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Cover photo: Fluorescence micrograph (x1200) of a section through a moldy sorghum grain 
showing Ftusaritwn pallidorosewu, (Cooke) Sac..:., one of.ieveral grain-mold pathogens, colon
izing the endosperm, a~eurone layer, and I:ericarp, and sporulating on the surface after 
breaking through the epidermis. Sorghum grain molI is a major disease that affects sorghum 
crops throughout the SAl , limiting both productior. and utiliation, and is one of ICRISAT's 
mai research thrusts. 
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ICRISAT's Objectives 

ICRISAT's mandate is to: 

1. 	 Serve as a world center for the improvement of grain yield and quality of sorghum, millet,
chickpea, pigeonpea, and groundnut and to act as a world repository for the genetic 
resources of these crops; 

2. Develop improved farming systems that will help to increase and stabilize agricultural
production through more effective use of natural and human resources in the seasonally 
dry semi-arid tropics. 

3. 	 Identify constraints to agricultural development in ,.he semi-arid tropics and evaluate 
means of alleviating them through technological and institutional changes; and 

4. 	 Assisi in the development and transfer of techno-,gy to the farmer through cooperation
with national and regional research programs, and by sponsoring workshops and confe 
ences, operating training programs, and assisting extension activities. 
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___ 
ICRISAT's Five Crops___ _ 

Latin English French 

.Sorg/ur Sorghum, Sorgho 
" fu- hicolor durra milo, 

~ i (L.) Moench kafir corn, 
,: Egyptian corn. 

€A 

Pennise urn Pearl millht, Mil 

N 
-, 

, glacum
(I..) R.fir. bulrush millet,

cattail millet,spiked n: !et. 

Citer Chickpea, Pois chiche 
arielinumn L. Bengal gram, 

caravance, 
garbanzo bean. 

'a/anus Pigeonpe,. Pois d'Angole 
4';.1 " cqan(L..)M illsp. red gram. 

. ahsGroundnut, Arachide 
hypogaea L. peanut. 
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Portuguese Spanish Hindi 

Sorgo Sorgo, Jowar, 
zahina jaur 

Painco, Mijo perla, Bajra 
perola. mijo. 

Grao-de-bico Garbanzo, Chana 
garavance. 

Guando, Gu~bdul Ahr 
feijao-guando. tur. 

Amendoim Mani Mungphali 

v 



About This Report 

This Ann ual Report covers the 1987 ca lend ar year. It inI tides work done atI CR ISAT Center
11c,r IIvd erahad, India, at research stations on the campuses of agricultural universities in
dif'ercnlt climatic regiols of India, and at national and intcrnational research facilities in six
countries of Africa, and in Mexico, Syria, arid Pakistan, where ICRIS'A scientists
posted. Pertinent agrocliiatic information is presented 

are 
in the Agioclimatic Environmrient 

sect on. 
In this Rcpolrt. resecar, uihie\ emncts in respect of the Institutc's l i1 mandate crops are 

plesented by crop, ill the !in of reptoldisciplin;tr\rt'V areas that reflect tlhet~ls oil problem
11ItrlactivC InHIC Of orcientist>,' work. 

RCscarch b\ I'R 1Al scicntists In cmopcrativc programs outside India is reported tinder
rIlcxant crop or discipline hcdintgs. I)e:tilcd reportiig of the extensive activities of ICRI-
SAl S WCrch s[pOrt tilil')i, plccluded h% lhc slace available in this volume, bilt coipre
lienis CcO\Clae of I( 'R Il': I core Ic:sarch programs is giver. Ilurther inlormation about
the %'Nmuk rcpollcd h11c i, prosidedn iI(lividtil program publications, avJilaIblC from theICsCetc1h prorains emeerued. ()ffprnllts of scclions of this Report are also available on request

1I ploo1erlni offices. 
1('1 ISA I uses the S\'stL'nie intCrnationlal dlnit s (SI units,). llroughoI t lis Report, the

iiaIrility ofes timia:es is shown liy includ ing the standard error (SF): on graphs representing
the mcii of several obscrvations the standard crror is shown by a bar (I). Where levels ofpfo hab ilit , are discussed in the text, significance isgenerally mentioned at tile 5% level: where
:h1e lc\cl difelrs, it is indic'ated palrentheticall,. In tables, levels of probability are shown by
astcrisks: * for '. {0.05, ** for 1'.0.01, a.nard *** for I'. 0.0)01. Unless otherwise specified,
nailablc p,..sphorus (P) refers to the allotll of phphoho rus extracted froml soil by Olsen's
 
method, usiig 0.5 NI 
 Nal('()1 as the extictanlt.
 

I hc latin name 
 fol pcarl millet has been cjangcd: t cnnisctLun a1Lncicanut (l.) lecke isnoks reterred to as Ie1ntuinSCt , I]; 1cuin R. Br. in this Report a id in other ICR ISA I(L.) 
ptl licat ions. 

A list of elitC ICR ISAT plant materials issued by the Institute's Plant Material Identifica
tion Conillittec during 1987 appears at the end of this Report, together with a listing of
previously named material that are now in cultivation. In the text the ICRISATdesignation of
each plant material is given first, fol'owed by its released designation or name in parentheses
(where different) or its original name. 
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Introduction
 
For IR ISAT, 1987 marked an important milestone with the completion of 15 
years of internal,vnal service. The Institute continued to use its developed 
Concepts and technologies to mnitigatC the effects of drought duiring this year 
when parts of India were afflicted by the worst drought of the cent u'y. At 
ICRISAl Center, rainfall to the end of'Septcmber was about 27% below 
normal. But olr crops did well. [he drought did not significantly affect yields 
or tV,. success of the experiments. indicating that the effects of moderate 
drougfits can he partial lvoffset by utili /ig I('R ISAT-LICvClo pedCbreeding lilnes 
and managencllt practices. 

ICRISAT celcbrated its 15th anniversary this year, on 10 ( ),tnber, World 
Food l)ay. delicatcd this year by the F'ood ,.l1nfAgricultural Oreami/aton of 
the IInitCd Nations to resource-poor farmers, who constitute ICR ISAT's 
maj or target gntoup. M Plrades h, wasNrs KtmUdbcn .JOshi, Governor of AItd hra 
the chief tIest . [hC Governor noted that ICR IsATF had 'rendered very (Iistin
gilishcd service to the internal io nial farming com munii ity.' I)uriig the cerem-

On I(RISAT Day,the Governor of Andlira Pradesh released a commemorative catalog of 
publications by ICRISAT scientists. 
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ony, 334 regular employees received certificates for their 10 years' service,and 
194 received awards for 15 years' service. 

This has been an important year for the expansion and consolidation of 
ICRISAT's activities in West Africa. With the provision of special capital 
funds from many of the CGIAR donors, the construction of facilities at the 
ICR ISAT Sahelian Center (ISC) is pioceeding on schedule, and should be 
cornmpleted in tid- I988. The r al gro tndnUt program, started in late 1986, 
became fI'l v st alcd wit li the addition of a treeder and a pathologist in January 
1987. This pcrnhilcd experi mentation ovcr a full crop season at Sador3, and at 
lengou in southern Nigcer in collaboration with the Institut national de 
rechcerchcs 'teirononiquc u N\grr (INR/\N). 

1lhc li >orurc. Management t'an at IS Cwas s rengthened bo Ow addition of 
a ii agrotocst, \%ho hca ntudies oil the phenology of Acaciw alhi&a and 
initiated Aorking relationships with natiorui and international programs. An 
entomologist was, ap1pintcd to work oi pearl tiillet. Interaction with other 
C(i(IAR institute , has gto\n, with scientists Irom the international Food 
IPolicv Research Institute (IlPR I) and the Intciational Board for Plant 
Hemic Resources (113'(iR) being attached to the IS( In Burkina Faso, a 
.S'lIg, agrotnomist jincd the sorchuni Weat thto,-h an a 12'rcement with the 
:reinch Ministrv of Co lop-tin. 

In Niger. l('RIS,\ Llorewaried the (;Goxer'crit that the !987 rainy season 
ill tht Sahl woni be short, atid crop yieW., ;,v,,ld proball be below axerage. 
Ihe predictiotl "'As Yceteailv accuratC. but utiseasOnal Fain ill OctobCI helped 
remove the spectic of vet atotheir yenr of food shortages. Nevertheless, the 
produtretion of some crops Was low. In tie Sa helian /one, yields of pearl millet 
werve 3 3 lower and cowpea vIdls 207 lower than in 1986. On the other hand, 
sorghu m growing in the intoister Sudanian zone, was little affrcted by drought. 
Good0 progress was tMaadL itt all areas of research in the region, despite inade
quate rainfall. 

The I('RISAl Sahlian ('enter developed and strengthened its cooperation 
with at ional, regional, and international organizations in West Africa. Opera
tional scale trials, involving an in proved package of practices for millet and 
cowpea in the drier agmoccological .ones. were extended to the Birni N' Konni 
INRAN station in Niger, and we hope to extend these trials to other countries 
in 1988). [he improved cropping syemslS deveoped by our bilateral program in 
Mali are being rapidy adopted by farmers in the southern parts of the COultry. 

A num her of new collaborative agreements were entered into during the 
year. I(RISAT signed a Memorandum of Understanding with Sri Lanka 
during the year, providing for moutual cooperation and collaboration in agri
cultural research under the auspices of the Asian Grain Legumes Network 
(AGILN). ICRISAT also signed a Memorandum of Understanding with Nepal, 
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along with developing Work Plan for 1987/88. Memoranda of Agreement 
were also signed with the Republic of Mali, at BIamako, for the establishment of 
a West African regional sorghun and millet project in that country, and with 
the Federal RepubWlie of Nigeria, at L.agot< for the establishment of a West 
African sul)reCgiunal research and training program oin sorghum, operating 
from at central base in Nigeria. I'ndcr a new arrangercient with Malawi, ICRI-
SAF will expand its erouiidntll rCsearCh activities at (i'hited/e Agricultural 
Research Slation, Iilonew. and constrnet offices and houses there for addi
tional staff. 

l)uring this vea at the requst ofthe (oVCriment of Iidia. we set tip a new 
leguncs ()n-lrm andunit, called tihe msig Nursery L,(i()iTLN), a 

PmiltidisCiplinlarx unit that \\oiks ,\iti statc scientists to co illfaeC tile state
rcC01oi1i1clilcd, locail lariners'. and ICR'WSAt's methods olgr iing legumes. 

m porta lit 
prompt dipatlch and lloV-tp (O'reelusts for seed, oi-l"irm testing of elite 
material of allree legtine crops in ICR ISA\' mandate- identificitioa of 
lines lor miiiikit trials and thei& nionitorine,,I, seed m lltliplication of identified 
lis: and !nonitorin of a' -India trials that Curitaiit ICRISATI legumc 
ma1ltcrial. 

t his itit conducted .!roundnut y'ied-axiii/ation trials, in collaboration 

Inita l\-thisIli it \\ill I"Cts (IOnn rotlnd nits. ()th r functions will be 

xxiltithe i ion NMinisli of Agricutture and )epartments ofAgriculture of five 
Indian ,1ate,. I'! ,I l's technology wa losely monitored and compared 
with the e:,,istcn tCCh1oi~rv in individual states. In gencral, ICRISAT 
methods prod uced hi!1zhr .icliis tIan ihc state-recomeinded or local ones. and 
have g-enterated ,2ntlLusias antillil farlers and extension personnel. In tile 
stite of Mallarashti a, a special (roiidnuit )ay \as organized to observe the 
trials, attended h (oer 20)0 farmcrs. the State Minister of Agriculture, 
Members of Parliamen t. other government officials a ld the media. 'he 
(ioernlmeciit of Mahiraslitra has issued a directive that the technology should 
be transferred to at least 304g of the state's farmers by 1988. 

