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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 mandate is to improve 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 inc!ude 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 isaharsh region of limited, erratic rainfall and nutrient-poor soils.
It ispopulated 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-No of
the major cereals inthe SAT-and chickpea, pigeonpea, and groundnut, the 
most important food legumes of the region. Groundnut, rich in oil, isalso 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
rabad, 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 inAfrica are inBurkina 
Faso, Kenya, Malawi, Mali, Niger, and Zimbabwe. Scientists were previously
posted also in Nigeria and Senegal, but funding for these positions has
ceased. AWest Africa regional program for sorghum will be initiated in1988,
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, near Bulawayo, Zimbabwe, set up in 
response to an invitation from the nine-nation Southern African Develop­
ment Coordination Conference (SADCC). 



Impact became increasinglyvisible of ICRISA T's cooperation with nationalprogtams, 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 piogram of material introduced by ICRISA T from ils world collec­
lion. Below, visitors viewing an experimental plot growing ICRISA T's Pigeonpea ICPL 87 in 
Rampur, Nepal. 
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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 intemat:(.nal agricultural research 
centers, was consiuerably strengthened. Impact from such cooperation was 
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 aview 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 inseveral countries
of the semi-arid tropics, while others advanced further inprerelease testing
carried out in active cooperation with national programs. Tile 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 national programs to estab-
ish networks of ciupe'tators throtighoul 
Asia, Africa. and Lin At,r ica 7hes(e oon-
erators play a vital r(le in inentifving I)rob-
lems, and inrtlosirn and adaptiro (nentilc 
m:aterials and tarmomn -. ,-;t('rs to differti! 
agroclimatic i(lion is in(-, ii)aI aloable, 
infor natj(n t hKR SS/ -I na,3-d on their 
knowledk(I( of b c (conditions and thoi hinks 
with fa lers [Thin o . l cooperation, 
soltions ofli lg and I1 SSA-r is able 
to play :ts palt I cddil jo th(, pool of knowl-
edge alr ady availahle 

In active parnOerSip) Wilto national )o-
grais, ICRISAT scirS]tists set Lip sctening 
norseries and yield trials. ,-irdirair I)(ople to 

derive maximum benefit from them. ICRI-
SAT's genetic resources and improved lines, 
many of which have material from national 
pioqrarrms in their lineage, are fieely distrib­
uted and tested in a wide range of environ­
rients along ,th material fiorn national 
pro(rares. The release of new varieties in 
;(,v(2r, Ca.I)OS,o]l r os. U)o1n WiLiliiloca­

tional testing and )'calaIdaptatilon erphas­
zos the close wormking relationship) between 
IC ISAT atn( national pioLrams, with the 
tiltimate ari of rprovin(o the t (ifthe lairer 
In th( semi-arid tr)piCs 

Sov(iy:-1 ()f technology Iransfer In 1987 
irdicated hat st:01 CoO[erat lll ylelds IJSeftjl 
results. All Sc('SSf l!( Spubsec(, torleaS(S 
of pearl millet inr Indkia sirrce 1 ) corrmhine 

A field trip In Malang, Indonesia, during the Peanut Stripe VituLs Coordinators' Meeting held 
there in June 1987. ICRISA Thosted 14 workshops and consultants' meetingsdurng the year. 
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breedling lines frurin ICRIS,-AT and/ the 
national progroor 1)ririp 1987, CRAISAl s 
pearl mrillet hybrid JCMH -451 was widely 
grown if)Iics and variety IC 1) 820A was 
hing adopteud in) Mifiarasftifr stte. I ho 
eacfiot of train ify Iwwas (navyfarmers flu 

r ti;;l/Tifl\ irlihk?. fmrrirs rcorifirtii to 

ilturir A smtiry Lfi:)4. fprrvfi';L comli 
f/insi trl o;hivi tfiit 111 if~ oil 

f,: /ti~fi' s ilodj((jIftISA\ I 

ri it 

Iniiii~Iiiin~ili rnn rsiilnir fltl 

iriini iliitnd()L i( friL.il~ti 11f)H /I / 

lkiii! a 5 ti/50s f imiiijii i itsfeds (Int 

Antiipfio; oIf o ti(c I)nnoIoclqy 

Cxpai'( d(Ir/iriiafrC!/f di ic fiold f115l atid 
frmers f)LLiarije k >;iil iir( oif the twrlu 

fits of d5/LicK crii'41/ifiif ocoI owlatlolls 
wet b ll Idopti when ifley 

i f 
Li\L fL0P)fL OfK ( !,,;, 

rectii Ii !i(iijinitmi to prfovide 
i5'ar'bfe 

;m(;/rrrrit fiirhi i it11of ;ftudl( ~ tsi~ 

rill- iirfilris tvriviriricalll wvar­
rritr f flhdII~ S(ISHor IL protn~liuiJ/(L~jtrhiri 

red s fiinftrr f~i"; i/u/f~lfl isemrofi,'iiliL 


Ili lorii I(HISAT srciernits hoiL/L(I 

(Ii t)ryiaoilJ Acjnicilifiie stCll i to) niftritif 

irirn il~/(l iitio lhiv" rcsioari'ft ( irlo s(Ofiii 

C Ist(Lititii l ii llyw il imif, 15(It 
c(r/ps, witIh . ii i sIIIS01rIr­oiialorfgtrows f 

Scientists scoong for to//a! disease resistance Inragtimndnii field inNawalpur, Nepal, one of 
the countries for whfichryal work plans have tbeen ,e veloped. 
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Suoreying insect ,ncldence and damage in gfoundnut fields during a field trip in Thaland. 

Ari(j ropical environment, where water is the lighly than thc firewood 
r ,jLrhimitr,g factor, lhe shallow-rooting leu- Collaboration arid coopeiation with 
caena exploits te water which would other- rational prorams in Africa is increasing, as 
wise support the annual crop Introdtucing a empoa.sis shifts toward regional work out-
sha;Iow root barrier experjn entally between sine ino 'a - ht, SA[)CC ICRISAT sorghuim
th( teLecaena and the annual crops almost and millet iriir'(.'irHW I)e(rusrai with head­
completely remiioved the aiJverse eftects of gitirters InZir mi b., Is ir tru the Malawi 
corrpettion, but it reducel Jgrowth Of iiat!unai iprirgii iLih ruder see( of 
:e.icaeiia. sur (tilLs '1va i)) r -, l' releaset 

The irmplications of this exp(rire air tr i r I ll ce lV:r iutr-graiiliid
that ri the semi-arid tropics, a deeper- siii~niiiis aridtw,, ii Li unui 5 .ughLirii5, a-ll 
rooling tre - SuOh as At, iCIt i/hi i see iIiti:)(iJCj(:te j i) i sii \ ia roi- al. t). wlt tl 
also p.31 i would he riore srtit hle oii ,glof)- propliar, hi( fir,i eiifase 
restry tnri leuicaena. th:t i, itt( l . u S-r,..'ulario SmIllilll '', thuarld ruiiderte -iv 
shadfing o!(es- i:ot nc(;,.essrlty redci h- plkai athu, .in ilb )l ] fiihi dv lnceld 
,'ictd of annual crops. Many ICHISA -s [- iti /(j (rmiltplitl(d s.v -irali.-i inn i naril peatl
tlave ShOw t0i10 alue of fl(der :irl(J tlrr()lrt illt rlies orilrlgnlly rmtrs::ed by tie,he 
from trees gri. ,I as hiedgcrows w.'ith airiLial SADCC. ICFISA F tt ,l)onril irimamrir, and tvro 
(:r up. farmers usually va!lue_.. 0i tirefodder iOeW such lines nave been a-ppi oved lfor release to 
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A fatm frmly to Ethi/opu . whefe Wnhcopea sou vevs wete.carned out in cooperation with the 
f}'OfT1iO/ Oi)t]t( i/ 

oat~
Seworal such imlproved tp5511 tiriiIle! 
lines are also in advanced9-9slages of 0 oe, 
lease testhng in Boswana, Malawi. Tanzania. 
aior /rrbabwe 

Ii z2_iiibahvwe, the national prograrr used 
l( ,HISAT s simplified inlOctlation technique 
to) estadlish a sLJcL.sshiiI nuisery to screen 
H(r sorgh/um, nowrny rnildewv resistance. And 
Iwo itrodu~ctionsfounrd prornisio nuMozaiI-
bique were included in ihe national seed 
multiplication pro3graml 

The forage p)roqrarin i1 '-O:[ltlern Africa is 
>~t)a~ndirn(- hecoose intlerest froiri no()st of the9 

SADCC co:runtries ,s ionh trialIs and nr ore 
' s of forage SOrqfoin rid nii(]lot w~re;org]an-
ized. and seed ot o,.ler 1f~ 'ne(.s wvas 
ncreaseod t hie RAl)C( II FtISA I Irograrr 

has introdtc(f (3(J/'itetcon nudin;fg-:rtrm 


cereal .nrases {noJ ihmpii m',s-, forl seedo 

increase aiKi dribtLit(ir ar lth r(rqior 
In the fir St sea].',(r o.h,i :ollaborative 

opera tlorial- scale exlp(,rl ;10,, l A¢,ve~n 
INRAN lliilit rrahionrliliirt ori,. ¢:lies a! Iru 

N'hRi (tI~ IcnrillqLoo.s alLi ,t 1 : Ri11 
N Koani. suionh~svl- iri, toe iiatoiil pro 
grain annJ lb aidOA;,\ I anehiar, Cernter 
{lSCi1.SI,,:,il~l ti,,/-0;1'! iltiitl tcch­
nliqLio5 'e( :i iS 0>-1 4 i er iiI)iiV~d 
vari,o*il-. i ib leat irl4)101I l ,10,5). l 
crop systuni: 0 0 Lie ,o!iorial lirolijn for 
p~reo,'wiog( rid£l~(octrn, inlsH!onr'it.o 'A'e(iiic 
Re: slts, ftl l? Situ 11( 0 '- 5.' hOrt Po{:lt£115.-1 

inirovoe c.ropt ntor rt.n.ouryt tlrrrnont~ 
In response It slo INRAN toa1Itol storn 

assist n rmoiioririg] tol; spatial varrahily of 
raiinfall in! scietstls a.-tNer ISC evailuated 
the( type( of rain gauge: cetwork reederd af 
five principal INRAN res earch stations in 



production. Puaftcrpart tj((j i( tISA to 
collect data Or) C(LltiVatud 9rea, pirodu(lifur, 

aolopi oy.(:istairis, alnd riarketiricSWagroclir 
Of pig(orTlpea ii tFiii a, K ,irya, Malawi, 

-Tanz~arnia,and Zmrihahw( - hey also Lrged
\ -- " .{ Kcnpy ', O-[ i l(7 ," ft.h~t( wd ICRI-

IISA nlly l( I'fFdti(tj/\ Hr ii(, al ir )r; ove­

l.-;(;L1twi inlJi 'i 

A llt, wHl ,<-b ,'VIms Cu,-m(drin ih s' Moot­

ilia.'t it]dHIipe t a r ee gaa/T,I ir ii) ilw r inii( 
,Jurne ISuftl it o i(:uleerj thisI lit, qi i)om(alion on-rt 

vain. nl tjn,rJ r~id h , 'IN(; lo t slli. 
V, w ), , tn io fl ula d 11)(" 

s1~i .r Fi u ii i 'u F,\ 

h(w. oji ch 

o raiNior Anewor augs.as.osallct ( Q a HiSA~ fl'4 (i\(isIIur NisF.t<7I tl,''~i Uteri 

cooortin ANauom w ater IuncFhhFN tr 5. arC(Jtiftilt!it rS :-tltiW nor!ilf,' li i) i~l)~ 

sttns w re aistled B rgo rm Fr~t flllkur )iii/iiuk[ rirohJfll t l iix\tl 

usedto eneatcirrnthywathr sniuiai- [rto: a'ro] t! Sfastrl~h!i)t ot(2us) 

bewen c~ntst ndacordveop, is! ii oriuy whoeii)t.Hi> C lc i r -' ad(;itol/l <­
workscare foseedeA pmeoea s ertIRIS T iui r s'v ohbdOaoi 
meetg wa.eo orgarii by,,i4FATatfNa tT'iriruuis9.., *o'ut anirotfairead. 

roite enaistouco oeemVtsor Fil in slattur.:i s(i s';t 5''Oi K:.' ri h ir~l] alInd[(1ialatcuat llT ,;)st17i<oor{from rUF.I'tIS)A an'; i~]o~vt.'O~io ut 
Nr prg~nea(towuroramecunuosg y _R~'Tiir~A k oranwas y A allepcaceSa tod os Ail(rr llli . ,,.1j:, ct',,owlantrl( ,,I)ASC S alred(YY a:(: '. 1>0tl!rfao ol'.sI Uhl tfroseher nwke ad costAi availaleaty'ISATrodl e a a ollon a 00 l' 00m lid~Also [JtA t/lSLb",(iP f~li~ ­nt A~ 'h 'h fl, ,V~tel andgoS10!',s en iS19 T r1;/,sj 1h (m 

cc 
cussed hoe NRes~nstari. ' rcT aph-rand ofpsgenm wth ANlrw i ll a1t Bengotor rw - aspects icr ciidlflh,,)fO~u-)tk4Ia cihdt. 1 forfc(t.'''' : i J]prie)fit Cisf() 1 hoso 

it'l!f(; oiiiIc RIS ATlh d r 14os rl h o a d nl consul; - aspIoc o J l ,vtlit' ,2;,11tf(1( is 

iloacings and) wofl s~lpc a c o-sp ailie availabl atifICRISAcmsi 

bewe1ce tss0v lp n d ew Y ;b k w k y o y " n iiim i 



Ili Malar tli(? Consutlative (3roiip) on Among other tibu ciri doed, Ii 198/
Groudnu inett asenettotthe retiincjs wer e. soil, water,Vois ~i workshops andmf 


tird] fune sinice 198,1 1he rieeting enatledI a)nd (troarrm~aqeoirrnt inl the0 Smiiaio
 
5' ht~ilists thor tjiisinAfn( a to see plants in $;dlf oleii, g(Ji(Iiiuit rimo(Iiig, Veldisot
 
armores' heies 01i1t are aIf~f) by, tOw mianradernerdi l Africa, sonjhtm stemn hort
 

rosttduirce ct0 C e V on~qtii(to r>. i jfliitoxini cotinjitafinatiori of (1grud­
i'init ;i~ fw j~ inru O~oiuitt mil I ,whinnittinrjtteveiii eronriondra­

flitl PI' tiialn for 0tttn Alfw ! ;t ( 
 orv wt.(emch 
At~~~~~~~~~it~~~odo IitI jeim iitll cn s;tudfies. 

