ICRISAT-bred female parent, was also released.

The SADCC/ICRISAT sorghum and millet
improvement program is helping national pro-
grams multiply breeder seed of two sorghum vari-
elies, ICSV 112 and IC3V 1 (SPV 351). Both have
been released in Malawi, while the Zimbabwe
national program has released ICSV 112 as SV 1
and another ICRISAT line ICSV 88060 (A6460) as
SY 2. Three white grained sorghums (ICSV 2,
IC8V 112, and ICSV 132) and two red sorghums,
introduced in cooperation with the national pro-

gram, have been selected for prerelease
advanced trials in Swaziland.

The Caribbean Agricultural Research and
Devedopment Institute in 1987 released ICG 7886
as groundnuit cultivar "CARDI- Payne” for cultiva-
tion in Jamaica. This germplasm accossion had
been icentified by ICRISAT and the .. SDA-ARS,
Tilton, Georgia, USA, as having a high level of
resistance to rust and moderateresistanc.2 to late
leat spot.

ICGV 86065, a short-duration groundnut bred
at ICRISAT. has been identified for multiplication
and large-scale testing in Burma.

ICRISAT groundnut cultivars have perfermed
well in evaluation by the All India Coordinated
Oilseeds Research Project (AICORPO). ICGS 44,
sown in the western zone, yielded on average
24% more than the local variety.

In the International Foliar Diseases Resistance
Trial in Thailand, three ICRISAT groundnut lines
yielded over 3.5 t/ha of dried pods, compared
with 2.2 t/ha from the local control cultivar. A
drought-tolerant variety, ICGV €6635, outyielded
local control varieties by 30% at two locations in
India, and by 50% in a location in Thailand. In
international testing of confectionary groundnuts,
per heclare pod yields (in tonnes) were 8.6 for
ICGS 85 in Egypt, 3 for ICGS 61 and iCG(CG)S50
in Burundi, and 4 for ICG (CG)E 54 in Sudan and
Zambia.

In collaboration withICARDA, six chickpea cul-
tivars from international nurserics were released
in Cyprus, Morocco, Sudan, and Turkey. Iragand
ltaly also each released cne cultivar. An eco-
nomic feasibility study, conducted in Syria at nine
farms, has shown that sowing chickpeas in the
winter instead of waiting until spring can double
farmers’ income. Bangladesh scieniists released
the ICRISAT-developed chickpea ICCL 81248 as
Nabin for general cultivation in that country. in
Nepal, the Varietal Release Committee released
chickpea variely ICCV 1 (ICCC 4).
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Training

Traming agriculturatists from counities of i
semi-arid - lropics  strengthens  rescarch
capabilites, cevelops skills, and ncreases
technology transfer e national research and
exiension programs so that they can play an
active roie in both cvolving and using
mproved technologies. Inaddition to the for
maltranming offered at ICRISAT Centor, msti-
tile scentists posted elsewhere also offer
roscaren adviee and training

1987, 210 tranees partainatod in var
2us traming programs at [CRISAT Center
For the st ime, trainees included agricul-
tural students from Nicaragua, Trinidad,
Tumsia. ang Vietnam.  Thirty-five  in-

Activities

servicefeiiows from 11 countnies particr-
pated i oantensive  skills development
programs in pathiology, entomology. cytcge-
nelics, phvsiology, plart breeding, and soil
«enility. Of the 127 in-service tramees fom
35 countries, 89 were traned during the
lang-terny, ramy season i Crop nnprove
ment. crop predaction, resowce manage
ment fisrary science, hinchemistry, physical
plant  services, and tain development
operations.

Postdoctoral participsyis came from 10
countries to 171 isA 0 Lenter In rosearch an
pearl milie:, a crop physioiogist investigat::d
the refationship of vegetative duration with

lit-service trainees being shown how to emasculate sorghum.
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In-service tramee trom the Philippines harvests chickpea on his experimental niot.

In-aervice tramees fearn about infercropping in studying agronomy.