Sorghum and pearl millet genotypes produced by ICRISAT are already in 
wide use K' natio0nal breeding programs in Asia, Africa, Central and Latin 
America, and the Caribbean. Iiowever, to help speed up screening and testing, 
and to reduce delays in improved varieties reaching frmers, we set up a 
Cooperatixc Cereals Research Network (CC(RN). This Network will enable 
regional programs to gain access to the full range of research materiat available 
in the entire ICRISAT system, and to bring back to ICR1SAT scientists 
information on field problems faced by national programs. 

ICR IS AT continued its on-farm research on the improved Vertisol technol
ogy, and this had lasting impact inseveral areas. /'recent study on the adoption 
ofthis technology in Madhya Pradesh 2 years after on-farm trials, showed that 
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most farmers adopted double cropping and used improved seeds and fertil
izers. Some had also adopted dry seeding and drainage improvements. 

We established a new Nematology laboratory during the year. Nematodes 
will be isolated and identified from soil and root samples for Iu rt her labora
tory,' greenhou se, and HicM experiment.'. 

IC'RIS/AI , 1brarv\ and l)octumeatat ion Scrv ices were further refined this 
year. A (ompac't )isk Reid-On)ii\-NIemory ((D-IM() )facility was installed 
it the I-i brar, and \Viii be used tO provi de information retrieval services to 
scicintists at I(RISAl and national programs. A new service replaced the 
SolgItiLm 8ud I ilicis ('enter. The Semi-Arid Tropical Crops: Information 
lnformation Service (SAT'RIS)is funded .ointly by ICRISAT and the Inter
national l)evelopmclit Research ('Centre (IDRI), Canada. It is designed to 

provide efficiCit arid wide access to iIIormation on all of ICR ISAT's n.andate 
crops, and on aspectCO. such IsaUJlOcl inlat o lo [gy, soils, food and feed quality, and 
larlmin2 sVystcms of' the SA]. 

In 1987, in addition to 30 
Institcte-IeveI publica1tions that 
incIlided ook s, Research t id] Ill- !( S', 112(SPV 475)al igh-yieldingsorghunlm arietvtlhai 

f'lo r tiol [ tl tins. WOrkShl)) has lbeen recommended for use in most states in hndia for 
• cniltivalion in te rainy season. In addition to high grain 

proce.idings ail progress reports ,i els, this variely can also produce over 1i0 I of fodder 

and I I issues of valious lriewslet- per hectare.
 
ters. ICRISAT issuIed a new sli- . .5 ,
 
Ieset aind oIr sCIC tistis pu ished
I'-I......
 
64 c lomnal articles and 69 confer-- ,. : , 
ence papels in the operi scientific N,, 
lite ratir.Ci p-arieis 

Several Cwe 1 iollC ,., 1"d 
hyb)rids (Ilevs lo ped frm1 1CR ISA/V'q. 
material were released tolarmers s"', o 
during the year. ISVI 45(SAR 1), g K.
a Striza asiatica-resistalit ICRI-
SAT sorghum variety, has been 2 
released in India as ICSV 145, 
and has been r'ccollnldcd oi 
cultinvat ion in .r-,a-clndcimic 
areas of Andiira PradeCsh during , 

both rainy and post ra iinvseasons. 
It gives a grain yield of 2.2 t h, 
under extensive field infcstat ,()1 
by Striga: and matures in around 
110 days with a fodder yield of 



-about 12.2 t ha ". ICSV 112 (SPV475), a rainy-season, high-yielding sorghum 
variety (3.4 t hi -') was recommended for use in most states of India. It matures 
in I115-120days and gives a fodder yield of around II .8 ha" . Three ICRISAT 
pearl mille hybrids ICM 1451 (M Ii 179), ICMI -1501 (M H 180), and I(-M H 
423 were icleased lor gneral coltivatton in India. Ihey are highly resistant Io 
downy mildew, Il\'brid 1CM -I 423 natures in about 85 da;s at ICIZISAT 
('enter, and i!; well adapted fo rcttnlialion in northert India. I( RISATImale
st(erieW Iines airc the seed pa rents of two other pearl millet hybrids reicased at the 
1987 AlC'(NI IP wo,rkshop Ior gcnal cultivation in India.U 1-113 50 from 
I-I a r\va iia A rico Ito;a lai\c rsity, whose seed palent is 8 l A. and Pkusa 23 from 
IA, I, Nev I'clhi, whose sced paient is ,41 A. Furthernimorc, ICRI SAT pearl 
millet x",m ictr- J'N'i 8203 has been cultivated in Maharashlira in 1Q87 on a fairly 

i been\ idc scale . Iias hael lmuciatcrest ia I'R l;I \ 's chick pea 'arieties from 
many >t tv., itilal-l I Mlaharashtra. wheC chickpea has good poten
tial in liin t-irieatior" arncas. Ii resnse to several Lequests for improved 
varietics 75 k7, of desi (IC(i, 37 and IC('42) and 18()0 lqe of kabuli (I(CV 2 
ICC' '5, and I.(.CV 0) varieuics were dispatclled. 

Several IC'I ISAI cultivars were aim) ,cased in other nauls ci ti semi-arid 
rlpies during this yeal Iproved sorghin varieties were relcased: t\ o by the 

national proytam in Zilhawe one in t hiopi,, aad two in Malawi. A hybrid 
based on all I[(i':'IiS --bred female p:cnt was relcase(i in Zambia. A pearl 
millet varicv has been rcleasCd llnd two others aIC in the prl),_UY.1asC stage in 
Zambia. and in liorkina Faso. an ICR ISAl-produccd pearl millet variety is 
being distribLited io farme r. An! IWRP, ISAT grnundnut germplasm in e, ICG 
7886 (Tifrost 2) dccloped i, collaborative research on rust disease by ICRI-
SAT an the ISI)A-AIP.S, University of Georgia, USA. has been released in 
Jamllaica Unlder the local name Cardi-Payne. The line, the original germplasm 
for which was collected in [cnu, has a high degec of resistance to rust and 
modcrate resistance to late leaf spot. It has been cited as an ideal variety, suited 
to all .Jamaican requirements, and yielded, on average, 1.7 t ha-1 on farmers' 
feds, 75%, more than the local valencia variety. ()ne cultivar of' chickpea has 
been released in Bangladesh, one in Nepal, two in Morocco, and two 
ICRISAl-iCARII)A developed lines were released for general cultivation in 
"uikcv. 

E'xchangec of ideas and research perspectives continued during the several 
workshops, conferences, and meetings sponsored or cosponsored by ICRISAT 
during 1987. Ihe potential of biotechnology to stabilize and increase crop 
production and to improve crop nutritional quality received the attention ofr20 
scientists in an International Workshop on Biotechnology held at ICRISAT 
Center. Over 35 agricultural scientists from 12 nations conferred with scientists 
at ICRISAT Center on insect pest management strategies relating to stem 
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borers on sorghum. An international workshop on Af'latoxin Contamination 
of' Groundnut brought some 50 scientists from 26 countries to ICRISAT 
Center for liscussions on this important topic. Nearly j00 agronomists, soil 
scientists, representativcs of governm, nts, professors, rural economists, 
hydrologists, and other specialists trorn Africa, lEirope, India, and the USA 
gathered at t he ISC to participale in a Soil, Water, and Crop Management 
Workshop cxoted to rainfled agriculituIire in the Sud ano-Saheliani 2one. A 
C(on!erencc on livcsrock and the Improved Management of l)ark Clay Soils ill 
ArIca was organized in Addis Ababa, Ethiopia by II.CA to review the ,*iurrent 
state olUknowledge on the use of 'Vertisols in sub-Saharan Africa and to develop 
guideline': for LitnlI-c resCirel, alimed at increasing food and feed production 
f'rom these soils. In collaboration with tile Institut d'econonnie rurale (IER), a 
workshop on rite rcroppirig S\stests illn Mall was organimied, where 50 scientists 
and exlnsion workers reviewed the past croppingsystems research in Mall. In 
addition, there 'N'rceliec conlerenCCs, meetings, scicltists' fineets, and field 
da\'s. 

lI)unin 19, WIRISAl's Genetic Resources Jnit (Ki11.1) explored South 
Almcrica, castern, soulhcr, and westeri Africa, and S outh Asia, resulting ill 
the add itio1 of valuable C rrplas ni cce:sions in our grl bank. 'Ihis year, I'or 

IPosirain,,-season lrainees laking notes on a chickpea pathology experilent at I(CRISAT 
Center, 1987. 
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Uniwi .Miniter (f ..Agriculture G.S. l)hillon (center), )irector General, Lidian Courncl of 
Agricultural Research, N.S. 1I6dhWa (right), and )eputy. Director (eneral ,I.S. Kitnwar, 
visiting rials at I'RISAT ('enter. 

the first rimc, a germpl:,sm collecion trip was undertaken to Burma, as a part 
of ,tin 1987/ 88 lurma-AGli ,I Work Plan We added 3940 new accessions of 
odr mandate cf-p to the ICR1 SAT gene bank, raising the total collection to 
87 494. [his yea 33 652 samples were sent to scientists in India and 20 869 
samples t t h )C in (tie Coulntries, in addition to the 16 591 samples supplied 
to scientisms at ICRISATF Center. The collaborative germplasm evaluation 
progr-m'O iththe National Bureau of Plat Genctic Resources. ICAR, India is 
going well. This program and similar work on pigeonpea in Kenya, and 
chickpea in ltthiop; a, have made available several thousands of germplasm 
accessions available to national program:; and ate helping to identify desirable 
genotypes for crop improvement. 

Ihere was a record number of 210 trainees at ICRISAT Center during this 
year in various training programs, including for the first time trainees from 
Nicaragua, Vietnam, Tunisia, and iMnidad. This years' trainees had the high
est record of achievements, with good yields in trainee experiments despite the 
drought. The seventh international training course in legume pathology dealt, 
for the first time with all three legumes on ICRISA's mandate. Ten partici
pants roin eight countries attended this course. A socioeconomics training 
course was attended by 10 participants from nine countries. Twenty-four 
participants from six states of India and the Union Ministry of Agriculture 
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With the aid oftheir interpreter, the delegation from the I !SSR State Agro-industrial Commit

tee learn of '('ISA.\ sork on sorghum l brids for the postrairi season. 

Farmers re"eiking seeds of releascd l('ItiSAT cultivars on Farmers )ay, when over 1200
 
farmers visited ille Ihtsti~te.
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Research Directors of national agricultural /rograms in West and equatorial. _.rica examining 
samples under the electron micro,.vope during a tour of Indian agricultural research institu
lions that included a visit !o I(CRISAT. 