;iisi for unil nuts!t agreed- el1 
Iro 11 lwtttilt\' 

jifirt2 . i!I t~i\ri1t ImilfI'> , ()Iif'& ICHISA I .vill contlimi( to host and sponsor 
to ir ttt'ihtniij hilt; 'rlunth11V, fnnitelns aId \vthrk;lrofs witfi Its cotAlahonr 

5' 'll, Im nfunttIiltt~t~tinsiiri muitull )10(1rfnris-uhtt(r iruf11iter 
(m ii hwtiiS(dlfl tt 11( (mitvecIS l iiiil Il ii iii I ofq01 1 h W5 I t"hi,~ sr r si 

qV IOlvwvtO"ti (iewtl(f)Iog( 1ff(tiv ll Cglfll\'irti rilt i(I(Aoti id! fit~ (31t ingos
tuistiS llilq(Jililwl Siystrinils. h&; a :shoruj lyitt to! rtlr(iJtotraH~l reserch 

Farmers display their groundnut crop in Indonesia. 
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Responding to Requests
 
As part of ongoing collaboration with national pro-
grains in lhe semi-arid tropics. ICRISAT often 
responds to specific governmental requests. 

India is the Lurgest producer of aroundnut, the 
most important oilseed crop in the developing 
world. But despite the magnitude of its production, 
India is currently lacing a serious shortage of 
iiid('ge.IOLJS v.uetabU. oils, thu; mncu in a hugo 
import hill that must be paid in foiignr ciarr cy At 
the request of !nd a's vtislry tAmi iutti .ICr-
SAT hosted a workshol foir governrment, ficiats 
from iew Ministry and si,niaj' (.ronItid it-

producHIg states l;-ISAI ittOs aiid Ih 
governirent oflici. o(Jnprohlre .i ni;t(.,1Woriidt 
urontIT produci1ou, -; iim:,, UH fIl(o2Ld(05 toS 
lize an boost yikis. 


At CRISP-, lrtt,s
a pickage ufaqiccooc 
his oeen dusignoed that has rotJhily lChiev(d 
pod yields of .1-6 tha on the Institutes resuarc 
fields during the postrat y seasor, cotritlared with 
the farniers'avetage of 15 1/ha Workshop partic-
ipants agreed to demonstrate the ICRISAT pack-
age on government farms. and if n,cessary 
imodify the package for ocat groV.Ving cotiioris 
The demonstrations were -arred out at tvo Ioa-
tions ineach of the six stales, 

As a result of this w(orkshop. 35 agriculturail 
scientists from lhe Depalmients of Agriculture of 
the six states attended a short traliiJg Courso at 
ICRISAT Center on the transfet of grounirdriil pro-
duction tecmnology. -riose who attended wer to 
be responsible for the day-to-day supervison of 
demonstration plots in their states, su)ported by 
technical advice ffrot ICRISAT scientists 

An offshoot of these meetings with Indian olfi-
cials was the establishment of a new unit at CRI-
SAT. Legumes On-Farm Testing and Nason y 
Unit (LEGOFTEN). This moltid1scgliriary unit is 
working wilh Indian scientists to compare ilne 
methods that tlhe states, local farmers. ,-rid ICRI-
SAT use for growing legunies LEGOFTEN has 
thus faFconcenirated on rairy-season ground-
riut,but Itwill also conduct on-farm testing rf eiite 
material Of allthree legumes on ICRISAT s man-
date, identify ines for advanced trials, arid titn:-
tor all-India trials that conlain ICRISAT eguiUn 
materials. 

In response to a request from the Lab-to-Land 
Programme of the Indian Council of Agricultural 
Research tICAR), 25 agricultural scientists and 

extension officials from ICAH, Andfira Pradesh 
Agricultural University, and Ine Andhra Pradesh 
Slate Department of Agricutture ret with ICRI-
SAT scicntists to explor, vays to improve 
postrainy-season isotwir, groundniut prodUc­
lion i the state 

The one-day mieeliig was hld,after scientists 
had identified vt rOUs agronoiic praclices used 
by selected farmers, as weil as lheir problems. 
ICRISAT offered to supply inproved genetic 
ialerial, incloUting seed of ICGS II to (lemon-
St ';ultra-low voIlrne sprayers aind rhizobial 
inoculation techniqubes iii fai-ners fields, and to 
work with extOnsioti persomnnel on tiansfer of 
Iuprove techfiioljoge!s 

This year, OCRi AT distributed over 50000 
get rplasin samples to .scientsts outside the Insti­
In:to bct in addilion, ltiuisiurre to Botoa,,.na and 
Malivi 'Ihe eutire sormnurll g. rirplasiti ,olleced 
bv ICFiSAI gerrrlilasm botanists frm those 
courties. AlthoLKoh , tl of the origins-i germ­
lsir Co0lectd in those couniries was ,ilfearly 
left vlh Inerri at the ino of collection, the Inshtute 
'as isc&ed to O.able I) replenish tlieir gtim­
pias stockS fron th world collect i field intlhe 
gene bank at ICIIISAT Cenler 
In response to a tequcst fHiM the SADCC 

{SOLtirn African Development Coordination 
Conference) for more hel in solving grouridnut 
insect pesl prohlems in the region, an entorniolo­
gist from ICRISAT Center was based at the 
Regtonal Program in Malawi for the I986/87 sea­
son Tia entomologist surveyed tarmers fields 
for an indicatiot ofwhich insects were likely to 
cause pioblerns (duscr bed later inthis publica­
tion arid worked wilh national programs or 
,xnerimnts to oetertaine the effects of insect 
pests on gr:oLurmnuL yields. 

Durrig 1986, 87. 500 accessions of large­
seed, rl!ong-duration pigeonpeas were charac­
erized ifi collaboration w.i the National Dryland 

Farmting Research Cenle IN[)FRC), at the 
,equesl of tioe Kenyan government. Scientists 
identified 63 accessions at Kalumarit arid 51 at 
Koboko with desirable agronomic traits arid local 
adaptation. The breeders at NDFRC are evaluat­
ng the yield potential of these accessions in repli­
cared trials at many locations inKenya \,htle the 
agronomists have included several iris prodLIc­
ing high biomass in their 1987/88 trials 
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Smnveyng g(oundlut and pigeonpea fields in Tanzania was part of ICRISA7 s response to a 
; B rYt)t, the SADCC 

Sci'entsts ,no o;iC' lt al (/fh/Cia/s f'on six Indiai states attend a,short taining course 1t 
ICRISA 7 Kenic,. 1elating to the t,'ansfet of imptoved technology for groundnut production. 

.4 A'' 


'7' 

I 

13 



' 
. , (-. ,! i ,,- - , ._:... 


Plucking pods after harvest at Gaokapad, Andhra Pracesh. one of the locations in India 
where cooperative groundnut trals were carriec' out. 

A bunpet groundnu: hartvest neat Kurnool, Andhra Pradesh. Boosting yields through
Improved technology was the ult,,ate airn of trials in India jointly undertaken by state 
extens,'on staff and ICRISA 7 
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Overcoming Diseases
 

Every crop tffers ftom nt mbet of dib-
eases caused by ftung, bJc!eirc1. vroses. 
cool n(irnltoctJt s -.Hi o)r v.'hnh reoc, y;Oto ot 

.......... CcenLstsV scalch ftu 

natralSuoC H fUst'tislnco n ;helr gerii1-

Im di ind, t) I il ­p Ia-il ot (OttO li J]tI ScW 
'( t;)i w,-ry y. ,-s p t ,.f U wut:- o \v 

I() c'flllt, ' u - t t0to.nSart(nI;(oot' it, [t 
unI()l[ ti/ ,() lr]( t~ dtr ir]( it i iti l 

r ji ta 1,Fr tIf- muvA ttoIo feetibl(e 
xtt] ..tfl(cl'iitoi I l t,r(.i,llti 

Svoq)poms (-) downy m,/!d' disease I, pearl 
irollet. 

:.,,, ',: ~ 
.. ,-"" - -' 

retatl th jn does fiel 
can ,Jt),,v r-t!ionr) in the breeding 

Ing a screening, and 

prorcss 

U I't !t t. til' uj !(O0r ,ti(\aS Used irn 
Ih! to scfter inote- tha n ai million pe(artl
rttIIlOt Seo(-liQJs III the n ti io" se fer ress­

) toiovvty 
t - i (t I1i I)Ctif;Ill It ((1y0 . Zfta 1 C LJ­

t (ric mild .. Seedlings were 
d 1tn 

t(,jt!) t(t 16 hottlt 2! )' C oictnder 

to Cre"eto sOI (.hu \,Vihr,h the% " tie­
t ,"' tll1 :d0, sys;lett cI.,ni s downy, 

Mass labofaloiy scteoriing of pearl millet 
ines tot downy mti'ew ,'esislaoce. This 
techn,,qte vasily teduces land and labor 
resources that wcu/d be needed in field 

S SCiCeenil, 
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rrrlA' n-< later 

Tests s( tar iii cit Ia I na t tfere CjooOI 
core lation bbitf t . g(IfHhon rict 

nIIIde v., wasS 'aI. ...s ni I)I (ifly5I s I-1te5 

:(rrseryp 

':(;r ri~l' l! ] ~!l fltI,rhth ' t5;L~SrhIhti, [(t 

11as 

for o 

inhltr arl m rillt (5 .'i9 r' ti. ti At/lit( It, 
Srtrtlt E~(1 c wuller foitr' Iniotl 

rssta nce ther: at iNHAN (inlrsitiit 
N~iai rio Arof,()[ 1119005- dlide Rcherches 
Nti- sthoit Bongoso inl silithei Niqrr 

ISor hotkOIII gatio li'Ais.i'onl? for the fistlw -e 
oI fl.hh(:naste iassr,, presSnae hv F)rovidilI 
!n 1ich a nl u di ,) ns rift tiih F[ntit- o 

IV ni/\tr Iilatth at ad a wieanhr'n 

'I' .Iro itha~n ,eSS 1".o wnioh. pof thai 

'1 ;..rstan scepati'hii,'ITwelvev siec
 
Ntifs of t hervi1 speces. Peintstorn vtte,
 
t /JM .'sd B rk- na Faso, did nt
,.trOf l Mali 

Sl'ow eIssarl(ce S do,'ni.y niildew, in pot 
A riltet Variety Trott Fnrkidna Faso haid 

('suiient resistance Ii all five coordli-!-
A 'trc the West African downy i 
flowery was grown. ltilocatioral eart 
ihillt testing In India and West Afrca cleair ly 
h, oistrater differencys In) vuothle of tht 

downy m ildew pathogen acr oss loca tions iii 
hoth regions,le vry ianid theT0uriahogao 

firia. 


In research on1sorgjiniiiywi dow 
scientists have now idntifif eit thate .es 

Fuw 

Symptors of grain mold, the most important 
sw~ghuin disease wouldwide, Stable sources 
)htestance have been identified, andthese 
ne being used In breeding improved lines. 

Nere agin so nn vlh the addition ot the 
hackce oss I-- gow rationi ftor 18 of the Impti­
latrons. A single doinant non-e confers ins­
starIII in di osses ivolviig IS 26b while I 

confer teWsistance to rt ownVv ,986. QL 3' 1st'eh it appears tiiat at ltndst tworirldex li 1 
87 F. population. tin Mdulr crtiiossng 1tr ge bings usedj lnably irdi ifmrov hnes. 
downy trildew paistihet acrosrs ":rJtf ear'h ioter r( sistarrct 

rtheror 'A.ih o i,cO(t tit1 h)l us. Brateder 'ire LsiMg these resista nt soar-II) rift As 
screered ni India. In 198. 29 F. poptnatimes ces. partictilaly OL 3 (IS 18757) which has 
involvirrg right of tht-e sscoeptihbl partrits shown stable esistance int years of rulti­

16 



lltt10t1 (1to, 1( 2 pa OwNly 11il- West Africa All but six test uniities vvere re-I 
(10oWfesistf I finto ( t "vitli t)PIes ista, It 01 tOwthrow loratieni,
 

i *iiiai,~ tti i 1O !f"-w l -it'ofn ils, Wit 
(jriw If~~it, i tf515 teit O!lie wereC 

ItOitILxi 01so~t'iii;ii(,1rl v tOw ioustkt'nfin 986wdl t98/ In] 10111 eafs. 11Th 
i tiiu i fl~f [)(inw tfif iteIt e1) rittiw'; wet e resistant at five, 

(fj t I)' f'IVii 11-wsSt;Odst~m ititiS ,itiiws rs in 13 yonais nI lustifi, resist­

iitJ .t i i tlttiti 11 ius',~tl to ;IiatitI !mvi iw~ fil'nwiii lu "Iiji l stl tO-cJrain 

I I t 0 ii I I 51 f 1 !3 1c I' al loc~ntmIi ,hhi I iti"Iit>h(, iii 

1 1)8 )iltil' OXt ii ft a t ICRIS his10>5011 If 
I),)"] ~~~~trais o q~lll lol Ieltl it 5111atnlteoigt lfteciI 1Ieill~ 

1,1101(9ttia~~I'ti o: Itl iIl~li~Nlt 

Iml~crenn1k f%,! thi ea siblJovf o disease bea 

fo t tim at, ICSa t ICenter.Cnlfirs 

htCd S( [ t l.1 td [) Iifd IJ,; 0 11 

weeflandi 

7
 



1987 vito tho B. Panl University of Agricul­
ture and Technology, Pantnagar, Uttar Pra­
desh, in northern India, where early leaf spot 
is commonly severe. This initiative coincided 
wilh an unusually severe attalck of early leaf 
spot at ICFISi - Center during lh{, 198/ 
lainy se.a-;on, and only late aid lighl attacks 
by List and lo1t l(ea? spot. 

Ihus it w& tliue toa: uihll)e for the first 

extenslc, ly i;(:fot~n
gf{)I diilt q f'-ilf r 
an, hroeding liies for resistai;ice to earif,' oa] 
sot at ICHISAT Center Tiiirty six oe.rm­
plasm lines shovd esistance to ealrl" leaf 
spot. while 2:' inlorspcilic nybrids weie 

en~tifiet as havinic rl i C' to this (s 

(M3(?, dori el(t1t I tirfn also had significant 


st -I tI"f I I an(II d late leaf sn IIS ei1seases , 
t 1h W1, Cl(pies used as fiar;te. included 
/ ionini''i',i *. , 15 o/lsa, and'{hr1eiA 

( /J:- {f {J~i0(,', fto
' , [O a{ Sllotted 


,vr/t our) also,,.rln;;SWV) i n1tl have? 