AR

such course hosted by ICRISAT.

phenotlype, while a breeder studied the utility
of male-sterile lines selected from diverse
cytoplasms In legumes, a rescarch fellow
worked on the inherntance pattern of dry root
ot resistance in chickpea. A postdoctoral
fellow mresource management completed a
year's study con the influence of sorghum
plant density on water-use efficiency and
yield

Twenty-nve students from 15 universitics
and 11 countries conducted theses re-
search on a wide range of topics. In chick
pea research, one student completed a
thesis on generational relationships and the
effect of spacing and selection,  while
another completed a 2-year study on e
variability in the blight pathogen, Ascochyla
rabiel. Other students studied groundnut rust
and leaf spot diseasces, the adoption of mod-
ern cereal cullivars in India, the effects of
staggered sowing dates and plant propot-

AD

g an international training course inlequn

v

nes pathology, the seventh

tions in a legume/cereal intercrop, the
effects of sowing dates and irrigation on the
yield of two rainy-season sorghum cultivars,
and marketed surplus, household invento-
ries, and price expeclations in the semi-arid
tropics of India.

Seven apprentices from four countries
were associated with research scientists in
work-study programs.

Continumng its tradition of international
training courses in legume pathology, ICRI-
SAT hosted the se:venth such course inJan-
uary. For the first time, the course dealt with
all three legumes on the Institute’s mandate,
pigeonp=a, chickpea, and groundnut. The
course was designed o enable participants
te diagnose discases asso .dled with the
three crops, to identify and characterize the
related fungi, viruses, and nematodes; and to
learn techniques to screen breeding mate-
rial for resistance to major pathogens.



Also in January, 10 particip.nts from nine
countries in Africa and Asia began a 6-week
training course 1n socioeconomics, the third
inthe last 4 years Topics included entify-
ing and allevialing production constraints,
cconomic considerations for Interdisciph-
nary farming systeins research, and effec-
ve use of micrecomputor sottware  in
CCONCINICS 1esearch

Fhe st International Traming Workshop
on Groundnut Modeling began inlate March.
Twenty-two scientists attended the 12-day
workshop which tested and validatad the
groendnuat model PNUTGRO developed by
the Umversity of Florda, 1SA Participants m
the: workshop, which was cosponsored by
the Internatinnal Benchmark Sites Network
for Agrotechinology Transfer (IESNATY. are
now - expected (o iam national program
scientists inther countries: Those from India
and Thadand will conduct expenments dur-
Mg 18788 50 that a unitorm minimum dats
sebon chmate. soil and crop can be col-
leeted o further improve the model.

W) _ Ay ri’.._‘ o . ,’k@;‘" 2_ A

Research scholar from Kenya studies how

height expression is inherited in pigeonpea.
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Traning of research technicians in progress in a newly built training facility at the SADCC/
ICRISAT reqional cereals program in Zimbabwe.

A

A course on techniques in the production
and evaluation of pigeonoea hybrids using
genetic male stenlity was organizea at ICRI-
SAT Center m Oclober. Founteen parhct-
pants  from aancuitural universities. the
Indhian Councit of Agncultural Researsh
CARY, and private and public sector seed
organizations altended the course

nregional bamma programs, 16 scientials
fram seven SHDCC coantnies and Burundi
partcipated n a b-weea ranming coarse on
research station management at Matopos
Zimbabwe Seven technicians nom fouw
SADCC countiies spent 4 weeks at Matonos
for traning m crop improvement and agron-
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omy of sorghum and millet.

[n individualzed training at ISC, Niger, 14
students from four countries studied diverse
toptes: effect of soilfertilty on crop establish-
ment in pearl millet and influence of sowing
date on the incidence of downy mildew, soil
management practices for ranfed agricul-
tureanimal traction, seed and seedling dis-
cascs o and lechiiques for diagnosis of
groundnut diseases

Dunng the year, ICRISAT continued to
merease its taming activities, as part of the
overall effort 1o maximize the transfer of
technology 1in association with partners in
national programs.