'atlendcd :t 1rai ni. w korlshop on the Transfer of Technology for Rabi 
(postrain\V-,,C'otSn) (irotlnd nut. In West Atfrica, where the planned training 
[acililiCs ;i-(, nl Yct ready, an increased number of students and cooperators 
xxcrc ciaincd h\ iir scientists in Niger. Mali, and Burkina Faso. 
Ovcr I I O() pCrsoIS \isitcd ICRISAl ('enter during 1987. Prominent 

aniong theCn \erc ci-Ilt reusearch directors o!national agricultuWral programs in 
Wcs. and cntaturial Africa, who visited IC RISAT Center to observe current 
research programs. ()ther important visitors included Mr I.G.Harris, the 
Canadian I-li g ( ' ml nissioncr to India: M r .. Cuendet, the Swiss Am bassador 
to India: Mr (G.S.l)hillon. Union Minister ior Agriculture, Government of 
India Nijor (e ncrai oli amina(t ( a(o Nasko, [ederal Minister of Agricul
tLC,WaICr [RCSO LirCcs and Ru ral )cvclopment. Federal Republic of Nigeria: 
l)r NiMaiin)ohan Singl, Dcputy Chai rni an, Plan ning Commnission, New Delhi; 
MIr V.Nagcshwar Rao, Minister for AgrictIltunre and Mr Gi.Muddukrishnama 
Naidi, Min ister of IForests, Government of Andhra Pradesh; )r l.W. Mellor, 
)irector (encral, International -ood Policy Research Institute, Washington 
).C., ISA; )r Kimla Ch owdlhry, Chairman, National Wastelands Develop

ment Board, New Dclhi; Mr Hoan '; I) in h Lhu, Vice-President, State Commit
tee for Science and Tech nology, (overnment of Vietnam, Hanoi; Dr Nicole 
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Senecal, Director General, Multilateral Programs Branch, Canada Interna
tional Development Agency; a six-member high-l,:vel delegation from the 
USSR State Agro-Industrial Committee, USSR; and a nine-member Agricul
tural Task Force from Ugzpnda. Over 1200 farmers from Andhra Pradesh, 
Maharashtra, and Tamil Nadu visited ICRISAT ('enter on Farmers' Day. 
A notable feature this year was that each farmer was given seeds of rel-'sed 
ICRISA I cultivars of sorgh umn, pearl millet, pigeonpca, and cickpea, with 
1iterature describing the cultivars and the recommended package of practices. 

Htaving reached the 15-year milestone, with continuing support from our 
donors and the (-'I AR, which the Institute gratefully acknowledges, ICRI-
SAT marches ahead in its quest to improve food production in the semi-arid 
tropics of the world. 

F.A. MacHardy L.D. Swindale 
Chairman, Governing Board Director General 

ICRISAT Governing Board Members: Starting left to right: P.M.A. Tigerstedt, C.S. Sastry, 
L Brader, J. Moncada, C Charreau, P.L. Adkisson; Seated, left to right: N.S. Randhawa, 
L.D.Swindale, N.L. Innes, F.N. MacHardy, B.K. Patel, W.T. Mashler, Shravan Kuniar. 
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Sew ;-arid tropical regions of the v sori (shsadod . N r O 's indicatC l ocatio n %,, here I( R I .SA in 1987.T staff Niorked 

4:i 62 

T, Cetr Indi 

1. CIM MY'T Mexico ',' "2 Cinzana. Mah '.. .." X. ICARDA. Syria• ( - ' L3. Ka mnboinsd. Burkina Faso 9. slarnabad. Pakistan\.4. ;ICRISA ISahelian Center. Niger. 10. Hisar, India. 0. Chitedie,5 . Na ir o bi. KenMalacia 
a i o r. In d ia11 . G ',k

12. ICRIS 7 7Ct e 

7. Bu a %% a b-%a \ vo. Z i mbh 13 . D ha r ad Ind ia 
14. Anaintapur. IndiaCover photo: Participants in a groundnut modeling w or!:%hop, analyzing agrocl-*m at'c data fre m ai u o pprdict crop performance. r t v t t o stICRISATICRI .- i. Center, 1987.i-h c i ..t ,r t h i s r ,,p , ) r * i s ?IR 1 NAf 1-\ l n r a ti o ri a ! C r o~ps R , s ca rc h l I , Ti t u c fo r t h r S"c m i -A r id lIr o p i- , ). l9 nS A n u a l re p o rt 11)s - . P a t a r c h er u . 502 3 2 4 . Ind i : 

For o tpri tt,%%, rite to: RC ,,er:\, ,,L.Priana 1aec . nter atL lI r ,p.Re earc hiI n-stitte r teSemi-A id rpics (ICR -)AI). Patancheru. .P. 50 -"32.4. India. 
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%lost ol the re e,,arch ill w as )c at l('RISAl ('enter, the IiiStitUtc'.s mainlported this \olIrttnr 

rCs.,irCi ailit', iII>aM1rtl-ccrtr;tl India. ita.uit l RISA I S."ahCliart ('Cnter it)Niamuy, Niger with
 
irmipurtant Contr i tr I ,ori ( 'RISA Isej t ists pttd ustations ill
-,aus at cuoperate, , India. illeight other
 
A.\I rioin ett tries, inl %I.ex.ico, S-ria, ant1 Pakistan. As a hacki'ro ,indto our restearch reports, this
illd 

scClIon prescnts a ht il dcserpi't tuilol tli h c rir f[lielits ard includsC, monthyI raintfall atnd t' rpera
lui st cati
[-lostlI ll,.
 

I ( lHl-; 1I' ( 'elter, Patau chertn 

I hL I IH I,, tlcd .,IS N. 7,"8l-near i t's iIt , h ata nchcru villape. Andhra Pradesh. 26 kn northwest of
 
II de : I Iha ,i extending over 140) o laj .l.,il types !,olnd illthe
('pcl inialtiI I'armlIl. ha intclud,:s tm 

emi-ari+d tIpie: .\Itisls,(red s.uih,. ,,,.hiIh arC light and drotght-protre, w'ilh an availabI water-


Ii1hitlie ,AI t (Aeapi\I 0a 0 0,lri,1 ;rid VCrtiSOls (hlaek "oils, which AWC's of
(II -l() have high 
I ,i- 0( r 1 S r xunct worl, o rllAct ', Itohf soi ,pC, [p)vide ui~pptiriltlitv to c ir llwrl o 

P'C Iinla kida L'1ops 1 l'i ti(0is reprcl i, SA l
,t(Ir iiri i.ll I mails it, 

) " ir 1l ; i li 'CI, Ii,'L' liltiClh lInu lil ; ilial dhw rlilii.I hl'i d ,l ,' t , o! ia. li fk lcdr _ld SCIS0ii, 

i l il,;Ii,Ill: I~l<+IIt ar;t.II, huiils mid Cxt s eitS ( )Ctihecr.% u I 0i lsll;ll i .IiC l IIr() i' M ore than 

SI) ,oI tilei1% ;IrI1,it lI;ll 70.1 uIl) i C L,, in iIit winch the raII 
arc Iraied. ' ' tL -)id( tillrurh V , also kroIrwn as the p)OstIllol

craIr I I i rei, e nIo,nitli.", dtIrinI) ed crops 
I liC. p>tttialil li sir(I Ia'rtaIu- .t er 

s ,(ourIi titht, 1" lrs 1.1 JI\ 0 1 illd M' 11(rt. lUirrri, til,period crlps call Iidastm', grown on 
tosiutl llmli iic 'i min until ralins bCgin1\mtisilm, , I lie lt, drs "i li\C. s:Ca( Ii s IChlkial, 

,
(HuIn . i l\ tIC li.i t Crll")irjl Ca\s I i(liih>, ' ikslijsir ir ii olit 

I( I..\ I cr4 >,Ili- ilne where
 
mtlld %kc ;Iire Iris. ri s dicr;mhaid alea, arc sown 


rops. I lie I)%e H c dlitctcrnt errul iiticiil IC(rtic:,.Clets that Ccteru 
55 the'. il the ptarl irrilhet arid grtorndnut oinAlfisols

diii n+._ ;irk tt th_,anus N,. soir: an.luit ard it the bcLirii:iu' e I( RIsA I ("cttcr, additional generatious 

ire t th r s a tirrica . siwr1 tthe buginning of the rainy',i (1i, "lirk;l tiiliC' l T, fI le'ri;i i. c!lierall, 
s',fs d ,tlm tin ",ItI i Is tj ,u hl tire p si',trai nv s'ua:So i pr \side aidditional genetic material for 

i\C'tuiie poIIi '0C 11iil il lu t-,nt,t i pietIlipcil iIlI )ecermbher. As inpr ,cram. saska i l.d crop 

I nl rl orIaciL I', ti . Carl .rtii ifie ('Cerle. tIe oal Iri i re o ),)I C o" CAil ll o all Alisols during 
l tithe ili sit;io crop, isiet'rauilV '-tr l ie_ h i ( I' l I tl ullri .( 'hiCkpia, ai sinfgle'-scason 


t r llliltu II-' li laii season n rII ,lt ll mIlIic tul Ver -tuls. i RIS. I. iv i norm al
 
't mu t lIl i ef,)il ,IsCtllirin'u)I
a[ ii iip1 i ce. r[pp'i i a l I'll\i is ll pi , rtir l 

\N e A ,irrial a :tirti I9 -KS, i>i';In ir.l[It ;1,tr> Iur. i urig tire 
t, "',a'..' ur wet, 

itrer. ll ., iks\ ge, R.ainfLall 
lltti',u H si, 2'4," e.l,,asrue bLir (),' ri arid Nuerr :.x,,cethptiorrill!vl pros
pel',.t I10 the v- ''-,ur s eiu 1 i i ; i I ilernperat i'res WeCli irill ,\\ctc u l'rip'l uler.e l iiH t1 iiinn l 
,,itlit o,the ;l uc tl :11 ltis.t Illio 

I ie,hcluiss-nsi\ u( rairrlrl i tr+ tttt Wt Lr shisiu, ll cd ulttmh , the( rtrn im-.:atcd, short
d iratitoi i ti.;t, Ilic si'r lhtlll st . per ic'iicd t stress. [OWlvrwe r. tHn suallyPiorll ' \. I ll iid ic , drru0h1 

rainls driirr, hcl Nu s J ltllelu ,., ,,"t0 uorlIer resrilr,,l l :1l il crop ,ilcId tor sorghitr and the p,_straiy 
sisitr I 1 "98( Chli "i.pea, aild the ilirt-ll I t jtiri pigxonipca was revived to tir extent 
th t nlitdro tht strcss \,as rcatS rih"L In ir'e ,rr. Wlater a\%gencrally adeiqlate bor pearl nilict, 
CxCLI)t CiUIig the eal pur t I l' CasitnI ti sirallouc r Soils. Pelarl iillet gruwth and vild (3.5-4.0 
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Average 	 1987 the pcrformance of breeding material 
Maximum Tem 'rature 
 under a rangye climatic conditions and 
Mininiunl Temperature - --....
.... latitudes.
 