Iwt uIitontiilOj for ti first 1111 . TSW IVis th(o
 

ICWIi~ Of hMO 2&r Iiseaser N, 
Witi o1,1 tO iw ' Soiril,' 0 iilrni 'a 

tlat sofii wI(ifiLiiIL t ,:crltvirs W, ii .us 

Ittr {ct to ips r ca ) v th tho ct('vecto r tho t [ 
ilus WSWV ial-, sevral high-In la(rarvi 
y i n} nnrio~plasiri artm o)reirli hies with 
rostiar :IL't IINf1h L i0 of ',.'tre 
,51(t1 for r'VV,o h; (l rV, nu tY 
shot),*,'ed(th "o.]p,

Oi~l ta l r '.,' flS lth diffor7" 

ndI il ,in)lrtti.-s Irf 'lit, I li. izilr patlho­
(in, , osioI'rl r f.ihr tli cated 1he exiSt­

rioce of phy.-iologqc races In Mul t itocational 
trials for vvilt soioefuisarLus reslsIltan1,ce, 
pigeonpea genotypes were resistant at one: 
location, but they were susceptible at other 
Iocaioiol To eslablish whether this variaton 
in the gcor,otypic reacti(:;n was due to physio-
logic races of F. odomr, the 7-day-old roots of 
27 pigconpea genotypes, raised in sterilized 
sand in a greenhouso, were dipped in thc 
spore suspension of the funcus and trans-
planted to pots containing sterilized sand 

,
 

' 

.
 
,o a 

.':
 

'
 

C_'oundnut lnes 
[esistant (left) 
and susceptible 
(iight) to the 
tomato spotted wilt virus, which causes the 
ta necrosls disease (inset shows 
svrmptomls) 

t; 


Based on the reaction of six of the 27 
genotypes used in the experiment, the six 
isolates were grouped into five different phy­
siologic races. The reactan 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 
isolates o[ I.tinnm are in progress. 

This work has important imp;ications for 
multilocational testing of i,,-peo .,ea for res­
istance to wilt. 

and Vertisol. Wilt incidence was recorded 90 Surveys conducted in India and Nepal 
days after transplanting. showed that alternaria blight is the most pre­



ti , 


V ;fls I I j ~ I sii 

1!1> Of) 11 It. 1V)RI ))f 

P 1' ' I,, i., )t:l ol i hi .. 

1 : 0Cfl r f ol iTon )i ).ii a L 

C0, '.cS1 VMS selc utoolo!hw- far) rI n il, 
,!icurm areas of kvo Inian stales 

, 

_. 

lielSI coneng lof' feSiStarC to slteil' 
,mosaic disease In fpgeonpea (belowd). A/ 
fight, the disease symptoms. 

'!w' 
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Combating Insects
 

An rIportant p irt of IC1iiS-;/\ 1 effiii to sta 
bilize agricultural pow(L(:Jtui Ii; inpr('ing the 
abliht of its mandlate crops to restjl irst s 
III .{, r th. f11 urt; t Oho) aly 1rx (t ir 

"I; r ;r; t l ;fti i i iif. r )i rliiy 

rnto,/aI.ft i i]fl t r v 

cll, i tal(lsor; l a t)i t)r ltlrfna l: 

'ru; iht arl(J other Stu'- - ,A rnr with
 

orecedung f(:t nattiral r,sLince ICH iA F
 
tllprrlasizes integrated pest nnaanne;t.


1,1cIIti nig( )OSI SUIfVOY/S:, ())ll lf lricrlo -, 

intt liological control, safer and mf( t! 
yit-fi lrnothod5~ of pe"t':l(le, appfhcl ii iIillcJllw 

irnnroved agroriomic pac('otc 
Irsect pests such as sh' '1\ stern borer, 

:-;rtiltln midCte, hond P ,riia h d cfaeI ­
)illiars all hnit yilu ,,-ct0 h ill. 01('i:h Isthe' 
tli rm.I irfritflporttan t ( ifeul l i !rt -iftf r rice. 
and vhu t (i11ra 1 VitI(S 011 taflnrms are lOw 

011()50)k ha alihaut ln. pot(ntialv~elu 
is over 5000 k(1tla i d os;es cf I TrP'o 

ri s~rctfiurrr~~ii it I itns tnon) ttn 

rh ()l,<-lt{ L',S~h,. I .S;()CliflOd VVlthiSs It at SH l(e,tssUcld fa1h kafIsLur!ar 

ride leat A rrsistwAu tv IS 185,1 
3hals tuerm idetifien, it P u F!S'<(tiii (ded(­hii t r meta~ tu 

ht hIlls iittfh Infest'-ationt. cotmplar(od 1 1 16­

i, l ?L crpt'blu 
S(1v11t![ ; ,S01jhhIill )t'. har(ly-ve? ,m/o vn 

pi, '', <-51 ( ntrol (JStt i 

Ii i ri' i ilct;k Phsi' r 

Diiri.'r I 0i55i)~,Ciati 5q%t la y taniw cle ;11iia-

i(r l ilaji(! ! inliil .o.ides
arnd 5'iiicia(),l i 

Ii l tl ( S r VtpeSsfifl, I(;HISti teiw O('r1 
sve neelorjontifed ,,lin 1()hoC.'cce Lbth 


it fly ar stern bwJrer true esre IS 

laP. InSt a(ri IS ch:i ' mr is an 
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Jt cage in efforts to study stem]sing j stem 

botmot damage Under induced Infestation. 
Severaoenotylpoes usith Iow susceptbilty to 

attack ,, thin inisctnave beer-, identified. 

example of brc;ingq anrd SCreening to cam-
P le ,SeIsta c I( 1 lJtJl) pests 1i) CsItiv-is 
that are higo' 1ielurling aria have other des. 
able agrmno)f I Iraits 

Usinit a no-c loice htea(ca e technique 
fur testhril. aceptable sorghum mnidqg 
i Canfru a'7li,'[ la)cresistance has been 



ri]hr r ;itr~ r(-{i , I,, 3:kt I : l I r rhr(!c [i~f~ i !
lSt'; \ fr t ',. iii,<-,,'". ' 

imI i iI pNI­

r( * i'~l()1) , 1(rlitih-. ii ';i i fi i) s "ri 
i It s f 1 Ii towI 

i '. ,i ili, 'l/i.h;i in/ l;sii millet Sam ­
h;"i- ter iif hrr la va ) (COiSrsIrne tune A calerpllarf, Spodoptora lithjratrs, feeding onlil! anur. screenig large podardl] It prClts (J OinUnotL, 

, of Iir,filetto Iiesfind resistant so Ir­
. f I, I I )II i ) t t e .I Ir ( I f I t ,(A (,X:I
o w t)] (X ~ ll? ({n ~ ~ ~~~/tc ~ ) / tf~ I lgii)h',Veverrecording exitholesgives the
 

u]'<tsqary ~recilsiorn fnr in%[
ris afscnreirrir
 
S'i'e , Osec
"bsrr 
 IIIin Iffl S m progqraii AnlotneraeplaS o acdvaritagcituaofs fthis tech

)t l iis i atollra eIi giionanigte IS that the sc- i ned nt rn­he (axa 

't~I Os~XOSi/hr/i 
en wig Irlxi( OJJn (.Xii no(),'l!nite {lii i t ern~as' at
 
., , iviiisanIir was rnrnhuured, largetthrtyOlaiiy unlii T/tr iioiining hv; ri.,
'OSrstarCeIrtinn( rsing af~~OIlcc(fhiratit Br'ur 


i~im5?rhcal tottv~
ofsmite resoii iin ; in 

3L\0( S il s.ii t I i ­tt iiiS rllt exam 
prciio foini ai iCsi ir tri t In (i 

ie'wefrw,iot ice rse ( , IS et tt1r s !' fvl o-f lit Ill ,s)itp mc' imingf WY'.1 )t&I'( th-'ll l ie ,esrstVh 
s()f hrIhse nles 0lh io 1itt " flir ( lidseill,-f( 

r itS) o - 'Ol tiS)fWIl-IS( :';I Ii(Th t i:,, ~ ,I ~~if(lI lt t"1 u llf~vtfs /{<( l'.,. 
5 i Is'iltj l I( t" lilI 1 1t~ 

o 
t ' fftl( itec1lct ins 

S. <'VINt io'i(:aI(' l I I CtisihvnIi o f lt Iv t If'-:.' :,,] l' () tf ,,t TI I ) ri ll.. >tr 0ot i ? , li ,I f(hflU II ( " f I ..1 I( M.-,
'I 6110) ( ;"\h ti l T ::inm. Iowellhl ciht 

i)Ot sits~tlti ii). i;,ii cJ ar~iage.() Whi te 

clrst),,,;;;t, l firlll o i(ll ) ffJ dilt ak W 

Sil)s e l 'l,'t~ .C"Irilba(L'10 bel es(]-) W(fe the 
1)(1 sI fI';;(~Itl ll or, coo)nr!(,w. So)Il InISeCI 
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M.~ 

wcfnn; fof -.sistanr' t!eof 'inei itn grosndnot: resistant line can be seen at left, and 

1 11A'OwniO jartictilatly IItO0JMroS M _ro because there is little else left for them to 
PiflA'~). ',hfre lhey had damiaged ll-e roots (if eat. 

rari he planrits sampled.I M'd'/c- Kiiring sonme ant species with insecticides 
0-O!'0'> Arir t1"r i j u ridant iw sOtithurnL can increase tOlii;ite attacks. 

aro :0/ is;, iii Hots 0 (;t,- @ The amount of damace caused by soil 
''-I1t ror flItd 1:U (icatod iat insecl s is related to the intensity of colti­
ol' . ll .i 5q() o vation. Insect damage was less of a proh­

):'r~ I5..-; kiln i wi1rd ;i nmr lern in fields coming oul of fahv, and n 
fk ;atox~r; t ' 1:i; 0 - shiltriig agricUltIrO than in tMe Viioslvc. 

nfl ;it41 '\!)yi)( nas .igrIcLIltUral scene o1 cenral Ma,,, ofla 
Some i:;(f Or: (.fljsevr,,inri% : ,, oni tie Ziiibabwe communal lands 

l til ./0y, 'i i ho)(I t;!(-ftl to cI;Jt * Soil insects are of wvideiy diverse sped;,,. 
I ~i- 1(i): etrtTspecialy th( white gtJubs anrd torwilltes 

* S 1oilrsoc!S . ; ( 1.,,l a mia/ l corl­
strain t0i grorldrltl produr"ion ii south- In another stp in ICRISATs (.orntiuiilrit 
er Africa research Oil lell l iths,sci ntists hove SoC ­

* Termites iMciw';item spp) attack CttSSftlly incorpuoratl Ioieiance:"resnstarcu. 
goundiiul platls during a drought to this insect pe.st In (1io int -11-doration 
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I 

7lw: pigeonpea line, ICPL 87089, is one of the two medium-duration lines identilied that 
Qito,,.vudresistanceto the poo borel, Heliothis armigera, a devastating insect on both chickpea 
;m! nmmqeonpen 

prgeonpea Two resistant lines, ICP[. 87088 
and ICPL 87089, showed significantly higher 
yield and less pod borer damage than a con-
lto0 CLillivar under pesticide-free condition.s 

Li rrva of lhe pod borer, Helothi; mioie, 
a.,peoa to be developing resistance to toe 
commonly ised Insecticides in southern 
India rhis emphasizes the valie and 
ureflncy of screeinq and breedinr!I telst 
onc.-resistant chickpeas and pipeo.p(. as 
Cooperation with the Oversea; Develop 
ment Natural Instinitu. IRe;sime< UK,,loa 
revealed considerable dis)?fsal poterla III 
!-tiy,+smloths-; --they can travetl uip 1O 90 kmi 
in a single right - he pheroIrr one trap rietl-
work also incra soil tircerstandi o of the 

population fluctuahions across the sub­
continent 

The results from Ilntern,tioral Chickpea 
Ilelothis Hesistlance Ni oseries we;re encoo ­
mr c;, and fu-thwr progress was nade in the 

selectin )t fcickpeas that coinfhimod resi'.!­
000 ,'t0lmjimch0 tfusafiL wilt Collahoand 
mltivo 5:iidJes With !he Ma-x Planck Institute 
I, l ;rmlleinrlty at MLInlCh identified fou 
vo'!alii, ulwilof' In seeds of susceptible 
cJr,1C-hI m,0llrvar-; that atlracted t-tellothIs 

and on- layin moths. This develop­
ireritl may Increise )(cross in tteotlils 
ia loqiniret by allowinq scientists to 
scten fol the plesence of these chemicals 
in searchiorin lor /ieItolhus-resistarlt cultivars. 
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Enduring Physical Stresses
 

Physical stresses suchi Is r qh sol mid wt easrc ;, thitt (.an miligatel he stresses. 
temperatures, p.e' , .aulS! nrc,;.<lrnr. I hev 7 krth;n o idenlify practices, crops, and 
soil, and nighl, aria' tmira II. ad'ers;cly lyfpes adted 1ttterItendte the 
dfi;(Cl ('lc) i O t:l';r, IC 1,A,I sc;ionfil st hairsll ett)Iv I I-iiiitl l. ot the seli. 
t)irl on)hh atioial )CI 'nan t()[fli ui l III 

"1,1" iUehavior sider h' c teoi betir' ,i reiIi t t utail iillretylintesm 

,Old Ch1iIS( oS li s Sas ll asb ( ofypc tJ tit t(lfletvo toito l' l itj lksrival 
if ticr/is aifllg t si) as to d(est[Ign under(iglHi Wohlem vo It htoriioce 

Dofferences were o)set ved in botth sorghum (seen below) and pearl millet lines for their ability 
to emerge through ciusted soit Scientists are now studyirg the mechanism of such emer­
gence in further efforts at crop rmorovemont. 