ICRISAT Senior Staff—
as of December 1987

ICRISAT Center

Administration

LD s
A8 aar Depeaty Direotar General

LU G on Asastant Director General tAdministration)
FOB Srnvasan, Assistant Director General (Liaison)
B O G Gunesekeni Advisorn o Director General

e Doncr Belations

Phrec lor Goneral

SEns Special Assistant o Director General
ot facatmonal Affairs
VWb Uran Advisor on Hescarch Lianagement Systems

Luoramanian Se bwecutive Offices
hirector General's Othee)
Jovte Qo S Adm Secretary (o DG
LIS S Heddy Scientist (on contiact unti Auqg)
Serectea Sanar SeAdm Secretary 1o the DG unl Sep)
Sanecnn Mohan Seoadm Othcer, Ottice
Uit DDG Hrom Aug)
o hattipath lumiar S Seeretany. Othee: of the DDG
Sbnstean Asst Manager tAdmng
St ot Adkaser to DG o Donor Belalions
ieetha S Secretary, Offee of the ADG (Admn)
Ao Newr, Adim Ofticer. Offce of the ADG (Lison)

a4 hiscal Manager

[T
by
A ance Assistant Manager (Frscaty

VS Swaminathan St Accounts Ofhcer

AN Venrataswainy St Accounts Officer

C P Haagonatan Accounts Ofhcer

P AV N Kumud Nath Accounts Officer

B K Vasu, Accounts Otficer

K Narayana Murthy Accounts Otficer

T Kuiashexhar Accounts Otficer

[ Snnvasan, Acccunts Officer

B donn. Personnel Manager (on leave from Apr)
P M Menon Personnel Manager (Acting, from Apr)
NS L Kumar. St Perscnnel Ofticor

P Suryanarayana. St Personnel Officer

Atiimeed, Personnel Othicer (tfrom Jul)

AdRama Rao Sr Secretary (Personnel)

R Vadyanathan Purchase and Stores Manager
CRBnshnan Asst tanager (Porenase and Stores)
P Nan S Parchase Ofticar

D Eenta, St Stores Othcer

DV Rama Bayu Sr Purchase Officer

K Saxena, St Stores Otficer

KR Nataragjan. Shipping and Purchase Officer
dosept Banp, Purchase Officer

Alakshminarayana, St Scientific Liason Othcer
VISHOrs” Services

Hansh Sethe Scientitic Limsan Officer

Georgma Fredenicks, Adm Othcer (Vigdors' Services)

KK Sood, St Secur ty Othcer

A Ekbote, Security Officer

KK Vi, St Adm Othicer (Deli Office)

Vlanshmanan, Asst Manager (Admiistroton, until Dec)

N Surya Prakash Rao. St Besicent Medica! Officer

G Vyjayakumar Trarspont Olticer (until Apr)

Kdagannadham. Adm Othcer (Transport)

ARama Murthy, Travel Officer

V.V Ramana Rao, Adm Officer

Research Programs
Cereals
Program Office

JM de Wet, Program Director,
K Santhanam, Asst Manager (Adm)
Nimata Kumar, Adim Officer (until Apr)

Sorghum Group

S ZMukuru, Principal Plant Breeder
LK Mughagho, Principal Plant Pathologist (on sabbatic;
JMPeacock. Principal Plant Physiologist
(on sabbatc from May)
K F Nwanze, Principal Cereals Entomologist
D.SMurty. Plant Breeder (on leave)
B.L Agrawal, Plant Breeder
Belum V.S Reddy. Plan! Breedor
P K.Vaidya, Plant Breeder
N Seetharama, Plant Physiologist
P.Soman, Plant Physiologst
Suresh Pande, Plant Pathologist (nn lcave)
R.Bandyopadhyay, Plant Pathologist
S.L Tanea, Entonuerist
H C Sharma, Entemologist (on sabbalic until Oct)
HD.Patil. Sr Research Associate (on leave from Jun)
K David Nicedemus, Sr Research Associate
D.J Flower. international Intern
H i<okubu. Postdoctoral Fellow (from July)

Pearl Millet Group

SB.King. Principal Plant Pathologist

FRBidinger, Pancipal Plant Physinlogis!