R~ainfallri~ L:~: 

K(J 	
anal

45- ((IS.i' ('enter, ndi -400 Ananlapur(l 5'N. 502 in1 iailnll) aWRSA ener ndadrolghlt-prone arca. %h\re sc-ecn 
penil millet, sorg2hli. ailld titL loU lin 

tinder low ralinaill on \llisols (t\\VIlC 
5(i.nm). Annual rainfall in 1987 was 501 

30)0 11n belo ilk., l",
, ('e w ;tVCi' (C ;o'n 
soon atl ',lie 71 n i on 27 Maymill it 

30-
 ,,IIcrcd roin scverc dl it ht stress in 
-" CalI' ,\Umn st. hut rCe_IL'rtd to vield 

it o hai , lldliti, a 1.i, 1 1.0 1t 'Itl, ,i:, d
".... ,,00 
 hal peal millet ( tops-roiiiil. sown 

t" tileains (oi4 and 5 '\rit iIClded 

. etIt'r:I ' tt ha n1dtii t pods, 1.6 t 
hai
' 	 ,,, pearl millet Liain ,a d 2.0 t ha- i 

it:Hehtl11m.
.itc-sowsn sot btint sntffrcd
 
- (roni s revereternin il s i's, ilded only

1.5 1 ha i and hod'aed liilv. 'he late-

SowVnI pCarl m1illCt also t-experienced some
'ssdurine grai il t iti normal for 

0-I this staition. 
.1 P NI .\	\, I I \ () N I)
 

\Iolt
 

45- Ananta pur, India [400 
I nil ' u ne I'l\t d il lt N Mi\5 lcIC 
h t ' til tiilim'1"t' i i u s,1" itO3n
 
shlhII LI 'At' ic t' 
 ,
-<v li)cl ihonit 'l;i zc 

tl~tl.i i)'I ~ c aIlht' tiIii ! \5,.1', !t',i iic'(h -3[0
 

Ltot ':i!'[)()I I:1n1dltl ,t' le" ThmLn-i0 

'IJO
 
t 1 1 1i la) i i ,ri ;lill 	 1 

15 -"
 

Ather !Research Locatins 
- ,(o 

Indi	 

0At \ atricnlti i is''iC1 sInlIn 	 ---	 id(ia-,

l('RISA I has t-stihlihhCd stations and . I A N .I .\ - N 1)
ca1rrie oct, riii\)mit i c icsctlch to test M\ortth 
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IIth*ivanisagar (I ".N , 77 ' 1.,574 mm 45- Bhavarisagar, India 600 
rainfall) where wC CrlI .'rcahunm for 
diseahCC and pCs iNad tCS, pearl Mille 
on \ltiIolk (AWII( () mn, at a day-

Iclulih >innlav to the Sothern Sahclian 
liolimItic /oIn iC '\friCL AIIIIAnal rain- -H300 
l1 ;1N 10 2 11111).X.1' rh) C Irage.

-iI c lc t (dIthc ,ilu 'dII~ilnlail) 
-'- . 
a 

tell ,u ()etoher. So ,,hiriri (,wrn on I2 -JC--2"'", - : " E 

;md22 lue.1[ no.. ec ic 1c; icd( I tr"N / 2 
il ii t:il , ,)lN 'h-,Hk'L' Ldit M I1l (lulk -

II III(.' IL II~b I W u IIrn) MH . mtlEISI ..U 

IL .l\cd i w iL.l q) 1(, hl)Iib. antII,;ld -

i~\ th ',\11Ct14 I)ll~ ) 1 ) 1h-C'l!d S . 10. 

01jPF- 4 : t.1 l=MI A.N1I . A., S () N 1) 

M oil th 

451 i)harwad, India 400 

-300 

' -E" l)harwad (15' N, 750 [, 818 mm rain
fall) an cspecia lly good Vertisul site 

~ _ (AWH CI 0 mnn) for pest and disease 
.- ,' . -200 sorghum for- seeeiting, c.g..,sereenint 

,-.-.---. " dowIN mildew. [h leannual rainfall in 

. " 1987 was 627 mmi, 23V; below average. 
, Daily):I minitum air temperatures In 

*IJ uk were 4( Iigher than average. !ic>- 00 s rehurn crop cxperienced an extcnded 
per iod of IrIght stre,; during its vege
tative growth phase. However, intermit
tent showers later 'n the season pro

0- adequate wterduring the repro
.1 N ,\NI .1 A A , ( ) N I) d et i resulting in a normalce stages, 

NIonth crop year. 
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,ivalior (26N, 7l-. 899 inin rain- 45- ,alior, India400 

fall) an a-ca on Incclpiol's (AWII(' 
15) onim), where rlost of lndia's long
dtii';llIol pitCcolIptr' Lo'p is -rt&Wl. 
. iinnal raiin! all in I)87 wa1,481 nitn. 
.1W , b sCMatc. \', Aiilt .ol the. 300 

1(),.% lai:afall iI h(th ithw P : )and 1987Wd,)(I,, 1tc~d chickl+i.' x- L'3 )r .-.U1111t 111 cr(lp 

tociicnctcd (Ioiglt -irc,,,. howe\verU, ,/ " 

llm 'd I ( Id (d 11 

s+a l'tl It p l] int,',tuldI 15,II m k 
t'iltIII!, I( t d' th 'III, 

ike ~ea~or / -100 

... 0.~~I 

Ifisar (29" N, 75' P 447 min rainfall) 

45 llisar, India -400 where chickpc l and Ic;trl millet are 
tested under the Clinatic conditions in 
which tiev aie motly ''. nIand short
dtlirit on pIl1cCo t;thIalc teste d 1n ; 

2l10il whereICllL\ ncliiL1iwS illI\. hCiii, 
-300 gro\n in rtItatlon vith \',he It.I hew ils 

30 : are Intiols irmhh ,,",AI(.I ,()-2()0 nlm 
Annual rainfall in il)s7 2()5 111i1%%rwa, . 

,"t "'--, = 54'e h-loss ;ver; i ic llI>aira durint 
,' /, '., - .line to ()etoher ,a-onl 63 n +iN31.' M -20 . 

V- hclov. avcage. l)aiie inlxiilhiiln and 
c... / / ilnlintll air tenlrpCratiircs- in \Iay were 

0"('(' cooler Illn asClal,. [ he b)vlow
15 as ecra ' e rainfall mutresulted aicoinleute 

10) failurc of rainfcd crop;l.lcvcr. the 
,,,6;/1 It),98
87 postrainy -eason chickpea crop 

v ilwaaided by good rains in lanuarv-

NIarch 1987. [hle vuectat ye ugrowsth iloF 
the irrigated short-duration pigeoilpea 
Cl(p was prolific, nraking insecticide 

I F M A NI I J A S () N I) SlryI ng dilficult, and resnltirng insevere 
M onth dallage by ttCli<),t/1s. 
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ICRISAI Sahelian Center, Niger 

The ICRISAT Sahelian Center (ISC) is 
our principal research base for pearl 
millet and groundnut and the farming 
systems associated with these crops in 
the Southern Sahelian bioclimatic zone 
of \Vest Africa. The IS(' is located at 
L3" N. 2° 1: near the villac, of 'Say, 45 km/1 
,huthI of -Ii.experimentalNiar lbe 
fatr. extending over 50) ha Is cover,'d 
by redd(ish colored, friable, sandy soils 
(A 1 IC 5(1-75 mmn)with low native ter-
'Id tow organlic matlter.I\ and 

dv a .1T I o) St pt uIlwr t;n season of 

ahout 90 dav oltcil iludinc long dry
 
"pe i-. a gekcanuial rainfall (570
d Ilh 

imnn) aitNlaer'i.sire nlar and nor-

nimll% com lli- the loirmo :inctcivu 

stolillts. l)irii.e the dtrv ,a.cil'hatnat-

tan winds eanie,dust Iron; ,he north
 
mid cai oucutr. [lic tcltipcr'h tires ali
 
\\' ILT 'I) )1(tlllI and a\cl;lc 29 (. 

(rops. I lie main crop ylrrF'.') Ill tile 

Niainc\ rio i j short-duration millet 
(90Ito 111 davs uIiraiioii) which is sown 
\\it h il h ist rinl ti ,wards the end of 
.Ma\ mitil the end of ,ltc. Ic advance 
gCncrations and to! help ill seed 1 itipli
catin, an irIItCd 0l -sCason nuISter' is 

prown from .Lanttarv tO April. Inter
ce-opping peilrl millet with cowpea is 
coi;mon. (owpea is normally sown 
bci ccn the pearl millet rows 2 to 3 
weeks after the Millet emerges by which 
tile tlieraius occur more frequently. 

Weathter. Rainfall in 1987 at ISC was 
448 inni, 2!1 '. belowavcrageand several 
months were very dry. Rainfall in .litne 
andl July totalled only 98 mm against 
the average of 220 ram. Rainfall in Sep-
tentber was 37% below average, but 
October rainfall was 31 mm more than 
the average of 17 min. In 1987, late-

45- ICRISAT Sahelian Center, Niger 400 

/ 300 
3 

/, 
, 

15S 
100 

0 r- - 0 

.1 1 M A M ,I I A S 0 N 1) 
Month 

sown, short-duration varieties yielded 
better than long-duration varieties, as 
sowing was delayed by 6-8 weeks. Inter
cropped cowpea fared wel!, and both 
hay and grain were improved by the late 
rains. The late lains did not favor the 
developmcrt of pests so that popula
tions, especially those of crickets were 
lover than usual. Erratic distribution of 
rainfall resulted in a lower incidence of 
'trig. especially in farmers'fields, com

pared to 1986. Disease incidence, how
ever, was riot affected. 



BurkMn I4m 45- KamioinQ, Burkina Faso -400 

Kamloins (13' , .2-\, 7 16 mm rain
laln thle Sud anian hioclijinatie / oli, / 

where l('R IS\Is principal work is on 
h particulasoL \, 1him. emphasis oil -300 

.t,'/L'i rtsist~ii, atnd pearl milht bredice'.ihelengthi ot the cropplihp seaJson is & 30- , 
;tl l120 kl; v t ()IIIJunlc Jlui% to()cto- _ 

ihcl N \c ilher. Soryhuml , peai millet, ,' ,'., 

' ii,i', i I" I'pi. alt I o ilm ao- 200 " 

kpilic c.ll'V l epth (dl IIh( soil prolilc" 

M~cl lalcI ik 'a l!nlo u(. o 1211(l 

the n:c' ,i +,,I (li,'VIl ( tlith ils I. F 

0-I H 

7 dir lure h ~4Fin lI m. ' in iii ' elii aver-

a et Ninict\-i s p t I e An uait 0 I It 
1rlait;ill \ ; ; tac:ied illh1, i;ti \ sCasol J F M A J. I A S () N 1) 
t(iiii AlMI to S.ptcihc. Ihe Car was Moith 
[I'm I I','] h% ;ll[\-\] n ld wa~ l h 

tIl"s , lrci lllillp iIll l S v polt crop at 

45- Saluba, Mali -400 

, ,ffMali 

-300 

30- Sotuha near Bamako ( 3' N, 8' W, 1075 
7 1111i rainfall) -where we are va luatin, 

E differetnt crops and eropping systems to 
- " identily elice t land-use systems tbor 

-- -200. the Sudaniar bioclimati.: zon,:. llc 
,/ ' lenmth of thc cltippilt,, . tsolll is about 

-' - 141 days from May".lunc to ()ctoher, 
Nocilctr. Sorghun maize. groul-

IO0... limtl a pearl millet arC tihee riao 
crnipS. Soils arc tropical lCrruIgilOus, 
leached to liedrouimrphic types (loam 
and clay loam), wi!h A\VI-I(' 150-210 

i -0nm. The total rainlall in 1Q87 was 828 
0 0rum., 23 7 below a\c m. Rl.aifall in 

I M A I .,\ S () N I) .Julxwas5 ov':veragcmdinSA, 
.Mlionth tehlher .161,, below average. 
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(inzana (13'N, 6" \V. 700 nun rain- Keiiya 
Iall) in the southcrn sahclia hiocli-
Inlatic /one. where we conduct rc, !arch Nairobi (I'S, 37' [, 1066 mm rain
ol diti cent crops and aroflolllic prac- fall) thecenterolan ICRISAI regional 
tic(:s, asociatcd \, ith th ,c ciops. ht1c tct\\ ork testing s,rg,hum and millet inl 
leugth t the cloppill N aso!l is abouIt tout llajor agroccolngical 'ones: high, 

20 d!Ja',y IFta 1AUtJune UI to0 SCpte:mubrC inierniediatc and low elcvations, and 
() b:tl)(.Peail]iet, t\%plea. eronun- \ci \ dry . aa.dla. Bccause of the large 
nUt aiUd ,oruihtun arc the milaior crop" itl HUHinbt of netOwOr-k locations it is not 
tin, fegili. Soils ale ti opi,+alt rtlni- peltitctt hereto teir arocimatic 
iuoiul hulluits-bcartiag Jltir deta+ls..son11 tpbl[h c 

1t0Al!WS. anld ',AItldV hkittu, (.,\\A IW 120}

15) iin). 