NI-11 

r r ,Ai 

J\U 

-' ' f/' r f 
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''oec-ong ro' drought toleance inpigeonpea using a Ine-sou! ce sprinklet to create graded 
I S, 

Of seed qualhty tc, seedling survival is beinq (,fit tlal or years. It tue icri iinhefof seedlings 
investigated further. Seedlings survive( bet that emerged through the cnisl was 60% or 
ter under a combination of high soil bernpera more of those eoriergqil irthe cttJ (whor, 
lures (more than 60"C at the su -murface the crust was mechanically hroker;), then the 
and adequate seedbed moisture, than they cultivar was consinjered for selection as a 
did under a combination of dry seed'bed and cmust-tolerart genotype 
high soil terrperatures, or on a dry seedbed ICRISAT ph ysiologists nov,,screen for this 

In work at ICRISAT Center, cereals character only when bieder's reqiest eva 
researchers found that the ability of some luation of their inaterial, [)tit'hwyare alo 
seedlings to emerge through a soil crust that trying to define the rnechanism ofof Tit 
inhibited emergence of other seedlings may gone throuh the soil c:ist 
he conetically controlled ho other pearl irillet researur snvr i fis 

Beginrning in 1981, a large number of hybrids yielded well *irirl1iat; r,,k rim! 
iraterials was identified by using the same minal drought Thes) rjybrsis wet; il"i( 
technique year after year The emergence with pollinators selectod injni dinil it ,con 
trait was identified in both sorghum arid peari ditions or tenir-f, ,atI var lwith early fIlir 
millet where the sarne materials were grown ties, and with very ear!k cih. S;Io'-i(, lino,> 
from seeds produced in ifferent seasons, or such as ICMA 2 /81,A cm i Iils 
when the saie seed l(-,t approach atteror l; h com hine two traitswas grown in differ-
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J. o i . 
/ "T1 ::_ "A 

S':,!/};theL
fc'sp)ofse ova,Imleornpen9wlJtt)</:t Atylosia 'A an~ S, to 
t


,',H,',",'11({t) - ef)/ l/'vi?"( S .i,"Jnatv-I,,,,
l t.[hlvh/U- ex tr o ,ht) 01,,/, 

,jflotjs levo/s of soli 

n()l etff:sp,imlse tcut 

f~'(//))f " nl,anc't}I;, ,", ,'e/ti a(l al 'Fce ,;'to 

Nowii)., A lm(droughtftIrw mrak t~:t?hrl 

d"i(ldC'H ( Ill:ranlce to drou1.ght f1r11) thf-
!h] i iw, m~av help breedt) (co m:)ira nlon 

' lim:d. clormitioly unrderhi are stilporior 
,,lt
:)n(ltm)-s 


'.,,rfIWypW.: differences in inolsture-
f,'tn,ri ( of chickpea and pigeonpea were_ 
ii:;o c. ud in w ork at ]C R IS/AT C enter. Inonfrr 

ii'.kp(a. bo inass and seed yield et all cen 
olyp( .s mut affected by disease, growni- over 

t,:,u>on:,ii'creased ,))early with soil 
";- tfo .­t jl a 1,: e!where trC' sLIrface(- soi 

.'.,:> at capacityiitainod o.ftiea: feld 
,;,,r~~u)'"' vi*ia)wide range of soil oots-
l hea.,vels fu~thor simplhfies research , 

m - itctValdat,;s the u eof lost two reels-
-
mfJ(,le:vels (w th a-i1w ilhot irrigation) ­

, f usig the Ir,-sorce irfigatin 

ut/a e ptlqeofpei;i
 

system-to compare chi)ckpea genotypc.­
for drou~ght response. 

A m)ajor problem Of vi)O ,SIy !r)., ! 
chickpo:a crops is excessive produciior W, 
vegetative biomass. In areas where mont~ 
hleperattires fall helow 8 C during ilo,,tl 
ing. such.fas in)northern India, pods oftieq fiui' 
to set, Failtre to set pods also (MC OLJ,i(!t" 
exressv e v egetatve growth, reSljiui( W, 
a low hiarv'est index Rosoarc('hTr, ilav 
nowcreated 12 .el(i'populahions of !o)leian)l 
material that bev insto flower an(! sot pod.'­
olurul the colde:st pat of thoy e(ar Preohini 
rnafy data suggest lhati t 1s possghh; 1(' 
ncrJeaso yield by acdva r ino.flow c~fn g.im o 
po u'sel ,ino thc heeler irlotiths. Tlhese (erie­
types produced a greater prolorliOt of s ee;(I
m their iomaSS 
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ShI(ou-titlli ).t)euIlpe;i (imn l~it iltor 
lflitt(tflL i(lt 51i S. ; ti iIh 'irriy soil 

[)trill t 
r)otl(ititiltiori f.;iioty r civwl(.it !(Jr 

D(lr III(';ii )o1 'lnrny l L3() 

;ir(: 

lif l o in!ffl( litt i , cfr ­
,lt"I i ' r rinit m ~w at'.1)llnrantini i ; vt(s 

r I < '. tr, j)r,sli . ci fii1) tvf 

.111htri)r r t:itru ,, Ih fr uuri ',, .~I vq,i( i[fI ~ 1)(4h '. n ,t: t ~ ~~ f{l(l-t!; , t fl fllt 

l~ I~~(vl: thhitl ml~fw.r uririt ; [ l,, 
1 t it t tiSlS fbl rlt 

. I7,;[~~CMt~ld~ bo uls(.'l),(! k 

l)Lti rlor oti dfour 
t t~ l t ~l t f ~c ?t 

Y'ield poI(.,rfIIal of e-xifil shcil ditim;ll(i1 
tiltr ea genotypos wa s e.vit[dhII( r III II 

t lnr1sular India Url(.r rainfeii coitditi(on IIIn 
,,I soaso with less than a.verlge faiuihal 
v'ehjs of II) to 1 6 t. ha were obtained withri 
) days. Such shorl-duration ctUltIvafs woiId 
be valtable in environments with a short 
fainy season 

,-l. ;Cmnt 
lftr -t( ti lt:,(ik 

r; l ~ tl{f) 

\ -tiyfe(I(,'15litislt i 

In si)i areai s Whrei) plqeolpc a is grown, 
Isi sIr/.J tISl lirnity liIllts )rodLICio i Of 

tt11lhis i i30 tOlril fmliiltio)proi se ciol). In an 
aItltripl lo hli sii()c;w(s of irll)[oved sallnily 
t l r c ; iii t)ivl.(tcll1.a I5 wild relatives 
\ Ji liwn ii II 1(d ctltlre wilh differert salt 

fu ,hich iocIt(lf;j t nilf ollr; (:IlanaIs 

ot Ow ild spetI J)(J'if lty­(S, ir ilt tiiIr.irlilp
";If)< s;n' possetss c()nsideta­nd i} /I 

i )1 i lli 
Iihv tlledn i r li t
 
A, ,-tll tjef(;(j t'i, 


No- litl;fi'1t i i 

! J ityo[ f i i 
r: )fI v tol d(by Ik( t i rn 

dilly:; (iheal tf 

Illsi otters lefo 1eglll to pfoff-iiseise t'oI'isr 

,'os lr/lq p]fto hlif- t o 

iII (tirt fiuritilhils beer 
.s c Io n l i s t' . uis i t i~q d og fe o 

il!ead o.f sliJeolivo 
IIf IIitY7I f a Its - 11ig dIalt of ha ­tot (it)of 1 ln. 

v( sl CfJuf)J ; ,Jf i)'1 in the railfy s zs(ic take 
Jiluitel to) Jlt I,1. 0 Wslorll halv(esltities are 
deterlu riried by thirrltla dala rather than by 
a:alndr. colnrparison befween harvest data 

collected In the fairy and postrainy seasons 
is Iore precise. 

Managing Resources
 

The farmers of the semr-arid tropics face 
nany hazards low and Unpredictable rain-

fall leniperatires exceedinq 4OC0 . infertile 
soils, and in the Sahnel, fierce sandstorms. 
Sor in ) constraints can be oveicome 
by good Ilanagel wnich is the key to 
exploiting the tii ti(d tesouces of the SAT in 
ways which are both efficiert and sustaina-
Noi ICRISA scientists, working iii India and 
Niger, seek to find better system.s of man 
agement wi icn will increase the productivity 
and incorie of fair') households. 

-Ehe Sareluan cointries of West Africa 
have receIntly suffered from extreme 

drougfts and persistent crop failures, while 
ir India, there is a widespread belief that 
rainfall is becoming more variable. As part of 
a study to evaluale changes in rainfall varia­
brlity in India and the Sahel, long-term 
records for two typical tocations, Niamey in 
Niger and Hyderabad in India, were analyzed 
for evidence of recent changes. 

The analysis of 87 years of rainfall data a, 
Hydeabad showed no significant trend, and 
the rainfall in a gien year was not related to 
that of the prececing or following year. 

At Niarnev, annual rainfall was less than 
the average in 40 of the years from 1905 to 
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Year
Annual rainfall for 1950-1987 at Hyderabad, India, and Niamey, Niger. This periodformd part of the 87-year study of rainfall data. 

300d a n e pag i , Mlo zn80g t mhene63 
1981'. V,'ith a high tWqe ncv,' of dry years
during the last two decades F-or example, it, 
only ,: t the last 17 y .ats vas tho recorded 

a n n ual ra in fa ll ,drt.,iit(!r Iria n ! ili 
 .1fJ~g -te .'rrn 

,' nA.:an rainfall irn dl y(!ars atier 19 79 
b low th e m elta n S i ) u J o .( 

e/ s 
t ( d ; ne ­

rainfall less than 75% of !ih( mTean) has 
occimrred n ;) of the last 10 yeas. Thin 
d clinL'has sholtned thel .(oowingseason In 

ar na- y m rg ~ l : o o r ~ h s zi g HoZ-CoAnpared ith Hyderabad,9ia8tdehasfor. s 
need for sh rt-duration cultiatsin the Sahel.

a,(rces cons.cutiver yoyraifwiuri bhlow-ast rage rainfall 
y 

ano relh fewerwel' years ilerspersed asrong the dryaars a-fhasdrought periots are longer in theSahel nonth a oagrrculur Ural conse-
qUeces are more severe than hose in the 

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

At !h e IC131S AT S a he la n C e n te r (IS C ), a 
num ior of m anage ,rient approaches are 
b o .ing e v a lua te d In a in e d iu rn -te rrni s o il m an ­
agment expenment, scientists assessed 
010 Oi (ects Of culJhIationl methods and crop
rot ation on yields, During the 1987 rainy sea­

( n a pe a r ; m i l le t c op b en e fi t ed s u bs ta n -
lially fron-icowpas, the residual effectarticularly in of purecombination
tillage. Average with 

pearl millet grain yieldincreased from 542 to 733 kg/ha on culti­vated plots. Also, under 430 em rainall,tour ICRISAT groundnut CUltivars gaveyields of 152 to 260 kg/ha when inter­cropped with millet, and 405 to 450 kg/ha 

1990 
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I VI 

In agloiorestry studIes---ongoing in both India and West A frica-- Fardher:)ia aIbida (previously 
,
rouvr
nas Acacia albida) has been found quite promising, with its sp,'eading habit. In this field, 

Me tree/s rown ailong side crops of cstcr (foreground) and sorghum (background). 

when grown ;-)sa sole crop. 
An INRAN/ ICRISAT col aborative opera 


tlonal-scale exinr rnimentat Birni NKonni 

,'igerhoganit 987 to study irnrprredclII-

,ltichrtii ;n. i was a sevcrt., tes t The tirst 
r tiing rain ooirun a veeks 1rite ir>I ijp t 

hirvest only 2.() rin] of 1rain \i)lyalll Ai 
rrcreas(t -! .rit r:Iretl~v vIZj "11,11n -lrwar 

y~i UVT'er tue} rraadiliornal ay, mi rlhi;-t r/ J 
cowvpea mixed cropping Sowing err ridclS 

and nrecharrized em-'rig.ecterinterrv/ vsig 
arirnal traction, additi raly irr;ctased Js 

of millet grain, sev'r[, arid c.rwpea fay, hot 
redUced cowpea gain ch:r rizatiin%,l,; 

redlced tiriiu spent of) !fie frst v eudirl( by 
42% ard on the second hy 37% 

Scientists at 1SC also evaluated the 

response of 10 groundnut cultivars sown on 
an Aliisol at Bergon in southern Niger to 
threedrtferentlaudrarragerenttreatmnts: 
iat broadbed-ard-firrow (BBI. and tied 
i(Jes The BBF a!nd i,:ed-ridge treatments 
r 1 nioher llt Sowings.301h !Iave yields thanf 

ii urN there is growing !nterest in off­or. 
,etsdrr (/(5 to augrment rairty-season 

,ir-Sc tlsls nave been evaluating the 
,wtId1Wia1 l extendirg cowpea into firs 

vwn the pressure froim aphins is 
Oie ist."t i)rfre/lower thari in the rainyinie r 

tason Inprtelir'n,,ry trials. I tofgr.in and2 
t of hay w reoobta,_cd with either no protec­
ion or very liritucd prolection from insect 
pests. This is an important finding because 
insectrcides are scarce inthe regrcn and 
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1e11 , rlwt 

, Ile, 7er'T 
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k- ~ 4­

rP~e,nfwl plqeonpea, grovwn here as w, alley ctop with sunt/owe;. is being studied fot its 
/111a1nange of cor D lg avstem i fgoroesti,~ncbidlng Its foolenial if)O§ 

far mers ujs;;aily cannot afford them. saothes hamnato yieldeci 2.5 t."'ha of fodder in 
Nurrierous cowpea breeding lines were 1987 and 5.3 t/ ha in 1986. A cultivar from7

evaluated at ISC, both as sole crops and as CIAT yielded more than the others. 
intt.rcrops Leaf diseases, such as bacterial 101dt7erbla albida (prmviously known as 
bli,]ht and Mactophootrn, appeared on Acacia alblda) is a large spi eading tree that 
larJe firinhers of plants. Scientists identified farmers often leave in crpped fields t(s role 
12 ,,iuivars that have the ability to stay green in agroforestry systems of the Saih I is ,.,ell 
inti tm-e harvest oi pods, an important char- documented. Two striles t)cglari11 1t)8/' to 
a,:teristic for dual-purpose (grain , fodder) collect and improve the tree f)r iipruforcsiry 

pas, plantings. The first involverd monthly \ ,sits to 
Incowpea yield nurseries, 10 cultivars 120 trees to deterrnirm e varatiof In fl.shin.C, 

gave grain yields of 0 70-0.95 t/ha, even flower produiction, an leaf drop Most 're.os 
hougoh :here was no rain from flowering to followed the charactuerslh,: pattein f losing
malu tiy, temperatures were very high, arid leaves dLJrirlo the(i , i otlh of ie ra y
the crop received no supplemental irrigation, season, but there was a siide, p.otentiaHy

Among forage legumes "reened for exploitable, variation in this tiait In a second 
itercropping at ISC. the perennial Style- study, seed collected frorri -19 mother trees 
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productionL by pigiorqwia averaged 20-24 
- ha colipred( h)lioily 0 9 1 ha by leu­
caena Addilionai aovantaye<fiperennial 

; piq&uiine opd ai1d fodderI.pdc­i' 

jjti,-
" u. rrli ar ulrhid c(mip(l[ thtrilmn v.'th il.icrops. In 
SIII 

A4 

1 TW 4-

a o148espon n7e'i ", 490id' tl,IP Aft'}olii/Clu 


k: 


i . .:,:',: : " 


Sorighumt espondn
s spectacularly to phos-
i)lioms (~zCR] o fpieviOtis'lvnorltelttl-n 


uch ie Intheinitfvearia isthe conto 
te, alsent, t o Odedbe lp ospiOftS. 