JRWitcombe Puncipat Plant Breeder

KKLee Puncpat Coreals Microbiologist

C.T Hash. Associate Principal Plant Breeder (from Apr)
KN -Rar Plant Breeder (on sabbatic from Apri
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BS Talukdar, Plan Breeder

Pher Singh, Plant Breeder ton teave from Aug)

S B Chavan, Plant Breeder

G Alagarswamy, Plant Physiologist (on secondment)

V Mahatakshau, Plant Physiologist

51D Smgh. Plant Pathologist

BT Thakur Plant Pathotogist (on sabbatic untl Jun)

S Wamn Kcrobhiologest

B st Khicrobiologrst

MM Pavar S Research Associate (untd Apr)

B Heddy S desoarch Associate

PO Craaturd Intermational ntern cuntil Vetn

D oHasr e datemational Intern qantd Mary
Vaeliaen. Postdoctoral Foltow (from Nov)

Kenya

VO Cnraqguossian, SAFGRAD ICRISAT Coordinator
for Sorghem and Miet tastern Afnea

Mexico

CHPaut Team teader and Prncipal Sorghum Agrenonist
i Chra Soentat Sorghium Broardes

Legumes
Program Office

VL Mene Progeam Director,

Lrabans Prncipal Coordinator, Asian Gram Legumes
Metwork con sabbatic from Aug

G Gowda, Actmg Coordinator AGEN (from Augy

DM Pawar SeoAgnicultural Otficer (Cooperative Tnals
LEGOFTEN)

Sutendra Mohan, St Adm Officer (untit Apr)

P Rama Murthy . Adm Officer

0y Michael Adoy Otficer

Pulses Group

W Reed, Frincipal Entomologist (unh! Nov)

C lonansen. Pnncipal Agronormist

bt Aven Bheenen, Prncipal Piant Breedoer, Chickpea

Laxman Singh, Prncipal Piant Breeder, Pigeonpea

AB S king, Principa Entomologist, ICRISAT/ODNRI

JAnhaa, Associate Prnincipal Physiologist

N A, Associate Boincipal Microbrologist

HJ Hansen Asst Pancinal Plant Patholog.st, ICRISAT
DANIDA

K Okada. Asst Principal Microbiologest

3 Sharma. Sr Plant Breeder Pigeonpea (unbil Jul)
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K CJdain, Plant Breeder TEGOFTEN

Onkar Singh, Plant Breeder, Chichpedn
(on sabbatc rrom Juh)

K B Saxena, Plant Breeder Pigronpea

S 6 Lateet, Entomologist

M P Haware, Plant Pathologst (on leave)

3 C Sethi, Plant Breeder, Chickpen

NP Sanena. Agronomust (Physiology)

O P Rupela. Agrononust (Microtrotogy)

JV DK Kumar Hao, Agrononmust (Microbiology)
LEGOFTEN

AM Ghanekar Plant Pathuologs!

Jagdish Kumar Plant Breeder, Chickpea

S Sithanantham: Lntomologist (on leaee from Jub

S G Gupta, Plant Broedoer, Pigeongea

MV Reddy. Plant Pathologist

Y S Chauhan Agronomist (Physology)

S B Shanna Pant Nematologst

MD Gupta St Hesearch Associte

NV R3atnam. S Research Associate

JH Miranaa, S Hesearch Associate, Chickpea

Sheda Vijay Kurnar, Sr Research Associate

L. Knshna Muarthy, St Besearch Associate

P K Anand Rao. Postdoctoral fetlow (unti Jan)
Nandita Sarkar, Postdoctoral Fellow

S K Singh. Postdoctoral Fellow drom May)

8B Lopes. Postdoctoral Fellow (from Jumn)

A Schroth, Research Scholar (from Oct)

Groundnut Group

D MeDonald Prncipat Plant Pathologist
JP RMoss Pnnapat Cytogenehicst
DV R Ready Pruncipat Plant Virologist
JHWilhams, Poncipal Plant Physiologist
(o sabhatic from May)
JAWmhtiman Prncipal Entomologist
SNNgam Prnncipal Plant Breeder
F Waliyar, Asst Poncipal Plant Pathologist
L JReddy Plant Breeuver
P Subrahmanyam. Plant Pathologist (on leave)
T C Namtrar, Microbiologist (on sahbatic from Apr)
PW Amin, Courdinator and Entomoltogist,
LEGOFTEN
GV Ranga Rao. Entomologist
A K Singh. Cytogenetcist (on sabnatic untld Jun)
V K Mehan, Plant Pathologist
[ C.Sastn. Cytageneticst
M J Vasudeva Rao. Plant Breeder
S L Dwived: Plant Breader
RC Nageswara Rao. Plant Physiologist
V M Ramra). Plant Physiologist
N Swananita Reddy. Sr Research Associate
Y Sudhakar Yekuata, Postdoctoral Fellow (from Jun)
C S Gold, Postdoctoral Feltow (from Sep)
R A Nawdu Postdoctorsd Fellow drom Jan)