Malawi 45- Clitedze, Malawi 400 

( hiledze (II'. 34.' 957 mu rain-
Ii) whtit:i oul Reei nll ( roUnd nut 

Impi\'ii n 'Pr ram o Southern 
ault I set n \tlica I,, la ,sd.(ihitedle. 
KIP ,ltL tm the I AwWit!I,_ c plain, has a 
til)i', I iCt iiii lct , inuute sciith Oile 
Ilaill\ ",Ca'soll Illtl () h.I t \ ++' b.r . 

3o
-

300 

ito %larch April. NI /c. t i),tu'€ . and 
!jrttuidiltut utic siu c ,I hie ittpolt it l0 
tClofl'I tf 1',1C ilCa. P l l~all (IutIIU thc + 

- 20). 
" 
+ 

t~i''tit.;~ ii)Nositlie I986 to :pii 
I9 I)\, 2a.),2 t;hose IIt' ! . 1lon-tClll 
i\%t.'lcC 93' Uit). It,)iritioI was 

p1) 5, iih p[olongc. dly ,pells inter-
spet' ,c't 55,111 cepU+oinallv heavy lpte

, 

-

\O/ 

, 
00 

cip;itation {"38 111111of laill fell in I)Ccern
her uid Jltuary), which resulted in 

\alouniill. 
l+td. 

Yields \sc lower tIalln n r'-
S 

-

() N 1) ,F M" A\ 
Nlonmtl't 

NI .1 .1 A 
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Xxvi ",Igroc'hmiittL vir,,''moot 

Zinlbabwe 	 45- Matopos, Zimbabwe 

Matopos near Bulawayo (20' S, 29 U1 
58X im rainfall) where our cereals 
improvement program for the nine Afri
cl countries of the SAl)C(" region is -300 
based, at %iatopo, ",cslirich Stationi. 30 
Siugitiix inillets. ifl.i/c. and cowpeas 
Mirc iniportalit crops III the region. 'The - I 
eroiWinc season is iroli Octoher, No
'cimher to March April. Soils range . 200 

EL/ t . 

deep clivev soils. kili \AWIii 1180 mitt. 
\innuil rainfall Septcbnher 196 to / / 

\tiiaist Il )87 ) \ s 4111 below average. W O 
I):1!\ air tiipeiri iire itSm Mirch were 6/ - . , , 1 
iiiiinim Iand 7 (ijiMmio)" 'Chigher - -

than ae.o' 0(Olsidcrinl, the below- " 

V r g ood at Matoposp-fFoand atmaniw0tile oiter 0- ' " 

experiment station, hI ced ic. S () N I) %I N .1 A
. I A J 

Mionth 

400 45 Tel Hadya, Syria 	 F

300 

, 3(l
'> E 

.,2 	 Syria 

200 ' Tel Hadya near Aleppo (36°N, 371, 
% 	 34( min rainfall)--- where our staffwork

with ICARDA on kabuli type chick-

IS1 "'peas 	 for spring or winter sowing in the 
I(0, \ 	 Mediterranean region, and South and 

Central America. [he crop season is 
f'rom November to June. Soils are deepred to heavy black (AW C0-120 mm). 

Wheat, harley, chickpea. lentil, and 
0o r- 7--1 0fIabia bean are important crops tin the 

S( () N 1) .1 IF M A M .1 J A region. Rainfall in 1986,87 was near 
M onth I Iage..ve 
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Pakistan 45 Islamabad, Pakistan 400 

Islamabad (34°N, 73'E, 116 mm rain
fall) -where tie research emphasis is on 
developing chickpeas resistant to asco
chyta blight. Annual rinfall in 1987 -300 
was 939 ram, 6I(belok average. Rain- 30 
fall from Ju ne to (Oct.ober was 27%j, 
below the seasonal average. but in Fe
Mary%rid M\iV was ILuch higher thanI 
the corresponding iVeri ,g!s.Rainfall inI 

.ILv was 73(7 below IvrCige anld in Sep- M 
Wtetobcr was only 10 111111against 'he 
a~lVerag~~e. 15 

01 0 
Mexico .1 F M A N1 .I A S 0 N D 

Month 
El Batan (19'N, 99°W, 750 mm rain
fall) where our CIMM YT-based breed
cr and agronomist work Oilhigh-altitude, 
cold-tolerant sorghurns and material 
ad apted fbr low antldie: imed iate eleva

tions in Central and Latin America and 

the Cariibcan. Bec'mi.se trials are grown 
over a wide area it is not pertinent here 
to give data for any single location. 
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'he]/t,ut.'t'tes~of IllOde!-II LIuIsp C Ihis,;Itt ,1 u tIlnc.!, pea, and groundnut, rid for six minor millets 
III c:toppinr',., yt, r p inI the Icplaccntlei rests with the Ger,etic Resotrecs U nit (( RU).ls ie1n, i 
of primilim. variblh lalldrlccs, pop,1-ttion c
ph),iI ad ,tlt licl (Sl Iic _ Ila%cild l (cS,',tCJll 

aIll been re isporibh i cod ing plant rentitic Germplasm Co~lection anld Assembly 
Ie ,o~ree,, tvilrh~e to lint. lw cen"eJltie. \\eatll i 

l rtld \\ lid lul\t 
if vpl;I.e;Ile. h i Iill)(lIa e cf en c rel-rti- err. :,olitlclr arId wc\ tell \fric:i, and Sollib 
,-Ill crop iroIProt IIIIt rInd I' ' the dCvelop- Asia, antd collected gel llpIaslln s.mn- cs icslllting 

loclt o n s tllt i H i) \\-1 ClrCONiitl. Ill_ill the atditi nofv al1a bble gerlplasi accessiolins 

l; la e, c',,oil itl crop plant" iS )t-ing 1987, we explo', d South Aricrica, east

we IICh 
colicctioll, 111t1i11,-11;111cc. cWIIIritOltI , e(t0,e,\rl- to lrle ene bank. We orga i/d I0 collcetic o 
tl i1. 1+ .c'lIlitl itoI], Ol d,istr ibutio ol IMdlis a Iions StlrnarjesiC, Il these arC Ie-Ce.rSllie brlel 

I ~ ll o,' ,0uC c,if ;. lifi priol tite h\ clp fill po0 _ed.'Iis also gave [is Ianopportnrtity tI, 
pH)\ cllellt HI11;lu , 1tt1011, rOtllld tl,_ world. Ill obserse a, first hand tile "cliltic diversity, arnd 
i( ' t,I the rspoOWsibili. to hlI(ilL th',e the .. tcnt of geetic cro,5,011 ill the afrcas we 
'CrlelAI' CresilTs atiVIieS 101 tile lila;,ate explored (lhipA.I). I he materiad coilected is well 
crop: ,reim. pcarl tIlilltl, chickpea, pipoCl- Ceon ,lsed an(d evalhlatcd. aIrId being dist'btltcd 

IFigure I. (ollecting peurl millel gtrniplasm during a severe droughl in Karnatakan, India. 
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4 Genetic Resurces nit 

to scientists around the world, whenever we IBPGR, our major collaborator in West Africa 
receive requcsts was transferred. from Ouagadougou Burkina 

Priority areas for collecting gerrplasm ofour Faso, to the ICRISAT Sahelian Center (ISC),
manda(t crops have been identified based on Ni amy, Niger. The office organized joint colle 
their representation in our gene bank, threat ofgeneticet-erosion,,andii-a~iiabe-f~r~e tiojn missions in Chad, Mali, and 'Mauritania.ti Eiiijmiias iven to collection ofjermplasmi,,,, 

... .. Ig? igi pf--iI,7 fgern 

genetic diversity in the area. Discussions witb the :from the drierzones of West Africa because of 
International Board for Plant Genetic Resources the threat of genetic erosion due to desertifica
(IBPGR), and national scientists in source coun- tion in that region. The collection missions were 
tries have also help.d determine such areas., launched in colla b oi ation with the national pro-
Priority countries/areas where germplasm of grams (Laboratoire le Farcha, .N'Djamena
each crop is yet to be collected have been deter- Chad, the Centre national de recherche agrono
mined, and germplasm collection in those areas miqueet de developpementagricoie (CNRADA), 
is progressing. Kaedi, Mauritania, and the Institut national de 

During the period under report, we added ]a recherche zootechnique, forestibre et hydro
3940 new accessions of mandate crops to the biologique (INRZFH), Mali. The Institut fran-
ICRISAT gene bank, thus raising the total col- qais de recherche scientifique pcur le &dvel- ... 
lection to 87 494. An additional 606 sorghum, oppement en c00p~ration (ORSTOM) program
649 pearl millet, 48 chickpea, 222 pigeonpea, and at ISC participated in tihe mission to Mauritania. 
399 groundnut samples have been harvested A total of 424 samples of cultivated and wild 
from plant quarantine fields and released to us, relatives of ICRiSAT mandatecrops were col 
but are yet to be registered.. . lected, including 231 samples of sorghum, 107 of 

The total number of accessions assenbled to Pejnisetum spp, 3 of, finger millet (Eleusine 
date for each mandate crop and the number of coracana),and 83 of groundnut. 
countries represented in ourgene bank are given 'Aset of all thc samples wasleft in the country
in Table t. Countrywise acquisitions are shown where they were collected, and duplicates will be 
in Table 2. We have also assembled 6457 acces- deposi'd with the base collections for long-term
sions of minor millets from 42 countries (Table conservation. Samples of sorghum, pearl millet, 
3). Wewill continue to collectour mandate crops and groundnut are available at ISC and will be 
from priority areas. Our collection efforts in deposited in the gene bank at ICRISAT Center ( i 
India in collaboration with the National Bureau after seed increase. Samples of wild millet are 
of Plant Genetic Resources (NBPGR) will also being analyzed by the ORSTOM program at 
continue. During future collection missions, ISC. Working collections of the forage and tree 
more emphasis will be given to wild relatives of species used at ISC are held by ISC/IBPGRior 
our crops. - multiplication, evaluation, and selection by the 

In March 1987, the West African office of Resource Management Program. . 

Table 1. 1CRISAT gene bank accessions in 1987 and to date, showing crop and number of countries 
represented. 

Sorghum Pearl millet Chickpea Pigeonpea Groundnut Total 

Accessionsin 1987 2205 937 371 216 211 3940 
No. ocountries . 15 4 11 16 7 39 
Totaltodate 30277 19085 15246 11034 11852 87494 
No. of countries iii :,;: ,.; , 87 42, o ::Of ~ountr es :,,,. 3-: 7 :: : . ... 42 -: ::. "3< 41: i ". : " :,: 50': :7>"5 , : ? 89-3:' 9 ,:7 132,!: > :i ,:3 ,'. ;V,: 
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Table 2. Additil% to I('RISAl germplasm collection in 1987. 