.01,- SouIh)rota lticaeo perioreW wvlh 
0-11 i-tsre plols iv 6 months.gias there 
fmlimch mol(Jevaratiorn w ithin the fa rniles than 

lnetiiee therr indvidua! trees snowecd 
imapressve variation inform and early growth 

rle traits that could be exploited a: 

Improved genetically Vegetative ,opaga-
woallw 
32n 1hrough root cutting, of stiperlor undiid-

tIllp la nts c o u ld g ive ra pid g a it1 

IIIoh r agroforestry research, co ndU ted 
t ICRISAT Center, three perennlial pigeon-

1),a varieties yielded far more tU-n Leu-
e ltucocephala. In 18 Months, wood 

, amfthy croopiuib thuc-ena andof 


,,',r iv;tfir,tohe ,viable,l ecacise 
ht s lfT -)l)t1 1)(lrilh tll ti ) I 0A)S MvO.sture 
fo i- tht flt C it) iflOwt thel/r han~d. 

p Ik)s lt t,'forf Ow(tVxf, i)f o~poleIroiiw~ll t ed 

1 um towshd y 1 l;r(13 ) S of 
Oilt'[fl(J;.silm j dJ lrlm tlm ,<i f()tdd.t .1fid. its 

,H iny ,!-:llI)thi 8i litl ; e AT Coi -

I'rl,to apllpli-rl iil Il nroviously 
IfI t IIIi It?" Veels l 

lilly t110501. 

I fld 
wl oi ldC t 

l 

O( R~11'1! Ct C1)150t 

bitha vo IoV hovel of 

1 hs w h thettat 
l ll j:' ) harIrI hv 

ia1 ,11 'e IdbIhi I I!i) a I,il', on if >rtllzef~ III1 h1t1l1,?rs 005iilii(Ori ih ;iedavaIya1,h; PvhesShiifiV hi~his Itld]lc~ttc yield~ 

eittsee reslh r ,ind ol I 'I , lld ('l­

[ rth e h ld W )~ ( fk ; oltSt I jdl(,I ItttJit( 

rlil't
p ,f to r o ;te ath ai,;itlhe.l­
, 7 This Inidcates ii scr(pl I(j I;il)io()Vt 

a;e o'the chickpeaoexrat deuate ',i[os, 
Oil tienOiet hand, ly smfll ier)ji , t;i ()f 
gpel Severely hlndr,; n yryihim tarnal 'll­
wrent. Amlonlg /ailoijS cirop[.! .;!tiw, 

chic pea had he grtiet1(saility th r.'hit beuse 
pi of the toot Zone illis ln ,xp rl h;ability of chickpea to e ),tfacl a deoqt:llo fhos­

tootps eom alkaline soils witltirlaenily
 
low levels of availa ble rhgriahoms
 

i Tue owth habitflong dilali'n,l)igeo ; 
pea ha litmnhhvec, ol itspelitnofrc 1
 

an inteicrop with mille! h(eo;-ItJS0 the .lo()wth

r [,,i v e;s , ..r tlo h h 

to com pentsateoC t a y co mpctiti,-r[1 (Goe­
types of p~igeonu.ea suitable for growing as a 
iixture with black gram (VI(Imi mn(P))In 

bero d lifte t o f rinill et,i I l 

rice fallows have also been Idetifhied. 
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Village Studies in West Africa
 

f .Z it.)<',,,^l\1(, o-e,r I ,rr 	tf-; fT 0;r 
€,< _: 'r-; I t ,e:, a¢-i' ,JllII'l'l :,ll if,- Ici -(, 


N iJOr JIh-'h, ll- ltt;tiT 
[.ev,tTlOllitt!',, ( I l(;)rndti(:t-xJ Y(r 1() ' l 

,, cMl s- tt 1 
q i i](ti1O,.Clua I)( 

-
filclohr51(d hth'-vitu Il eSp)orisia-; s 
,' lt'f '',l decJ((lSjl fI' il]l ' l t1 hll 

l f(5tt tss III i/Oct;('hriOl(, t)It X 5 sSI , 

bo (jscsj ,l }ItJ~fs vlii Io y) rtlmrit resc lfac 
(8 iIls it t(1(h1t r c( 'i " flchari ,;t)f 
x)tlIc'c re r I oesj to )r I a, fia r (rncrease 

Si-d st/i)/li'. apiri'; til )rdir,.2ionI 
1wo(aspects sir( o!oa h reported 

Ahy animirial Irchoni has beear a( opted so 
siowly and U.everlly across different sbre-
qionls of West Africa, andctstrateqiers that 

i. tJ. o iitrfl hoseJ con­f ett It;1 hold 
S ~ li~lt~ d imfl( U hlPJf~it flukt'tJ(irm 

Adoption of Animal Traction 
1"[ 	 lih t it Ito v IIC 'f'lllledf ('Xitw lm tl lfra t ionl!) 

/15 1)0 / I iiI the)West 

Alic; S,*'".i hais orig pu/thl(d citadvtlopilleill 
tfircis ,t researchersa l-ractio)i systeri­

are employeCj on lOSS liiln 15%Iof the cltit­
vaterd area sown inithe re!Onf dIst )L/I l, 
atnd private efforts to promote adtiJ)!()1 
spL-ming more than halt a century 

ICRISAT researchers collaborated with 
SAFGRAD (Semi-Arid Food Grains Re-

ICRISA T's village studies ,n West Africa have traced some reasons for slow adoption of 
traction technology by farmers. 

-fj4. 

- . - . . ,. 	 .
 

33 



search and Development) in analyzing pro-
duction for 1981 and 1982 recorded in 
Village-Level Studies inBurkina Faso. These 
data were from four ICRISAT study villages 
in the Sahelian and Northern Guinean zones, 
and iwo villages representing the Sudanian 

''zonemonitoredby theSAFGRAD program 
The researchers found that particular 

components of draft animal tillage systems 
can be used profitably,-but only under spe-
citic conditions that permithigh utilization of 
animals and equipment. Oxen-drawn plows 
can substantially increase yields in farmers' 
fields, primarily in the Northern Guirdpan 
zone where the preparatory rainfall pei'od is 
long enough to permit land preparation with-
out significant delays in sowing. Heavier 
soils and crops that respond well to plowing 
-- such as maize, groundnuts, and cotton-
also helped adoption of rnechanized plowing 
by farmers in that zone. 

Even in this favorable environment, the 
increased yield from plowing was generally 
too small to make adoption profitable unless 
farm size was expanded. Because labor for 
weeding restricts farm size, mechanized 
weeding to save labor had to accompany 
plowing where surplus land was available for 
expansion. 

The analysis indicated that in each village 
the marginal rate of technical substitution 
between draft animal power and human 
labor exceeded five. This means that even 
with three persons required to guide a team 
of oxen-a practice common in the region-
human, labor is substantially more produc-
live when working with draft animals than 
with traditional practices. 

In all study sites, the analysis suggests 
that the maximum benefits cannot be real-
ized until 6 to 8 years after adoption. Before 
this point, early adopters who bought ani-
mals and equipment on credit faced cash-
flow imb3lances. When their debts were 
compounded by unfavorable weather and 
poor harvests, many asset-poor adopters 
lost money, equipmentl'and animals, 

Animal traction systems display important 
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economies of size. A linear programming 
model of a small farm was constructed to 
trace )he effects of equipment package,farm 
size, restricted access to land, and limited 
utilization of draft animals on profitability Ox­
plow adoption alone was-not profitable, 
because-themodel predicted areano 

expansion and use of a draft team for only 60
 
hours during the growing season. With the
 
adoption of both plowing and weeding equip.
 
ment, gross farm income increased by 60­
70% over manual tillage, and annual
 
equipment use was estimated to increase to
 
more than 400 hours. 

When the number of family workers in the
 
model was altered, farm revenues were posi­
tively associated with family size. Small
 
farms are at a disadvantage: the labor
 
required to maintain the draft animals'
 
demands a larger share of their limited
 
supply, and the small area, which can be
 
sown manually, limits use of the draft ani­
mals for both weeding and plowing.
 

The model also predicted that initial
 
investment in the full oxen package was not
 
recovered until the 5th year, when full ben­
efits were also realized. 

The results of this study carry important 
implications for mechanization policy. Equip­
ment packages should be designed and 
directed only to areas where rainfall patt­
erns, soil types, and land availability permit 
high and profitable utilization of each rele­
yant component. Targeting within those 
areas to larger and better-endowed farmers 
would make adoption even more successful, 
Poor targeting underlies many past failures. 

Such a policy would favor already privi- ,: 
leged producers, but efforts to promote 
adoption among farmers in marginal areas 
and among those who lack the resources 
needed to complement and fully utilize the 
equipment and animals, will only burden 
them with untenable investments and finan­
cial loss. Such unsuccessful adoption of 
traction systems among very poor farmers 
would thus be even more damaging than 
extension favoring the better endowed. 
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pr ICe s II,;>( '1 o-I f co ec aacIi, Iit IIvoI v !I c( , Itl II,'II oIiy frIt ) ItIf : I i3ksO . i t a 
by p)o()rw r i)(,((s (r s '.vithi I'1flaI (,.21)IfIo yl II, IIIr i , il v( l

I he( V~,! jmillt I fJ pr(,tld s ')I (,-/ulvt~d to feplil f(,(t mWllir(:O rfolo lotJcorll 
;ar!flltU~dJ)iJ ,viroaraly:_'c lto dtt- ml ly play(d hy anil In .ctr/ wtl!H (',d,'­

rt ,'' Shctart, ihat l ,is.13 sinififCaritly (lif is Stludy has sf v'3.r l !f)picaIImn l' list 
IIs IfI I.N( It' (Oui( !heor lit, SidSi ( 0 . pi ... [. rrsI St(ly twlu]i(]iS i(itl.1n 

11 S fI -I1 fs (J Iv..-.d I33hf," o OIII(S(-l I s I II f cI('
)I , I'fr rlII ()I s!jd(, ral)ly m of(t? (livels(, ,0Hf o(fl/:' OSp.l('([Od !h / a I ( to )( I HI It )l()n flg]LJ 
o-. icirdr' F) ooIs than llitll 1 (( tH eq did~ the} Sti.da ' bro, etr ) e ;H.)t)l(} e£,,r

I"' r)(~iiSt)~)( (sr ileSndriiii i'0 to -. o r - vI fly iinion. S 
13 L4 S(1ll . OI.) pClSO- i iJC (I(ld anti So aso Avwtp reio')al(c v'veath 

rrl( ii, ttlflol.(1'1! ','5(((' Iai !)r accoutired ful fr:t:fairtcjs ()Cal i( ssi , 3r/c'nt( trSrrlate tie 
() if'1(Oll)eI ftir )heol sailtlple, 1)(3 1 ((to rJhoblotm lCfpi i oi ll) ow Clolsur p-

I n nt, Sudairiia ')nc, Major sou:- tion is dfstibUlett across hoaseholds and 
* *'' 3113r'Stti~ l iISCO'I( il Itudo(d hvostock ason]s 

rI( it ( 5I0 A.'21Ii' I1I( I !I b(0 -111(:1 Io(I(thO1t SOCOli/tt rieasures nio) ially ( sed to 
: . . 0' -tI P\W i 5'0, i h ,a 

3 Iil "n-;tht! ' ,-,. tVie relative need for relief assistarnce 
I 3 ' 1 h,:jS-lO lcd- c) l(;w Saiho -imtg( legions. suCh as y'il o t riifall1rJ i "'s(Ic 

f zai/l. 3" ,Ir} 5 ln t III 1t(3l-l( oile dteficts, mnay poorly teflect the dogre( of 
*'1f Z, ' 1 ( , s~jl;s (1 A )0 )u actjal food irsecurity bpcause there are (dic­

'f f re ices IrI the structLre of ;nl(;(t (c1 a(nd in 
, 3 (: ' tl' 2 '(-l)r- I,il oi'. fajr'li It(lChR siir %/O . o il !)03h '. 'Le\, f)O(Cp thP ,ltR'; OC 

3,1,,*tilrt,(i -, tc ltliC I(ii (till3. -> ph ates! risk are not necs(2s55:iIy i Itit l(A 
i r (3'Biutkira F t', ", t as in rauiflall c'"a io'l as i.s cOili o)ily/v astillotf ,S . 