Piant Quarantine

HK vanrea, Chet Plant Quarantine Otheer (until Nov)
N CJashe, Cruet Plant Quaranting Othcer
ton contract, from Dec)
Upendra Rave St Hesearch Associate
N Rajaman Sr Adm Ottieor

Fellowships and Training

DL Oswalt Principal Traanmg Ofhicen
and Program Leader

B Dweakar S Tramng Othcer

T Nagur S Trammng Ofheer

Sk Dasgunuti Se Triaring Otheer (on sabbatic untd May)

Faogdar Smagh Traming Ofhcer
S hagn SeoScoretary cantil Qct)

information Services

DA Fuccilio Henaa

JBWills. Bescaren tantor
Susan [ Hatt Researcn Batar
S M Sinha Asst Manacer, At and Production

[ R Monan Bay bditor

b Abranar Eobitar

tadng Reddy B aitor rant! Jang

Vohaahana bdor throm Apr

H 5 Daqgyal St Photograpbie Sapenasor iuntl Sep
Gk Goglans Se At visuahrer

P rapoor S Composma Supervisor
CAntomcany Printshop Supervisor

SRt S Photagrapnes

TV N Chan agen Othicea

Statistics

“uran Sigh Stabishaan

Computer Services

JWEstes, Computer Services, Officer

S Luthrg Manager (Computer Services)

J S Prasad Agst Manager (Computer Services)

FB RN Gapta Semor Computer Programmer / Analy st

Corameswara Rao Computer Programmer: Analy st
tanbl A,

SV Nandd Kyhore Computer Programmmer s Analyst

Jtnanaseabararn Computer Programmer . Analyst
cuntl Oty

EAVImo e Computer Programmer  Analyst

trom Novi

G Subba Raju, Compater PrograrmaiecAnalyst (from Nov)
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Library and Documentation Services

Lattaravay W ager

P K Smha 5 Documentation Office

P S Jadhav, SrLibory Oihicer

S Prasannalakshim Selibeary Othcer

R G Naidu, Docurmentation Otheer

V Venhkatesan. Dibrary Obcer tonleave from Aug)

Housing and Food Services

DAL vans, Manaaer drom foby
SMazumdar Asst Manaaer (F ood services)
B3 R Revathi Rao Asst Manager (Housing)
[V Subba Rao Asst Manager (Warehouse)
DN Sar Canteen Othor

Physical Plant Services

VP NMcGough Manager
W B Symons Principal Engineer (hrom Aug)
Sudhir Bakbia, CShiet | rgimeer (Civib
D Subramanarm, Chiet Enaimect (Electncaly
C K Bethappa, Asst Kanager (Workshop) (until Jan)
SE VK Chare St nginee
(Etectrone s ang dnetromentabions cantd Jan)
MSSPrasat S bnepnecr (bLtoctronics g
Instrmentaton)
AR Das Guote St b ngmees (Cormtagrication)
D C Ravada S ngoeen iAvcondihomng)
K Rawve Korar S b rguneer drom A Q)
R Thiyagaraan b ngmeer (aotormobiles) cantil hiarn
ANSmgh £ nginesr thicaey guipment and Tractors
S W Quader, Engqineer iOfice L auipment)
KRC Bose ngemeer (O
K Satyanatayana Rigu. i ngqinecr ifrom May)
V Madhusudan Bao [ oomeer
Y Chirangers Rao f ngineer
SPJaya Kumar, St Adm Ot

Farm Development and Operations

DS Bisht, Manager trom Juh

SNKapoor (Acting Manager untd duhy Manager (Fat
Machinery)

SKPal St Piant Protecton Ofheer

K Ravindrana'™ St Engmecr (barm Machinery)
M Prabhakar deddy SeoAgncattural Othicer
NV Subba Reddy, S riomealture: Dtheer

M C Ranganatha Rao. St Lngineer

S Abut Al Khan, Agncultural Ofticer

C Rama Reddy. Agncultural Officer

Akbar Pasha, Fogmeer

S5 G Gupta Longineer
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