()r II I solgIhIIII'eai I millet Chickpea Pigeonpea Groundnut 

,,\t cita21
 

lmlumd 45
 
( alvlmc 3015 mm 727 

!c,ci 3 1
2all- 130 
n\ cc 3 --

ll i-2 -o/-

k \ 80 1udali 


,iitlhn \ ea--

Iml/aiat 3
 

['Llmtda 633 18 
ccIIn ..\mab Repubhic 563 

/airc 29 

/n lhmc - - 5
 
A.S I , 

Htll'gLid(esh - 2 6
 
I(il la 248 190 321 64 8
 
Id llcii ia - - - 2
 
ian - 30 -


ItalI\ - - 7-

I skikin
ltl-]
 
Icoh.pI'" Repubhlic of China 163 --


R public of K orea 75 - 62
 

Ia Vifl I - -

Soii, I Rcpubllic of Romania 7
 
I'K 3
 
1sSR 18 5 -


Y %ia! -go-a 


1)olllillic.l Republic - 24
 
(IMMM - 21
 
.l,-it - 37
 

elli - I
to -


St. I cia - - I11
 
St. Vincent - - 2
 

!SA - I 
\cn1c/ a - 29lI1 


( .N IA
 
Australia 13 - 2 
 -

I nl nown 3 I 

lutah accessions 2 2(15 937 371 216 211 
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Tahle 3. ,Addition to the, I ( IS..V minor rmillets more. 'The viability of 1674 sorghum, 729 pearl 
coll(etion in 19S7 and cumulative totals, 1976-1987. ilet 3698 chiek f~ca, ard 2651 grondnut aecs

- sions was tested. All coiserved seeds are regen
,.-\eCSSI, II (' inuulatie cratedl when their viability fails below 85"1, thi,; 

Species i 51987 rtal \Car 190 sorglhuni. 61 lcail i:nIllct. 484 chickpea. 

,l' ,int,(11 7_f aid 4oI rou d lt ICS' ion t%.i, ie detuified tot 
itii tt' miflc) pinuiiiiidlitc Ic!i ll tiol . [or helter day-to-day 

.cturtuWn/fl, 52 i 380 gcne batnk tatnimneent \t. s'arttd using a itlero
1111,1w to( ixafl corliite i stoot a id ret ric'c scd viabilitv 

/I~ll, intl !mPlwiu( cl)2 74 831 d'"ta. 

( lot) m illet) 
[aGImii' r 1tl - 377'lule ,t' 

(little miiMc ) 5ermplasin EvaluallionL:]n, +]z],(u' , !p, 582 

haunau itiillkt)
 
l);L /nlm I l, Dltltitg the y ;atotal of 27 613 aceessoio
obi n/i 526 uear. s wverc 

(kh) tuille) sown at ICR ISA (entIlr orI It ll atliol and 
-..---.- _ _ _h ealuation I liesc iticludcd 7.520 sorithllmr. 5697 

Iottl 894 6457 pearl millet. 4310 chick pca, 2256 pincoripea, 

5794 grtundmit. and 10)50 minor millet aces
siots>.."tc /it t tt'tllttel t sownSee l rdt ii _eeesi(o)ns 

-wecr tete, hv lhvgtinii vihiloists for the pres 
(ernill)iasI i iri !ilic ellccc orh It U , n-,ie tlic ctivni IIi-.lirked irniiIIrllo

sm~hu-l l :t.'.;v IS.A ) tIchi iLl_'. 
Out maiintciMiiicC act i\W itinlulc d tie lc usc- ()it c ll/ t isi(c I tlul; it, e ;ditation pro
laitin o: 1 ( eo)t ti,,iilt\ arid 377 wild rdlatiC'li, %vitli NBI( R [i-,it ,,ss td futher \\itlh til 
0t1 Ottl itnaid1 it ' ip)s,. Allh 10% i 1 nii " Ilet p)oi itriclut (d I( 1(,I"A I ant N13)(iPR coordi
e-'t ', i i;H1', t i straiyi utei ,.. \ niectilnu tct,'cs n (11I 1 aid NBII ( ,t1 d it lthe n s II;i 
I able 'h.I ; i , b Hailit' , alltd quaiit\ st,\ 

Ckl( )V-'IC liii th!. 1illr )CA f 

S d ii)itiylt heldII In ia i i Ness I )elhi il e'llabora
int ltui( ent'tIsuC tic .,ik plins Ior 19X7 8X wcre lirralmid. 

c c neritplart n ici, ', ;ttiii+ e fu'urci I 'rlldendthi 16 207 ;ii ace,r ,prLv)iart, geni .
tiit 000t().3).' I I a h tc uitmtll ic COSt- .1o1ns %%erC 50\th dtuinu 1987 lor evaltiatiot it) 
c:ilectite .tibttiuie orclruiittitit te ., htthathe India (lable 5). .julit (R I NlB1G work-A \(i 
euL ,cittti;tl paper ncdiati: thtt co,,t 40 50 ' shop on gerpilil.il Ca; tiot; in ,rtili/ation 

will b field in )ctiober 1988Iat I ( RI SA I C'enter. 
the continuation of oint perliplas cvallla
tior, in coilaborttilon with N11P(jR will provide

Falile 4. N ui ler ofgeriil)lasitiacce sions grov,n inl olnmat o l tld t c rf orm anc e of o ll atelt alfor rejto'e/alion a: Il('lP !S., ('enter (duLring 1987. ifraino .i efraictf(ituictiin different regions of India: this, sill lacilitale 
\o f I)Ctte itili,:itio! of the asi%liblV diVersity. 

()mr rcgiorual arld riorltiloeatiotal Cvaluatiolntu- 'tit --W ildii-+ .d Wildrk iilin ,,frica progrssed further (lablc 5).
S."ehiin, (,i5 1 202 tnder this prorari.l, pearl millet. clickpca. arid 
Pe.r-! /tlkr't I062 17 pige)inipea gern ,lll acccssionS were e\ lalted 
iiukpa 1927 22 in Africa, details are igiven under the respectiyc 

19l232 76w rp headings. Illfuture more Cmphasis will bC 
iirdilleut 5794 60 ngivento Icginal germplasm evaluratiolns in Cast

trit. southern, :and West Africa tt identif' matc-
I til 18 322 377 rial suited to hosc areas. 

http:gerpilil.il


'lablo S. Col laborators, locations, inundler of accessions, anid ipe of materia Ievaluated under joint 
e,aliation prograns, I 99" 

lot)NI 	 oca o 

I;,;ih il l 	 \B '(IP,. irlIfa IIichu, 2000 Phlpcitc cld-iila ci

MNi(R. llldtal Akolat 99 1%laj liil m Ill d-,cawill
 

\I GR(o. ,, \!i,apur 	 (h1ntrIIIC i MR]4577 	 l ill C.g1c.ii n 
pl'o~t+lllk 1%f'i[ c',
s'
 

1]I 't,II IL VT~'c l 2 

\H1 I .. ndK, .\0k1a S1 "dh.ct ui1m pla.1 
S \1)( I( NIP.."'A i ",,, 1996Iu19i-,I,, i ,iiI)I(nheal e. 	 N Itt (. I iii .\oi,a 2000 Ilii-i I n r UCCCSLia,, 
I.1.-0 :,.r Nh~loula S70 Caicr'(o I+gt'trlllplaslnl

111C t'(I iN IN l11111 Ipcbi Dk3 yr ilM 2000 iCcic *IclcX' 

" ckpc:'(I,. i,I1(h A+\kola 1200 lcrd Iniii2-ati iriiiac io niS 
\ 3lPlG(t. (;,alor l.oni-dlratiilr'cccisio ps11111;, 	 1200 i 
N l i R I )ndI, It,,ta I 1200 I lig-d tIIa oin accessions
PI'(!: I mid lt)[Cl iit 1033 ,";electud Itcccssioqls 

AINe . 1 thlo~pil; 

IPeotljlea 	 N lP}(1lk, IkJa sapuz 
 3-50 Shot t-durlationl lcce-ssioll's 

\,IBNI' Inrdlt o]; 300 Medfilim holg-td IIatiotl, grain typesR. 	 A.\K 

,\131,6 R, Italia .filliar 200 Iong-d tt'i tiir, cgcta bit types 
'N I-IR( .Kcm>,t- Kattlinalli 500 lorig-ifuratitm .,.cectabh t~pe 

Klhoko 500 I oig-dL uatiri, vegetabe type 

( i rIu IIIIIIII 	 N BN' iR, Ilt .m+JkIll i .SClCCtcd accc , lrsm li 	 1.500 

IPC3 ,.IndIta A k ,l.1 1500 SNcctcd acce.-,ioI, 

I IPliRR i L111,1 ,'i 1 1h),1 A.grriiclIurI l . I U1cc /cit.I lI t(CICht RCIOt L , AR RcNL'dch ( ' lIWt 
2 N"IlI i \,Mi: tr, mhlim: cmr, l !t Ik' III .im 	 II, litc 

Germplasi I'lnhancemenl 	 working to identify less photoperiod-sensitive 
pigeonpeas. 

I here are a niinlhr of isances where the Interest in the use of exotic germplasn for 
c._':.eti",tce, itwsclblcd ti (ilt dilferelnt agro- crop improvemenit has markedly increased. 
LtTIhi'ildI ICiphm l i, not -,I1tni.,iblc to inic- Fxotic genetic resources differ widely in their 
diatiicltill/alioil I .'itipi" arc tall a:nd photo- capacity to contribute to CrOp imllpvt. ent of 
peltid ",Ceii\' IaildracC,, of Nor!huiin., dint this capacity ,also depends oil their ability to 
pho.dpeiiiiI-Nciii Xc piel~tlnc;i. Inoderto us ftccly iutercross with indigenous or cultivated 
such \\ide 'cenCtic ditCIai for clop i;npro\c- gcinpliasm. At (;RU, we arc attempting to 
Iiil. \kC IlCd t o COMlti hs gerillplasII to transfer usful genes available in the wild species 
inoic use ul forus si thut itcam hc used in breed- into cultivated ba.ckground;S especially in sor
in piorls. At (il i, kXchavc an ongoing ghtum, pearl millet, and chickpea. More empha
soitutni introgrcssioi progrn and we are 	 sis will he given to the ,tudies on genoanic rela

http:C.g1c.ii


tili III) l PiaLlfl.So.Attlill) \o that its %kildspecict" croAA'5 accessionis to vi'loiis discilines 'A'ithiji 
c:l!IL h:[Is i'"(-d lit "clictic unliccnct. l R IS,\I (Ill, 198" 

III adIitill to) tile 10 59! ',ainpf~Cs suippied to) 
scicnl.i-is at (R ISAA ( clilcir, 336052 samnples 

iChttio \%(1C)wccsIlt to sc lsiII! 1Il mi~and 2(0 809 sami
pics A to tfhs' IllII ho LA()lllliric,\ hb 7).

I lit Iickpt. l lildAAI 1-cI lj)C;l A~LTIII)lhtiill td~-I Il, \tCii. \%C. \\tltI I tlC sLAl to) 1 llistcf toA IB ts-
CLt I \ 1' AimillA I( \t W'ACX (11 I) 1"' \Ct n \ll; ;md .\Illo\l II I tiltC sA1 ri'llilliw L'ciifI

liil! \\ II I puldilslo-diIll VI(,A~. IlIcIl IsA IALAIl ISA)t( .A I t !!tf 111lil A) )A iiiii2 . Al-

CA IA I ( S tL11111 PC;1 I llALullI A,- d A IA' t'11:11 lI liilSill CAHIIA)2IdlA!A l;i A I[I Ica IA AAWi 
millo.I. II!Il .I II il I II ' ).S m Him Ill lIlo >1 CA Ali HAS I tA \ ill,11cm at tile Ii mic 

(d '5IAAAI AlAd I )' A A l l tl id 'A)) lhillll tIlii L'tA111ll Illl stocAk, hll) tile woA lld coILec-
IA I *"I. ,1AA )I 5A II I .. A .CI('. !I Vppl [I l uA tI I A I 1 All 11tlic hAiillsk.
 