3,l , C~L(l! \, s, ci" V. : A'\fro il-lliltl; te (:hc 50st lnwm()lTii strale1,cis ,''al, cgclcrially 
3 *.~ 19%f r i i S-a 513.( 1 'l 3,3 I t'ld!ivtlt, I, 'A E "c r t p ocl)tOdcL shortfallst ton 

:( .'c,:tl '.11 (,cil triop [ l'.o(31ri- c.0 ,3( (S' tmlerc m1ia1h gloater risk of sever 
,33 ,-<icr2 ri 3 cl!nf'(ri f(od shortages iII the Sudalian !oner'1-lmIner(er( 


'33.:! lllo.'(ii-3lc~i(l (1
%00l3 'o,3 iiiCO l1 vil.'norittlU 11)31(1.t it 01n the, mnarkot Srld 
flkcttuaii Ic.S OCcuCr in) local crop production v3(111(2a1 thty to its ineftic:encies-was high

Ir) , 1-: Itici); ficlilsteholds ii) 1Ko f' llcv/rg a poor larvest at bolt study sites 
, ('13 35s anal) 0 rairfOall c()rdilloli anti across wealth strala Poorer hOLiSeholOS 

f, . S. 1t(1 2I5a .,(( 1 have tirait(rsatlly (ipnl)O (hOlo shongly or the riarket in Ooth 
t''.1 a.t-, ope(1c procLtitl)rl, Ath S(411(0 zcn s, ant ptichase more of their total con­

. ;.tlall(ef itlivStlrilits iln lv05olck suo ptlion during the peharvest seasons 
r' t-isiIu land ptessimire and (ecologic;al when cereal prices are normally high 

hit na/ .' retiicf rf ijr elirn i ( thn groaz- 11Iii I/i, lq rts - the market infrastrurtj: ,, 
if)(: It'roial. frtr e (icir) the r)pnr ro eC- interregional a1nd lnterseasonal price 

hi kIt,li 3f kvest!( Land ptrossure has also rnaroins COIuld benefit both etficiencv and 
r, .oIun (j the capacity ot farmers in the equity. Where purchasing power is low, gen­
Si;rI 31 ,iun(, t(9 prOd(Ouc a2 stock large orating seasonal erlplorert-- iy mean,,, 
o amn -;iwpliises as a toflr a'iaimst annUal such as public works projects financed by 

Fir dtjncliii fluctuations. Because these food-tar woik-- rnay be a highly effective 
char.1 J(OS have OCCLrre( rapidly and rela- and complementary polic;. 
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Pearl Millet in India
 
Pearl millet, in contrast to other major cereals, is a 
crop grown with little fertilizer, and virtually no 
other inputs. Thus lhe importance of pearl millet to 
the resource-poor farmer of the more nostile 
Indian environments cannot be overeslimated. In 
1982, the Ministry of Agriculture, Government of 
India, released the ICHISAT open-pollinated vari-
ely ICMV 1 as variety VC-C75. It was widely 
adopted by farmers at a time when the popular 
hybrid BJ 104 was succumbing to downy mildew, 
the most devasing disease of pearl millet This 
,ear -- 988-will be the fourlh consec tL'ive year 

in which ICMV 1 has been sown on inute lhm I 
million h 

Despite lhth availability uf ICNV 1 , the seud 
industry was compelled to contnume seed Di oduc-
len of hybrid BK 560, which is on toe same nalte-
sterile line as BJ 104, because there were no 

Increase of breeder seed/n progressof pearl 
nillet ICMH 451, which has made rapid 
strides after its release in India in 1986. 

' . .yielding 

,,,her public sector hybrids available for Indian 
farmers, man'y of whom have a preference for 
hybrids. This resulted in higher disease leve!s in 
the farmers' fields and seed production plots. 

A downy mildew resistant hybrid from ICRISAT, 
ICviH 451. was released in 1986. ICRISAT pro­
ouced a considerable amount of breeder seed of 
the parental lines of this hybrid, and by the 1987 
rainy season the public and private sector seed 
agencies in India had poduceo large quantities 
of ICIvIf 451 seed. After only one season, farmers 
were growing it on over I million ha. 

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

iCMf-I 451 is very high yielding. Over 3 years in 
AICPMIP (All India Coordinated Pearl Millet 
Improvement Projecl) trials it was the highest 
yielding hybrid, and yielded 30% more 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 protnin and lysine 
content of any pearl millet cultivar. In ICRISAT 
trals, where its adaptability has been studied, it 
has given more stable yields across a range ot 
hostile environmenls than nost other entries. it 
has excelient resistance to downy mildew, and its 
seed produchon is problem-free.

The production and release of these high­
cultivars, resistant to downy mildew, is 

highly significant. The average grain production 
of pearl riillet in India excoes 5 million lonnes 
annually. At ipresent-da, prices of US$ 123/t, the 
ani RuaI value of the crop is about US$ 650 million, 
excIlditg lhe value of the fodder. The marginal 
valke Of ICMII 451 and ICMV 1 is tens of millions 
of dollars annually. 

This breeding success has ben made possi­
de by IORISAT's global approach to pearl millet 
breeding, which has relied substantially on the 
introduction and exploitation of African germ­
plasm. This approach has significantly broad­
ened the crop's former narrow genetic base in 
India, and it has introduced considerable varia­
lion for resistance to downy mildew. This germ­

plasm and improved breeding lines developed
from it should provide a rich source of parental 
material for further improvements in the future. 
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Reaching Farmers' Fields
 

Over the years, ICRISA T's cooperative efforts with nationalprograms 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 nationalprograms. 
Outlined here are releases specific to 1987. 

In 1981, tho workshop o the All India Coordiratee 
Pearl Millet Improvement Program (AICPMIP)
recommended three hybrids for release and goe-
cral cultivation in the country Two of them corn 
bine ICHISAT mae-sterile lines as seed parents 
with pollinators from the Indian national 
prograrn---H1B 50, from Haryana Agricultural
University, and Pusa 23, from the Institue of Agri-
cUlluta, Research, New Delhi. An ICRISAT hybrid, 
ICMH 423, was the third hybrid to be released. 

In seitherrn Africa, one pearl millet variety was 
released and two advanced to Frere!ease stage 
inZarobia, 

Sorjhum variety ICSV 112 (SPV 475) was 
recorrinended to, reiease and generalcultivation 
in India by the All India Coordinated Sorghum 
Improvmntfl Program (AICSIP) workshop. In 
more than 200 tests over 6 years, it yielded sub-
stantiaky more than he previoLsly released ICRI-
SAT variety ICSV i (CSV 11). Another rrihum, 
ICSV 145 (SAR I ), tesisiant to the paraslic weed 
Stega asiatca,was recommended for ciltivalion 
in Sloga-endemnc areas of India, exceting the 
state of Karnataka. In Mexico, ICSV 112 was 
released as UANL-I -V-187 by lhe University of 
Nuevo Leon. 

An ICRISAT sorghun variety (ICSV 1), which 
was yield tested inEthiopia for several years as 
(SC I08-3xCS 3541 )-l 9-1, was released there by 
the Institute of Agricultural Research, InZambia, 
the sorghum hybrid WSP 287, based on an 
ICR1SA T-bred female parent, was also released. 

The SADCC/ICRISAT sorghum and millet 
omproverrent program is helping national pro-

grams muitiply breeder seed of two sorghum vari-
elies, ICSV 112 and ICSV I (SPY 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 
SV 2. Three white grained sorghums (ICSV 2, 
ICSV 112, and ICSV 132) arid two red sorghums, 
introduced in cooperation with the national pro-

c grai, have been selected for prerelease 
advanced trials in Swaziland. 

The Caribbean Agricultural Research and 
Development Institute in 1987 released ICG 7886 
as groundnut cUltivar "CARDI- Payne" for cultiva­
lion in Jamaica. This geimplasm accossion had 
been i"entified by lC'[ibAT ad the . SDA-ARS,
Fitton, Georgia, USA, as having a high level of 
resistance to rust and moderate resislanc3 to late 
leaf spot. 

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

ICRISAT groundnut cultivars have performed
well in evaluation by the All India Coordinated 
Oilsecds 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 inThailand, three iCRISAT groundnut lines 
yielded over 3.5 I/ha of dried pods, compared 
with 2.2 f/ha froim the local control cultivar. A 
droughl-toler~ant variety, ICGV 86635, outyielderJ 
local control varieties by 30% at two locations in 
India, and by 50% in a location in Thailand. In 
international testing of confectiunary groundnuls, 
per hectare poe yields (in tonnes) were 8.6 for 
ICGS 85 inEgypt, 3 for ICGS 61 and iCG(CG)S50 
in Burundi, and 4 for ICG (CG) ' 54 inSudan and 
Zambia. 

In collaboration with ICARDA, six chickpea cul­
tivars frorr inlernatioral nurseries were released 
inCyprus, Morocco, Sudan, and Turkey. Iraq and 
Italy also each released one cultivar. An eco­
nornic feasibility study, conducted inSyria at nine 
farms, has shown that sowing chickpeas in the 
winter instead of waiting until spring can double 
farmers' income. Bangladesh scientists released 
the ICRISAT-developed chickpea ICCL 81248 as 
Nabin for general cultivation in that country. In 
Nepal, the Varietal Release Committee released 
chickpea variety ICCV 1 (ICCC 4). 
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Training Activities
 

Fraining agric Itralists from counhn,,t of I;, 
sern-arid tropics strengthen. reseum-, 
capahilies, m!,velaps skills, and increases 
techiVMfogy transfer tc ational research and 
ex',ensonri t..r Jms so that they can play an 
acirv role n both evolvirg and 05i'i( 

ItiroVed lechiologies. In addition tothe for. 
al lr-ining offereod at ICRISAT Certer. insti ­

tpsts posted elsewhere also offer 
,, advi and training 
;I ! 9 7. 21 ranees pr' n teid it) or 

ii n ograms al IC:-_ISAT Cot lerne 
or I t 11lime. trainees included agricojl-

t vi ,I	fiiw,s from II countries partic­
mf in tensive developmento skills 

pro)grams in palhology, entornology, cylcge­
netics. physiology, plant breeding, and oii 
:arrility. Of the 127 r-se Vice"o,traires t 
35 cOuntries, 89 ,vere trained Ljii(FF tin. 
long-term, rainy season i,crop fl ov(, 
merit, crop prcd,lction, resoUrce nrm, 
inent, library sciercu, hiochemistry, phy"sic(al 
plant set vices, and ta; o developi)tri 
opetations. 

Postdoctotal partici-,,c s care fom 1() 
countries to ib/,,;utfre Li rese-; ar w. 

oral sri;,..dnls from Nicaragua, Trr idn,,. pearl mille., a crop physoogtis! invosliqlf-l,,
Tot sia and Vietnam. Thirty-five it)- the relationship of vegetative doration viII 

!,-s;et vice trainees being shown how to emasculate sorghum. 

it 

A" 

. +!., l, '0,-' 	 I'+, 

0
4 
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l-servce <wae tiom [ie Ph~ilippines harvests ocpilpz OQ hIs experuniental~' t 

Iii-eulvIce 1 IIiwes ev cibol 1nforc'opp11in l'i n aygbomy. 

0, f 

.ASIR 

Mffmt v.. 
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In-set vice fellows attendingan internationaltrainingcourse In legumes pathology,the seventh 
soch coulse hosted by ICRISA T. 

phenolype, while abreeder studied lhe, t~ility 
of mnale-sterile lines Selected from (liver""( 
(:yloplasrns In legtumes, a research fellow 
ooked on Ili(? inheritance, pllern ef city tootl 
t resistance in chickpea, A posidoctoral 

fe.llow il resource lmanagellenil com ploe-d a 
year's study o;n thn, 11rlfUunce of ,sorghnur 
plantlJ:lsity on)rw tJuse'( "ffic:ienc(y "Ind 
y,,*l 

f wentl ive sImjtor/;ll fmill 15 tmfiw.etslties
and e I Icou lws ateondgled heses ra 
:;Parch on a wide range of topis. In chiOk 

pea res(arch, oH I( lIJC10ert (Comilr01(ed athesis on henerational rertied thelt 
effect ofdter i in seletion whrl(o 

anothe:r comnpleted a 2'-year study On lflevariability in the blight pathogen, Asc chylw 
rabielOther irusri tudcedtr n t r a l 
and leaf spot diseases, the adoptionof rod-
ern cereal cultivars in India, theeffects re 
staggered sowing dates arid plan prop r-
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lions in a legumne/cereal intercrop, the 
effects of sowing dates arid irrigation on the 
yield of two rainy-season sorghum cultivars, 
and marketed suripls, household invento­
ries, and(Jplc expectations in the semni-arid 
tropIics of Ida 

Seven'r apprentices hiorn four countries 
were associated with research scientists in
woik-study p/ograms 

Contlinuing its Iraditionl of international
traiinng coursesl eginl gLes pathology, ICRI-
SAT hosted the seventh such corse inJan­

uary. IF-or the first litte, the0 course dealt withtnr 
pigeop a, chickpea, and gr oundnut. The 
ans legms oethe Institute's mandate, 

Course was designed to enable participantsto diagnose diseases asso .died with the 
hree crops to identify and characterize the 

related ungi, Viruses, and ne taodes; and to 
learn techniques to screen pbreeding ate­l 
rial for resisance oo major pathogens. 



Also i January, 10 participints from nine 
countries in Africa and Asia began a 6-week 
Iraining course inSoroeconomi cs, the third 
In the last 4 yeatus o ;cs itic!iided identty 
in(awd alleviahri(j production c:onstraints, 
( ,'onw- "ocnsiteo(t,i I r intnidiscif)11-wi .ri 

arwy farming systerus r,"swnlch, nd effec­
ivu LISO ult(r ar( Innc.rocomi)CO :-;ofwt 

[he its! Intemahrf.r dl I ',/V"ll Wotingrkshop)un)('11oI,i odexklinqr h(]gIfl it latleMarc:h. 


1wvenly-tv s"5'c(OlistS OI!(tlded fOe 1:'-day
vvnkshop Uviin'ni Lesherd ominf n.id [fwv ilidan 

qrrtiuI 0 , !IIIou PN IDC ) , I 'velIo
CV( l Iby 
v Llmvursily of Fl,rida USA t1 ir(p, ls !i
 

v it( -;o,-3o) 'hvich w ;o(ospls)nr(,d by 
!t.Itldernanulf d :oie fiminak St .n;Neftork 
OI ,"jtu!tor;hnol(gy Iralsfer (IESNA f ), are 
fIi)\% (.XI)(!ct("~ t L t,Ud( nrmf ll l )roI()l'.t";
Li(:(H . :tni,FCIl]e n s or(efr(u-orn,O i l 

twd f1tuu1lrld vvII (onductl experirrenls dur­
, )H/88 ,o Ihal i unitom iniinurn data
 
o(Iu5th sol, and crop can be col-

k!:('Acto1(,ftllr I prow-tItIf VOfn model. 

P 

.l 
 •
. .o"
 

i:,i
 

Research scholar from Kenya studies how 
height expression is inherited in pigeonpea. 

Research scholar fmom Kenya studies flowering mechanisms in pigeonpea. 

4 : fi 

A 
M 
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* ,L ir~i 

i l , ; I' .. . •l , 

itifning of fesearch technicians in progress in a newly built training facility at the SADCC/ 
ICRISA T regionalceeals program in Zimbabwe. 