M IAlIULjIII>! 
 AI JAllAAIlIII 11 i )I thlt I AtLil
 

IA AlAAI.) Ii . Ah Al - m i
, IY pI da lit)LtA(A' 

At'' AL "IAAAA hit lw'in A)IltALA MltAA tilo Sorghi!4 

\\L A)AIAIAIILA/AjlA.I~i~t ~lA 'cc fi ll,(~t t~l~l \call. .1-10S Il :icAc'siAolis \%eiC aldded to(1our 
Ai~lNihiitAIIiAA AkilA:1 tAAt Al AJ' cCA~) LI ollAli retit hillil, Ilisili.! lIlt [ail ill 3(0 277 (1ahlc 1).
 
Ill pl Al) 111 (mAI AiAl(t IAAA)AAAAjI)A. 
 I Ile IiS I':t'A1')0AA Z AFIlICA b\5 CA IICCiIAAII 

(t'nuplasn I )ir)ibuiioh ill .1111%lIQV- \k(- AlIA iA!L CAlltcljsll C[I)C-
AIl i AAI . ll"m i At'l S l Ill IA c'A l iit; lAll \\ fill 

ImAt IIAZ I('P ~s 'APlA lii tile HIt'151111 1111I11- Njlsl A.'lltlti (;iA nl liclit Aol 
pkl' Il ihIA IAA cl t.I AAl )A AIiC Ad li I I oA S iA l iti . St AA il Illdi Ii d111' \St'SA.'t 1 I tNlt al 
do.1t il,> \AAA). AAA Ilt', -'!tAC(l tIm dtcjIiblc pIlts Aof ,i)III~II II C A)I!) ICAI Ill tile Ihji \r 
ta I;[,, I )i At A~clllA llit Ilso.) Ill d piro \r1 ilit .1liIll hir ~lnc2 aG ( I o,(iA I .AmSt- 'SAIchc IIC, M idd(II 

LI I, ". I LAAlA 0A 25 1 'it AtIll,. i All ofA)liocici . lt'! i i LIII likS I. 111 ils. 'file nil i v of'I 

Ithllt 6I. Seed ,arnlpIc's s~lfpplic(I to4 R( Crop PS~I(f'J in 1987.rograms11 

S t))pIIL PI',11! 111111L1 ( ickfica IPjip-A' paIJA 0irANAI Allill ullui l tliull 

I'll J It I .32.1 39I 118 3 6 42 910 
1'AIAAAIt46 3143 1 280 521 368 20164 

FIAIAHtIAAIA'A)1 (AS,17 -7 60( 92 0A660
\ I ACIc )AAAbJAACLki1 30  - 41 
iIdtltIIMII)L 2(02 908 552 132 353 3207 
Ii tLAIt'I t 1 S 19  1 103 15(14 3 2981 

I IA ALA~ltt ts- 5 6(0 65
I Lll~~I32 -- 3 35 

(Itl~rs5 
-5 101 

Ittt1831(0 1672 3(071 2258 1280 16591 
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Table 7. Germplht:sm samples distributed by GRU,ICRISAT, in 1987. 

Crop 

ICR ISA I 
('cnter 

(I) 

Withitl 
Inldia 
(2) 

0t her 
colt ries 

(3) 

I otal Sampo, 
dItrihtted 

(1,213) 
No. of 

cotlivrieS 

. )orghttt 
P..rl millet 
Uhi.k pea 
lPigeoipe,t 

(rottttdttut 
lilo totllets 

8310 
I672 
3 071 
2 258 

1280 
-

13 070 
8047 
4 W63 
((47 

4993 
I 232 

6046 
3001) 

6405 
I (13N 
70 l6 

955 

27426 
12 728 
9)339 
5 543 

13889 
2 187 

28 
12 
16 
24 
14 
9 

otal i 1987 
(.umulatiO tottl 1t (t] e 

16591 
40650) 

330652 
171 1O0 

20,809 
195 098 

71 112 
773427 

"t tn', -teollcccd hCe!:t()!wtw 'tcc )tt, a lld ,ic dtoutLght) stresses. Ihete iP cotln+idetrable vatil
hoti-dt'ratiot tvpyl> tf; :ti ' ;i) lot)itl 1)0 mtil perlcarp olol l )i tc I ,dl -r-humts,sutch as 

d(I\m+)w ilt Iotto I lt ,v.tli 1 le 2.). lu - Chalk\ white, pearlv ,hit, s.trtw, light h"owtn,
L'l1ihn SCcit t,1 i(M e t t lhvItct iWI lot brow. ligh) ted. id. and rtclNIh htowi. Sot( .cl ,.;tptc 

hoth rajit uttd 1),ddt .votlv", ttllichi h1tlC gh ti sanpll co'lectet it rctt'lns bordcritg 
(sMitt horcr. (" /lJht)pIfI,'lt; ) i bttlv'IivtMet ii l K Ir+n IvItget illdtrt.aa ntd thio)pia a ic Ii eitl 

glui~re 2. (ollchiii., shiort-<hrali,.n durra sorgltUi lf'drace, in soutlhteru Stomalia, .nlY 1987. 
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sims ill tin: PFOA Ill I )(t'enber for (Illaralit accessions tduo vueE: xslced hy N 1W6, R, W(RI
ilistietinil andl w~ ffci\C 1 ile inelude 2 : fmiii tile 2000tes'alliiatd at .hihpnir di-ing
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use in the millet breeding program at Maroua. P. divisum, P pediceJ.atum. and P. orientale,
 
The search for new genes continued. As a while 5x=45 was observed in P. vlosum. P
 

result of screening 16480 accessions, we identi- squamulatum, and Iwo subspecies of P. polv
fied seven more 'glossy' lines. We found that stachyon(polystachyon and setosum) showed
 
t"ree.genes control gloss ness and -assigned. the.___ 6x=5_4--hromosom .
 
gehe symbols gl, g 2, and g13 .Studies showed a showed the hilhest chromosome number wvith 68 
segregation ratio of3glossy: Inonglossy and no chromosomes. , .
 

reciprocal differences were observed. We found . We identified a spontaneous triploid 3x) in
 
that thegenes controlling purple plant color (P), P. hohenackeri in a population of 28 diploid
 
long bristles (BI) and trichomeless (tr) are inde- plants and conducted cytomorphological stu
pendent of g], and gl2. dies. As a part of the introgression of useful 
W, constituted a large-seeded pearl millet genes from wild into cultivated pearl millet, we
 

germplasm pool, and studied the genetics of attempted 103 crosses using two cultivated acces
ma-,sterility in male sterile (ms) lines developed sions and 10 wild species, and obtained F seed in
,
from Ghana and Botswana germplasm. These 62 crosses.
 
lines were improved for downy mildew (Sclero- Both passport and evaluation data on 19085
 
spora graminicola)resistance by growing them accessions are being entered into the computer.
 
in sick plots for three generations.
 

We initiated studies on the genomic relation
ships in the polybasic genus Pennisetum(x=5,7,8, Chickpea 
and 9), and pollen mothercells (PMC) meiosis to 
determine chromosome numbers. In x=5 type, We organized a germplasm collection mission to 
2x=10 was observed in P. rarnosum(Fig. 6). In Madhya Pradesh state in India during February 
x=7 type, 2x=14 was observed in P. glaucum in collaboration with NBPGR and Jawaharlal 
(cultivated), P.violaceum, P.mollissimum, and NehruKrishi Vishva Vidyalaya(JNKVV), Jabal- j 
P. schweinfurthii,while 4x=28 was observed in pUr. The mission resulted in the v~llection of 157 
P.jurpurewn. In x=8 type, 2x=16 and 4x=32 was chickpea samples, and with this the world collec
observed in P. mezianum. In x=9 type, 2x=18 tion has been further augmented with twin
and 3x=27 was observed in P. hohenackeriwhile podded, pink seeded, and tuberculated seed 
3-.=27 was observed in P.setaccum. 4x=36 was types. In another mission, collaborating with 
observed in species P.mecrorurn,P.cenchroides, the Institut national de ia recherche agrono-

Figure 6. a. Pachytene, b.diplotene, and c. diakinesis stages of pollen mother cell meiosis showing five bivalent 

chromosomes in Pennisetun ramosum, a distant wild relative of pearl millet (bar represents 10 pm). 
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mtiqtc (INRA). Morocco. and the International 
Certtcr fr Argrjeoht oral Research in I )rv ,\rca , 
I('ARIA)., 122 chickpea samplcs werc col-

leuteIM in) NIoroco, hos t of\which were kahitli 
types ([ICi. 7). lietc lare-sCCdCd, twvin-noddCd 
kilhUli type, and tie dei tp.\e- chickpcas Irorm 

at i itoi wcrC also ol intelret. 
i L 'IlI C bei icesicfC, 1vC 1Itelank. ,xe !,\ill I/C I 

dIIIill' i t' yea I lahh' I . I II+s Ci (IcludL 
-iillph,, (d Indian rIii, 1lo iin Ir an, 7 1i 
Itaix . 5 lrnli t.SS ,. li slidcsh.IIllaan! alid 
each li itllic lohiiut lies I I ahle 2t. threhIth 

nLe', ;lditoii,-., Hie p xLcilt clikpea hlIdinr! in 
th ,2clic hInk I52.m sioii.s ,, 

li c\';llum ioil tLd1)3 ; ml,, ninltyx',cc,,in b;w 
1( 'RI.,..\ I a l(A\l'!iiLtirr 'l l.s-a,'ll te c r. 
I )c1he i/c' tl:tipi 

(.'1Iin Ii I( :i Ol, i 
I I t'li ith-c i l:w 
Incilloial letL in 

is ,r,o (hlCd in the lcitili-
,' ,u,rieM nr AcCCssiMIls.IL'illk 


.iR itildl( LI( SAlI uirilti-
Ili ii. xxL cx :lnatelm 1200 

LTcec',ior- each ill AkLi. (ix', sipui + anlid.. aid 

lPalanchcru. In the test at (iwalior, crop pert or
oancewas very good and five accessions namely. 
(( 148, 327, 1034. 1083, and 1341 snrp.. xed 

yield levelys of eitherlof the three control Icultivars 
(K85().[.550. am( I 10)w-i Iltlsthtdvt0 . This 
wk will he colntinucd inl tihe postrainv Scason 

X987wvhcn a c\,.st of .,rnpla,,n accessiolls 
he c7 a1 

A t I(RISAlI ('cntr.11I I 0 cIsions wCrc 
11, ardil seeds, of 20()accessionsxcrcclharzicticr. 

rcitevliated. M otrit rill, of Ced \lahility con
tin lucdand wc identifiCd 484 acccssions that 
shl\\Cd 85(( .xernrirati:,ol standard tmt rc
ixen.atioll. 

I hcelallrtorUs shoot Irtllitti that \v+,idcntified 
r';olllpr ellies n,f ('hialasceds -trcatCd\vithclthyl 
incthianc stilphonratc (:MS) lpr-\cdL usfrI l i1 
pathol unical, Clti niilDIL ic if, ,inciaid plhysirrl 1l 
Sttldie's. (jCnetic ,ttrdic rvcealed that the gla
hro ti clat iactcris'c is !"mcn cd by a single 
re cssi\ve tU.R. A eerIe SYrirl h l aI )poosd 

lpea glliiphi]itS 
dr hitrecherche nigronomiqt (IqNu . Morocco and I(A iR)A. 

ligure 7. ( ollectirig ch i .t i .\orocco, iit collihoration 'ilI scientists from Ih Institit naiti onaIl 
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for this trait. We also CmilpIcted inheritance stud-

its on a natur,llv occtr rirIrI polvca rpy :ttllit. 