A course on techniques in the produrtion omny of sorghum and millet. 
and evaluation of pigeonoea hybrids using In individualized training at ISC, Niger, 14 
genetic male steriliy was organizeu at ICR1 lLidenis fiornt four coLintries studied diverse 
SA\,T Cente I-r0i r i th.r topics. effect o! soil fertility on crop establish­0 (ctheir Fotmeerr 
pants from ,ao[ric(tiir l civ ,'t',s . ll im fnli'ro pearl millet and influence of sowing 
Irndialn C iO,ti\l.0Aig i:tlrle:" Rc r c, on the incidence of downy rmildiw, soil 
cI(,AR . acid iir ,d ie arc I icl s 'ter .md..'t i ,i ir practices for rainfed agricul­
(in ,,lr~ibirI)v il[ri-ih flt! cmilse iicw' immuial Iraction, seed and seed!ing dis­

frcntcjcniil cstc: [ifud Irl(CI irLUeS for diagnosis of 

,i(arii 

*]n 

lr ci) S'cvt1n S' AI )(( comi if i li m; l c ic. i i if(crci JiseLltse; 

imlit ec(mlij i j v i.e k fraicIi (:W.1 ci I)cccirict thne yoar. IC ISAT- cOntilued to~a". 
rtsea ch slatioii mianaq lll ;it Mip)e- rI)C acIS,i.;it aining aclivities, as part of the 
zlrrhahvw Sc teihniC iis foil vicral effort to irilxcrin/e the transfer otri W;i 
SA CO c ip sen!-1 week!; ti a1t1o,,'s tectniology in association with partners in 
for train i in crop irprovenent and acroir- naiccnaf l)rograms. 
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Se I i AIiiik fiIfIIt' ItaI Fayr1ICRISAT Senior Staff-Sr aY.trrw rr Scierrtrlic [raifrl tir 
as of December 1987 H S SCe,
fc hiwnO 

hiiorgira Fredericks Adrn Offlicr (Vistours' Sevices) 

ICR1SAT Cen te r K K Seed, Sr Seerir ty Officer 
AEkole,Se(curLy OffiCr 

K K Vij, Sr Adrr (Ofificer f),IAh Offir):rAd rin istration VLaKshmanarn Asst 1, irauqr fArriristrvt:i. until Dec)
N Sriry a Prakrish Ho.iSr BeIOlHrIr Mvedica! Officer 
G Vijayaktrmrr r mruics l ()rMiff(:er until Apr 
K Jacatriadhrrir Adr hOfficer (Iranspirl) 

. I), , r 
,(irrl 

)rtc:Ir Ge(;rrai 
A ha.ra M rlhy, I ravel Oflrrc~er 
V.V arar Ri o Adinr Officer 

I. ; lit r ( rot rrrid (Admin slralion) 
(-re (t!rreral\eietlrrl tur fL[iais(}n) 

rr ht[)iricloi, rrA (wntral 

i )rtrclu (it.,ral 

/if; l,r;iri i Ad i I; riritirrir Sy"Isilr 

,r Sr I ', v(rc)ffrr 

iI i f 	 II iit r iI) 

.hroS cr ary hC li(. 


,1nr rc r ?Ciri rri Atq) 
!r' rrr rlSr Ar , cr:tary to11 I,)l C, irrll So)C) 

','i Sr ri(),ficfur Ott( c 
I)I !Frr l Arrr\i(! 

! ,tC, r S ()fte )IIt'h,Hir r:rrt*ir, I)[)O
i..rc,n , it ruri tAdmrrr 

pf(I,idt o 1)(i If 

, r 


; , O lr t ii rhllor, 
(fct, (it the,At)(i (Adrnln) 

I , .,t, A(Im Office, (r)t,Il, f the AB) (Lia srio 
C ' ias 

A r r ir'rl lnigi (FC rfl,y r raCu 
S S..-,.arrqa Sr Off'rce;Ac )ihrrer 

A N V' .a;'tr Sr Acrourl! Officer 

(P1 HI' ioprhmC Accunts Officer 

SA VN rKuri Nfilh Accounts Officer 


HiK Va-,tAcciril, ()ffctt 

K Narayjra Mirtlhy Acco tsOfficetr 

I K las nehikhar s
Ac: cul Othcer 

I 1PSrwiva:;ir Ac.:,r;!; Off;ccr 

H;r, junri P, ri trrl ,arager (on leave frorrApr) 
P M tIeonuin Personnel Mlanager (Ating, from Apr)
N SI Kuimiar St Persrnnel Officer 
PStryiriaayari. Sr Personnel Officer 
A ir rIC lirson;ir l Officer (from Jul) 
A jRarna P.a Sr Secretary (Personnel) 
H Vaidyanathiir Prchase anrd Ste ros Manager 
.;;ivii ihiari A';et tan!r r(Pur'narand Stores 

1P'lir 5) Purchase Officer 
i)'"e n;. Sr Slor s Office 

I) VB;Irrr;i Hlui Sr Pirchase Officer 
K ("Sa,rni Sr Sltrs Officer 
K B NHilarl Shlitpinri and Purchase Officer 
, fsiBill. Putirchasef Officer 

Research Programs 

Cereals
 

Prograrm Office 

,JM J d,! Wet. 	 Progptarr Direclor, 
K SIrIItIirINrI . Assl Manager (AdrIT)
 
Nirre laKurrar. Adrri Oficer (urihl Apr?
 

Sorghum Group 

S /MLikJii hPrrIfrCr!rril Plant Breeder 
t.Is Mu'hot ho.Principal Plant Pathologist (on sabbalic) 
J M Pe.a;ock. Principal Plant Physiologist
 
(on sabbalic frori May)
 

K F Nwarize, Prcrfeal Cerreals [ ntonologist 
D S Murly, PlantlBreeder (on leave)
 
B L Agrawal, Plant Breede
 
Bolurrr V S Reddy. Plant Breeder
 
P K.Vaidya, Plant Breeder
 
N Seetharanra, Plan Physiologist
 
P Sonan, Plant Physiologist
 
Suresh Pande, Plant Pathologist (nn leave)
 
R Bandyopadnyay. Plant Pathologist
 
S.L Tanela. Fno,,l u!s!
 
H C Sharma,Erniaogrst (on sabbatic until Oc)
 
H DOPatil. Sr Research Assocrate (on leave 
 or Jun)
 
K David Nicodenus, Sr Research Associate
 
D.J Flower, Intenational Intern
 
H KokiJbu Postdoclral Fellow (Ihoin July)
 

Pearl Millet Group 

SB Kirg, Principa l Plant Palhologist 
FR Bidirrntr Principal Plan? Physaologis! 
JR Wilcombe Prrr;Cpal Plant Breeder 
KK Lee Pri ipal Cereals Micro iologist
CT Hash, Assocriat, Principal Plant Breedei (fromApr
K N Ra Plan Breedtr (on sabbatic from Apr) 
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IIS likdui r,'h1 ;1 rri:tit r 
Pheu,Singh Pni t f3rw !de 011 ii vL rom Aug) 


S 13Chavan. B redf
,I'liit 


1Aiulanr -vw y. 'lat Phystologist (on .rondiirlt) 

V i Pii;Lll.'lant Physilogist 

SI) -rmqlt Plnt Phatollqnl 


II nnlij 'lINt PHIIt10i Wafii(tori)1)1:!Wit iild 
t'!Ii roLblloiigit 

! i ,(I'Jrtj %liecl bli)(JIr' 

" , HoSIesni iialtg At)h k'\, ijniit 

Q 1, r ll,}1rlu111olm Inh-ri Itllil lph) 

, I'iirr otirm'alhirl i?()fl mart 

' (from Nov) 

Kenyii 

;ii i ,i Af ( FWG 

fir ', i wll .6! [&tin rln Afia( 


' w r& i A ) ICI:ISA Coodin ator 
if nwt ( 

Mexico 

( I ii r, jn i ( if, li I iFi;-l $iS iltiltl AiJlcnorisl 
ii(;,,.i - b,lt Surqhn Br.-<dAe 

Legumes 

Program Office 

I 'jt.rlt P~r(fIr 1111O lre:clor. 

Pi,ii.)r 

'iisiiti from) Autg) 


1 1 P l il (Siordinlor Asian Grai Lo(uini,; 
i 

t ua Act in ( ildlroator A( N (hin AL l 

)M (-,i' Sr A(gicultora! Ottcer (Cooperatv Irials 

Sj () IILN) 


1;trfulura I' hil (M)t;cer. Sr Acw (unlil Apr) 
11 Faima Mrtlhy Aril O)fficenr 

.J MJliLklhiuil Atrii ( qtt-r 

Pulses Group 

I (2 Principal rtomologist (until Nov) 

( u ;unusi~PFrincipal Agronomist 


Ii A von IFluvien Principal Plant Breeder, Chickpea 
Ia ,mirw Singhl. Principal Plant Breeder. Iligeonpea 

A B S KingrrFriipa Entoimologist, ICRISAT/ODNRI 
,J Arriaa Ass(;oIate Principal Physiologist 
N A u PriAhcipal Microbiologist 

LI J Ilansoi. Asst Princill Plant Put1hologsl. ICRISAT 
[ )ANIi )A 

K O)kada. As;t Principal Microbiologst 

D Shaua Sr Plant Bre.,eder Pigeopea (until Jul) 
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KC Jain Plant Breed,;r. I (!(I- II N 
Orikar Sirilh. Platl [reeder, Chi:kpea1In
 

(Oil saLbLatic lron Jul)
 

KB Saxeon . Plant flried!tri ['ig oriiwu
 
S S Latlut, ifi itorolu ist
 

i a w MlI naw Plant Paliogi (of) l)ave) 
1:C SONtr.Plani teeidicr, ChfickiiIa 
N f Saxena. Airi oriit (Phy,,;iohlogy)
 
0 1)Rupola Aclion ilst ("Ac oh:log!H((y)
 

,J V I) K Krto i FIan Ag riomln, :lklicrobi(hlqy 

A M (Ohiirwikir 1tl;ml ahiilo[!oL 

Jilg[LJ!l;h Kuarit Pllint 13i fir (HreilrI
 

S Sitlhaairlia i ()iput hiv
tiit "iJsffiii Jut)
 
S(CF;(puHFlal! ltrs'ud.Fh'lt,.2,a
 

M VI Fi)ddy litilt ;P[Jl(}llo.l:p 


Y S Cliajliarl Atr iiml& (Pthy;inloqy)
 
S [I ,'fSh irln;t il11"1111
t )h (;'. 

M I) [u i Ht-ilui'-th;' ir srthI
 
N V l;iflirii .. H rii:! A,;2iCii2
 

J H Lliraiiiai t.i ijich Aswciiaih (hii.ck i, Ui 
Shela; Vijay Kemir Sr Hi iich Asswcat 

L Krishna Milihy Sr Posaiwith Associate 
P K Ananir Fiu,. Poti iocthrial Felow%, lurll Jan) 
Naridula S(fki (. 'otsIdui;oial FItllw
 
S K Sinlh. I',tdictorrl I l(w (from May) 
F H: Lo}pe",. l)
P~o"hdocltoml I ellow (front , 

A Schrotihtli. r(ii ch h l- (frdo S riOct) 

Groundnut Group 

) M( IDifnild i'ilf(pil Plant Pathtlogist
 
j 11 M w,'- '; 1111llpid ( ylo. loell icisl
 

I) V H fio!di Ptriipal Plant Virologist 
, t ViIhiflh I' lnicilil IPlaill ltogislPhysi 

((oi 'aht)iti: hem May)
 

I A WutIllitnil Pinncipal I iitwinoloqus
 
S N Nigam Filnrn;ipal Plant Bt~edJer 
I W'liyai AssI Priniupal Plant Pathologist 

L j F'Hiddy Hnlit Bieomei 

11Subtahrnialyani Plant Pathologist (oil leave) 
F' 1 C Nambirar. Microbilogist (on sabbaic fron Apr) 

F)W Aiin, Courdinator andI fntonnologlst 
I nGOFIN[ 

G V Rarl.(a Rao. i rlornoloc.ist 

A K Singh. Cylognrretucust (on ctinalc until Jun) 
V K Mieirun. Planl Pathologisl 

CC Sasi. Cytogentucrsl 
M I Vasideva Rao. Plarit Bre|edenr 

S L I)wived, PIOW Bridt!T 
R C Nagesdaa Rae 'uin! f'tyl u!s)utl 
V M Ranural. llunit Phytluloqit; 

N Sivanania FHeddy Sr FF,etasrch Associate 
Y SulItr ixinr ' P'iui l' vkil -o,;h' lotid FeIo~ illirn Jutn) 

C S Cold, P'lIit(ocr|l I (1!|)w (roin Sep) 
1 A Naiduo 'ostldolil I ellow from Jan) 



fi ,;;l! !i . ... . . -" . ... 

Syria 

KB.Singh, Principal Chickpea Breeder 

M.PHaware, Principal Chickpea Pathologist
 

MS.Rahman, Principal Cnickpea Breeder/ 
Planl Pathologist 

Resource Management 

Program Office 

J.L.Monteith, Program Director 

S,KSharma, Sr Research Associate 

R.S.Aiyer, Sr Adm Officer 

S Ramachandran, Adm Officer 


Agronomy Group
 

S.M.Virmani, Principal Agroclimatologist
 
JRBurford, Principal Soil Chemist (on sabbatic until May) 

C KOng, Principal Agronomist, Cropping Systems
 
R,J.Van Den Beldt, Principal Agronomist, 

Agrolorestry (until Mar)


R, Tabo, Principal Agronomist (from Aug) 

A.SchUtl, Assl Principal Engineer, Soil Fertility Unit 

(ICRISAT/University of Hamburg) 


Piara Singh, Soil Scientist 

A.KSHuda, Agroclim'alologist 

KL.LSahrawat, Soil Chemist 

T.J.Rego, Soil Scientist 

M.S,Reddy, Agronomist (until Aug) 

M.Nalarajan. Agronomist (until Jul) 

A.Ramakrishna, Agronomist 
C.SPawar, Entomologist 
AA.H.Khan, Engineer 
R.Tabo, Postdoctoral Fellow (until Jul) 
J.NDaniel, Postdoctoral Fellow (from Sep) 

Engineering Group 

KB.Laryea, Principal Soil Physicist 
T.Takenaga, Principal Agricultural Engineer 
G.DSmith, Principal Soil Srientist, ICRISAT/ODPI 
(from Feb) 

Sardar Singh, Soil Scientist 
K.LSrivastava, Agricultural Engineer 
R,K.Bansal, Agricultural Engineer (on leave)
R Sachan, Agricultural Engineer 
Prabhakar Pathak, Agricullural Engineer 

. ... 

N.KAwadhwal, Agricultural Engineer/Soil Phly'1 icist 

V M Mayande, Engineer

M, Bonsu, Postdocloral Fellow (from Aug)
 

EconomicsGroupr 

T.S.Walker, Principal Economist 
P'J.Malon, Principal Economist (on sabbalic) 
R.A.EMUller, Principal Economist 
Karen Ann Dvorak, Principal Economisl, ICRISAT/IFDC 
(until Sep) 

N,SJodha, Sr Economist (on leave from Apr) 
R.N.Athavale, Sr Hydrologist (until Jun)
 
RD,Ghodake, Economist (until Apr)
 
R.P.Singh, Economist (on sabbatic from Apr)
 
M.Asokan, Sr Research Associate (on study leave from Dec)
 
KG.Kshirsagar, Sr Research Associate (on study leave
 
from Apr) .,
 

K.V.Subba Rao, Sr Research Associate
 
M.J.Bhende, Si Research Associate
 
V.Bhaskar Rao, Sr Research Associate
 
P.Parlhasarathy Rao, St Research Associate 

Support Programs 

Biochemistry 

RJambunathan, Principal Biochemist and Program
 
Leader
 

Umaid Singh, Biochemist
 
V.Subramanian, Biochemist
 
S.Sivaramakrishnan, Biochemist
 
P.Subrahmanyam, Sr Adm Officer
 
Santosh Gurtu, Sr Research Associate
 
M.S.Kherdekar, Sr Research Associate
 
S.Suryaprakash, Sr Research Associate
 

Electron Microscopy 

AK.Murthy, Engineer 

Genetic Resources 

M.HMengesha, Principal Germplasm Botanist 
and Program Leader 

K.E.Prasada Rao, Sr Botanist 
RPS.Pundir, Botanist 
V,Ramanalha Rao, Botanist 
SAppa Rao, Botanist 
P.Remanandan, Botanist 
T.R.K.Salyanarayana, Administrative Officer 
Y.Saioeshwara Rao, Postdoctoral Fellow (from Jun) 
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Plant Ouar antine 

H K Virir ji (hot 'rrctl iuirit rI.-IM(Jticer UnITtilI\J(iV) 

N J~i 1 i! Uwarriitri Offticeir 


on11conrirrut trom Dri 


'poie ri iv, Sriljrrc Associjit 

N irrirrri S;r Aiml Offr. 


Fellowships and I raining 

I rrrrrc; ( )lfciii
 
rri liwcrirr Lriulr 


It T~..ii ( iii r(r
S r 3 iirir 
I %.rc:w 'Ii I ti'l li Of'((r 

r, IJi.l Iw , f rr until May)rii 11wcj ( )tltiiir (ilTlsabbalrc 

cr11SrIih rdfrirri i )l(,c 

Informiatroni Services 

1)A I *r , 1;irrIi 

J11Hir ,l trifri.' I lirI~ 

Sr n Iirir'IllrrtiI lii 

%SirIrI A"St 31iIcIXcr Art innl Productin 


JiIA iri ,FiI I iw rE 

%ilull Srddi'n1,(rtr l1'1,1c unil5111 

S)i i 3, Y ic 'i ;,i( 

rrt Srlpiryiciir1 


H ';n.r 


Stat is tics 

'iiSirrh tuicticiari 

Computer Services 

1Lut.~rl aridiclir i(. crilcitr Snrvrc'81 
J ',it l'ciciij A,'ti~i Iiiaqrl (C(;rrtrct Sr~~Ci-j 

IHH i4' cirtid Sri yr (;erriltr ilrrgrar'irer Ariryt 
Ii&) :tirt0r Irr ircmmnr ,rr iiflyrt 

,rctM I.,P 
V dxjn(iKt iicr ct rigjrinrrnrr Aricily,;t 

Ic ' ,ciirri Cwi''r ~lIr11  ronrirrrr Anil, 
ill II; 

Ari o V ;iiririti Pl'rrlrnrRij Arnalys~t 
r I r 

S luhbti Hal i i. jitri r tcIhrriirr Arr;iacst (frioir Nivi 
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Library arid Dociirircital run Services 

L Ir ;,,!'.... r
 

11K'Srrrrr St I) rrrr,riilijr, (Jtllt q
 

ll S Jicttirv, ,I I hiv(Vl ~
 
Slirrrriirr St I IHiiry ( Mftco
 
HRr(3h ilfrrrrrrrirr
W~ri.Ir i t
 
V Vorrkil, srtrr I hfir, 0c( ((r (iiei truir Aug)
 

Housing and Food Services 

D) Al eIria, .iirvir rt lrr -h
 

S Mi'iirrrir , ,r %Iiiriir~r i omi iervices)
 
13Hldrr;ilri Hliw rr , '.I ini(rii (I lmcisir~q)
 

II V Sitiri R~i A , I 3rrrniqfrr twijitrLr ISO)
 
0i N Sir (irirrir
 

Physical Plant Services 

mm, lirirlpil 

Sudhiir Hi'lli :rrI fr.qmticer ((ivill 
D) Subfrirrrrni licr ( St [ rrierici (I leirircall 
C K Bolltrippii A: (rr~~rWrkrshop)q,irl 

WE13 f~rir f rirwcr l(iiii'i Aug)~ 

.t (1until 

5 i (I r if rirri In lillJl 

N SFSri cil I cif i 

K H&i i ix (Si I ir no ii Al,r ( )(:I
 

R9lhiiqiriiiirr nqip rir iriiri li r %,tir)
,,iinitil 

Ariicri/N Siriht mI t -ij~r n(iti i Iijilwr'i "nd 1riitirr 

K R C'Bl t, i, ' ' ir - r . i 

K Satyaririvici F ijij i rrircrrr r rr May)
 

V Madimiculri lic I
 

Y Chtirtijii .i H&i iqm-


S 11Jaya Kiiri. Hr (
Afir' Il~ 

Farm Development arid Operations 

5SN Kitpeir jA im %r5irrrtr irtic Juli Manager (Far 
mictirrir yr 

S K Pal Sr 1I';rril Pri !irn ()t (,fir 
K (Irirrrr ,i'r I rrcjcnrirr if ri ch1 inery) 

rilrrrakir Jr Ii, i .^ktri( ;Iwiil Cilticrii 

N V Shina HillJ, ' tr 1IV ' lirL tce 

MtC(Hrmirrldiiili Hali. Sr I nme 
Auntl Ai Ki Arli( ulitiral (tticti 

(C[Ijinn lrr'dit AilrICii~lltrl Officer 

Akbiti Pla~. I richii 

;3G itil f-lifric 



T A,Krishnamurhi, Sr Adm Officer (until Apr) 
Surendra Mohan, Sr Adm Officer (from Apr to Aug)
V.S.Raju, Adm Officer (from Oct) 

West African Programs 
ICRISAT Sahelian Center, Niger 
Administration 

R.W,Gibbons, Executive Director, West African Programs, 
and Director, ICRISAT Sahelian Center 


D.C.Goodmari Jr,Regional Adm Officer (until Mar) 

MG Wedeman, Regional Adm Officer (on special 

assignment from Apr) 


MAdjei-Fah, Adm Secretary 

M.D.Diallo, Regional Fiscal officer (trom Oct) 

IAgani, Accountant 

K.A.Moussa, Personnel and Transport Officer 

Solange Delanne, Executive Asst (Liaison) 
B.Amadou, Adm Asst (Travel) (from Nov)
 
A.RTanko, Purchase officer
 
ILaouali, Computer Programme !Analyst 

t.J.Cachalo, Bilingual Secretary 

Research Programs 

Pearl Millet Improvement Program 

K.Anand Kumar, Principal Millet Breeder and Team Leader 
SO.Okiror, Principal Millet Breeder/Regional Trials 
Officer
 

SNLohani, Principal Millet Breeder (Burkina Faso) 

M.Mahamane, Bilingual Secretary (from Jul)

LMarchais, Principal Geneticist (ORSTOM) 

S.Tostain, Principal Geneticist (ORSTOM)
 
M J.Lukefahr, Principal Millet Entomologist
 
A.Mamalo, Research Technician
 
J.Werder, Principal Millet Pathologist 

A.A,Ciss6, Research Asst (from Jul)
 
LK.Fussell, Principal Millet Agronomist (on sabbalic 


until Sep) 

T.J.Slomph, Sr Research Assl 

Groundnut Improvement Program 

B.J.Ndunguru, Principal Groundnut Agronom:st 
and Team Leader 

DCGroenberg, Principal Groundnut Breeder 
PSubrahmanyam, Principal Groundnuf Pathologist 

Resource Management Program 

CRenard, Principal Agronomist and Team Leader,
 
M Manzo, Research Asst
 
MV.K,Sivakumar, Principal Agroclimatologist
 

..(onsabbatic from Oct)
 
S.Abdoussalem, Research Asst 
A.Baliorio, Principal Soil Chemist (IFDC) 
M,C,Ktaij Principal Soil and Water Management Scientist 
P.Ouedraogo, Sr Research Asst
 
ATekele, Frincipal Agronomist (University of Hohenheim;
 
(until Deci' 

JrKaziende, Research Asst 
BR.N'tare, Principal Cowpea Breeder/Agronomist (IITA) 
M.S.Dicko, Principal Animal Nutritionist (ILCA) 
(on sabbatic until May)
 

S.Coulibaly, Research Technician
 
J.C.Hopkins, Postdoctoral Fellow (IFPRI) (from Jul)
 
R.J.Van Den Beldt, Principal Agronomist/Agrofdreslry 
(from May) 

M.Djibey, Research AssI (from May) 
J.Toll, IBPGR Field Officer for West Africa (from Feb)
V.Walt. IBPGR Collector for the Sahel (from Jun) 
A.N'Dsaye Bilingual Secretary (from Mar) 

Support Programs 

Farm Operations 

PG.Serafini, Research Farm Manager 

R.van Midde, Technical Asst (SNV)P.Koudogbo, Chief Mechanic 

B.Mallam, Security Officer. 

Construction 

BD.Marvaldi, Project Development Officer 

Statistics 

B.Gilliver, Principal Statistician 
G.Ouoba, Computer Programmer 

Information/Documentation 

CGiroux, Regional Information Officer 
A.Dodo, Translator 
FGbaguidi, Librarian 
H.Diorl, Documentalist (from Mar) 
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___________________________________ 

Burkina Faso 

Administration 

C.M.Pattanayak, Principal Sorghum Breeder 
and SAFGRAD/ICRISA Coordinator .... 

A.Tenkouano, Research Associate 
ACoulibaly, Bilingual Adm Secretary ' 
B.T.Ouedraogo, Adm Asst (General Service) 
S Lingani, Adm Asst (Accounts) 
L.Yoni, Computer Technician 

Research 

KVRamaiah, Principal Cereal Breeder-Striga 
D.S.Murty Principal Sorghum Breeder 
M.D.Thomas, Principal Sorghum Pathologist 
G.Hoffman, Principal StriaAgronomist (from Aug) 
N.Kabor6, Technician 
T.Traor6, Technician 
S.Sawadogn, Technician 

Mali 

S.V.R.Shelty, Principal Agronomist and Team Leader 

NF.Beninati, Principal Breeder 

I Kassambara, Research Associate (Soluba) 

A.Coulibaly, Research Associate (Cinzana)
 
STour6, Adm AssI
 
B.Sogoba, Accounts Ass[
 

Southern Africa Poograms
 
SADOC Regional Sorghum and
 
Millet Improvement Program, 

. Zimbabwe 

LR.House, Executive Director, Southern Africa 
and Project Manager, SADCC/ICRISAT Program 

SP.Ambrose, Regional Adm Officer 
ABObilana. Principal Sorghum Breeder 
SC.Gupta, Principal Millet Breeder 
D,SBishl, Station Development and Operations Officer 
(until Jun) 

W.A,J.de Milliano, Principal Cereals Pathologist
 
M.Osmanzal, Principal Cereals Agronomist
 
K.Leuschner, Principal Cereals Entomologist
 
F.York, Farm Manager
 
W.KMorgan, Asst Adm Officer
 

Regional Groundnut Improvement Program, 
Malawi 

K.R.Bock, Principal Groundnut Pathologist 
and Team Leader 

G.L.Hildebrand, Principal Groundnut Breeder (from Aug) 

~ /< ~~.# ~ .: ~ ..* 
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ICRISAT 
Dr C.CharreauGovern ing Boa rd-i 987 Director, IPAT Ineatnlen 
Centre de Cooperation tionaleenRecherche

Dr F MacHard harman Dveoppemen (CIRAD).
Dr F V. ac~rdyChaiman45 bis Avenue de la Belle Gabrielle7817 Saskatchewan Drive 

K 

* 

, 

9r 

Edmonton, Alberta 

Canada T6G 2L3.
 

Dr N. S. Randhawa, Vice Chairman 

Director General, Indian Council of 

Agricultural Research (ICAR) and 
Secretary to the Government of India 
Department of Agricultural Research 
and Education 

Krishi Bhavan 

New Delhi 110 001 

India 


Dr L. D. Swindale. Ex-Officio Member 

Director General, ICRISAT
 
Patancheru 

Andhra Pradesh 502 324 

India 


Mr C. S. Sastry 

Secretary to the Government of India 

Ministry of Agriculture

Krishi Bhavan 

New Delhi 110 001 

India 


; 

Mr Snravan Kumar
 
Chief Secretary to the 


Government of Andhra Pradesh 

Secretariat 

Hyderabad 500 022 

India 


Dr P. L, Adkisson 
Chancellor 
Texas A & M University System 
College Station 
Texas 77843 
USA 

Dr L. BraderDirecLor 

Plant Production and Protection Division 
Food and Agriculture Organization of the UN 
Via delle Terme di Caracalla 
00100 Rome 
Italy 

94130 Nogent-sur-Marne
 
France
 

Dr J. P. EckebilDirector
 
Institut de la Recherche Agronomique
 
B.P. 2123
 
Yaounde - Messa
 
Cameroon 

Dr N. L. Innes
 
Deputy Director
 
Scottish Crop Resbrch Institute
 
Invergowrie, Dundee
 
Scotlande
 

Dr K. Kumazawa
 
Professor of Plant Nutrition and Fertilizer
 
Faculty of Agriculture
 
University of Tokyo

Bunkyo-ku, Tokyo

Japan
 

Dr W. T. Mashler
 
4 Woody Lane
 
Larchmont, New York 10538

USA 

Dr J. Moncada de la Fuente
 
Presidente
 
Colegio de Ingenieros Agronomos
 
de Mexico, AC.
 

Sindicalismo 92
 
Mexico 18, DF.
 

Dr B. K. Patel 
Chief, Agricultural Research Officer 
Department of Agriculture 
Mount Makulu Research Station 
PO Box 7 

Chilanga 
Republic of Zambia 

Dr P. M, A. Tigerstedt 
Department of Plant Breeding
University of Helsinki 
00710 Helsinki 
Finland 
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