Iht twvin-flo'cr pc'tincles, polvyca~pv. and other 

associated fcature of ttieC muttant \vcrc lound to 

bc he. plci(troruc (It (t! rvcessivc
omc 


\Vc\Vc:c. irtpoeda wiC ',\ribl t' 1 11hi,, 
chlia
tctcti. 


('s-s \tU 1ik. r;n-lc'r resis(taice to
ole t 

ll huri t)' 
liii le1i to kihiuli h1k-:itl.ilit I- roc'-


('1ic'", A ire r;scd rid lhIif ecrr;rrii, will h 

te,Icd Ior r10istiie to lhC disease, I IXtinl Uccd 

rintairt ', itI Ihick isaiolcs mi tii iilltocaylv, 

.a Ltirstl t III inanattlempt to 


hot1t' I,, il I/ t'ififei disca,c 

C tH'. 


ti i lr Iris ciaalritie. 


PIi llpea 

I)ii1 1ii2 \'clddcd 216 newthisclr, aceessiois, 
1.1iiI'I th, t tal pc'ollpii ,crrnrplasrir holdires 

III +it !,lu" Iha l,, to I i()W4 I ihlc I). Ili new 


hn
,rtee;>ic.o' Iinlr~*, L1ctth' from (lirryarral. 

.Iaii tl. liia. I!!r. Vcih'ii ldurii{ I,1)81 

Ial)k'Ic2 11"., hId CMi1 hi
pie onol rIra 


I C'1i,,,, t Lucaciii ard -17iii 1 
sjre'i i<',.. Ve rccised 15t ,,alllpie ii Frlilailid 
limltlilclr.'orii yrtiiire cleircu. Vc 

1 lte esotiC iII 
Io releC ,a lid ileClasCe. I liheCsC\cr rcCCi\ed 
i eillt, r3 rtccssitii the PI ()L,,\ 

l ,Cetl 

I4,11 11t;1% I_. KCn)i' (30), ;iild /ai bia (1011. 
Ihi S.ir. C'cla;lr:teri/ed aid rciruNCnrated 

924 ii_'ccs, itts ron 7 conltrics, irrcluditl 13) 
iie\'A tcessionis Ii( iIlra il (10), (i iisala (21), 
I ridia (26), .laiiica nKetva Vrcnc/uchi42). (2), 
(311; 1 t Kietl11'1rPii I31. arid),lin clpetd ;it1K dc 

t( I IA+ 511 hII,l iairiri 7<: riccss!orr+! 
,crc rInse wilh inlreiiiplClc dahta. I"tI: 1 this 
\ itIar. fsariiiWi w ,t-daiiie_ h\ Ilt h,'ariuur 

,/ no[7 I. TCIcCr/i arid pit horcl ( IlIloI/lti. 
.n'muial, An e this thetiL.vee. .ini! alfctu! 
recordire of ohsc-\ir atioti,. Several pielitinar> 
C% iluatIlii are in rl)torrc.Ihs ieinclude t set 
o 16 nrediuni-durtiton acccsions with dtsirahle 
agronoric traits, 20 \cgtatfle tvpc, with high 
vield potctntial, and i sct of 16 entries with high 
biruuiiss potential. 
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We rejuvncrated 1232 ac,:sstons, out of which 
644 were accessions, \%ith low secd stock, 365 

,withgcrminal iol stitaldilrd bclow the critical 
lcvel, and 223 1t \, lhch there is h1ih dCmand. 
Wc rciuvcnatcd 76 iccc-siotis of wild S.pccics for 
scud increase inI the botlanical 2arden. 

e\Vctontinued the prelininatr scrcerrri agarist 
photoperiodic iiSCIsi\hItv, aI)d Outl o! 528 acces
siOus sr cned lduirigql)(9 87. IL vctC found to 
bc lcs scnsitivc. I)iing 19',"7188. a set ofl 556 
acccssiois will h Srcrenld. Utrdcr cxtc'rtd day-
Iclnitl conditiols, 26) alccessiOns1 11%ce scCCned 
during 1986: 87 aid 50 accessions were idcntilied 
with little or rio differerce in days to flowering 
compared to the control. 

\V prcviously cv'aluatcdtl cI t WOKin:!collection 
of 10(0 ltrgc-scedtrd, loi-ditt loll accessions 
at . : riumani iA Kibok in Kcnya. i lit this 
triatl of 51M1) was characterizcd ata so accessions 
thtse two locationsldurini, i98687, in collabo
ratioN with the NatiolAI l)rvlatiL ilariirIg RC
scarch ('entrc (NI)IFI'), Kenva. Katuniani lies 
atiabout 2S latitudc at alialtitude of 157(0 In, its 
iI\acu; aiiitil rainfall is 659 ri), ovetr 64 rainy 
dav.s with ycir-to-yrvariationbemtwen400 950 
tom. Rainrifall is himrodal. wit h pcak s i April and 
Nuv\cirber. Kiboko is located I30 krr sotihCast 
of Katuniari, itabout 950-m elevation. Kiboko 
isiiuch warllicr that Katlnruani, bt the rainfall 
flal
terr in both plices issimilar. \Ve jointly idci
tilicd 63 accessions al Katiliai, aid 51 at 
Kihoko mih dcsirablc arr orilrnlic traits aid 
local ildaiptatiorr. 'hie breeders at NIF)I-RC are 
Cvaiit;Itilip the yield potentilt of these aCCCSSiOns 
11 ic licated trials at Ima l IoLtItiorIS it Kenva. 
ICRISAT brecCdCs slCctrl 39 uIcsSi'rrr, aid 
tiCSC are being \';ihuitelahd it R 'ICRISAT Center. 
WC Identiflied scvcral acc sions with such sle-
CiC trailts i, profuse Ilowering arid podding, 
Ii_)c pods with lirge anrd .precn seed(+s (Fig. 8), 

Inlh rattroablility, and high hiorMass frodtutioll 
9). 'hese are being pui ified by breeders at 

N I)FRC for further testing aid utilizatiotI. The 
agronotitsts at N )FRC have included the high 
biori ss-producilg lines hi their trials in 19X7/88. 

hlIe passpoirt data of the newly rcistered ac
cessilis, characteriatioln data of 1986/I"7 rainy 
season at ICR ISAT (.Center , and the 1986 87 
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I iurv X. Ealllatini (ifeastern. Afritan pigeeoni,; 
gernphlsin in Ktvni,i, ,Jne J 7. 

lfig re t,). IPig ,ojnea glotl) p ,, hich ire iiisi' inuch in 

j~ointl crplasil evalttatiotn data from two loca
tis in Kenya arc no' a;.ailable ofl computer.
 

The photoperiodic inscsitivitv screening daa
 

,,onIcs,,-sc Itivc acc-sm:o~s from 1977 78 to
 
1,o 37 I\,c been docuented and are being
 
cntere.'d into thc computer. hesceed distribution
 

arid passport data oti wild Spcies have also be'eun 
cliltcrcd Inlto a ulliCrOcoullpUtCi. 

G(roundmit 

the year, we added 211 accessions from 
ye\en count rits, thus raisi ng the total ground nut 

accessions in the gene bank to 11852 (Table 2). 
'I[he w addtJitiols iclutdCd 130 accessions fI'tt1 
NI ll that we collected dtrinIit! 1986. In addition. 

denlld, ,ith )otenlial for high biomass production 
iuicll~iled ill NI ) /R RISA 

/ . 

joint pigeotipen vatiuhfion trial, Ka1tunnii, 

,. , q e rXm I. 
Kenyan, June 1987. 
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(,tcm'hIio v~ n .( %14'10 17al li 

D)uIn'I~ Nla\', We oht.aInCd 701) slunples of wild 
(123), iand eUItIVamW0 (.580) pirolIrndfuts roil,11I CJ !r Ia t II. II lx 1)CI I II ' It S iIIo 5)cIricImI I 

S~chev le ISA Iie~ e ls~oll" were part 

JI-I ~ It pinH il co itll till p41511l 817llm i AVilliit, Ill 

it'.11111(-\Cnim~kI oI ilo,' 1;d all tiit 2987id 

'087 1fl til: pl~t1 c till~c MCidll expet t toIll ( aIv) 

itls.(iWj (' : o h 8.p olN t.I)tl111 ,,*misClImilS fuile ilM 

I sI f~rsIitI n it fill 280 (1CC?/HI~ Ili 1Ydaslaotu it 

ilk). t iS~rlihll. till Nottt. 111( ii (l 

litli 


CIII. I CIC~lli ( ilhko -1 illdo h iiil./roooI iojriamoirh p 

I Sd II II I I Il I i ~[lI I iiHouctfiII II R111/SAii I l Coflth7IiiiNoeo 

i I ill 105 .FN 1 t 'It) A/ I?11)IS It Israh em l to kt111l CI' cal ie2 8 

IlaI po 4 ill ivaCS Blra/d.\ itC .1,01," kl l il."iS))W 'Clsdelm llity n lt e x ac l h 


10 tS Cloirl ivc tilt to tilt- (llit nti mo tl v!' 


ii~~~~~~~~itA 4
1i )1 N(I I I . Il1 ICIi1C held 

\1- 1(,Hikitli IS'_Y" 11(1 PMkk( )[I'llIll tlilainla I1111l(1 Cfilt,01) 

l~aiuilultktIthl %\lilt~t 9t6 coltolllol withli tlstl 

N Ielit he"-( her.fN ((ctt (It e 1 8 , ) 5 .llitiho 



(utr collaboration Vti the NtBI( 1 R continued 
and 1i)0 acccssions were No,.\n at NIP(i R 
Icigii()ial Station, hIllhpu. and 1500 acccssions 
at Akola (I ablc 5), Il; iin c\'liati, II()\\-
cver, the trial at .Ilhuflti koilcd dtic t, lack (d 
rainlall. lhc uisnlts Of tlc trial at Akola arc 
eiCin.! l~r,1ccscd, 

diO-sceti id 
11)3N ,c1 cssiois tlhalt \o.ctc hl c ,'d ill M atch-
.\pilact lotu l. 3) aicc,,i0i cn, to ,s) 
/,Ia.%,ci:a'vit i a imiiftlc\ pricod cxcccdinc 30 

\k,'"A !iiiCd 11W illtaIC\ 

'l\a,. I heI c Vill bc oClil in bic,till s lol-
dliatioil e riittiit Ceilti,,is %'%,i'l!cli-Sccd 

iii , ',iiicc this!avois lie proleh~m .d inIii 
,cci inoat i ill rcni r i Cic ialli, Hii\ I OCIII 

the oi:l,, 
(),(. 59)0 iccchois,, ',eic supplied to the 

l+ i it i'lif colihoi,,!i\c 

ds 1i 1in1 I', l .'l . 

chicm , i, scrccnit! 
al ifhJI ;oiii pm,ti M'i l iIII il v "-, I I fiesi t, 

s a,,,s 0 Hi:i s l, 55.1' 
oil evim t iaIlI Y 4-.2'; i ritl cit icontent 
ill tif tl itt1 nl,'l I lit -c ssions that usav' 
illh- lii.hc't,\allict oc 1( (i 30s7i Vith 551 oil, 

i . i is i i I ,i, tm IN Ittl 

(i %ii i sici i 
'i,,ni,,5,h1h int ,isoir sitoil and protein, 

;t I (( 3 .. pl_ I lics c iccs

,1 . ld Icd to th1w i i list Of +'rotflldfilt
 
e;uncti-c k Issr tili/atioti al dist ihntiitu. 


\We dii ibate) 13 ,N').sa:tlile+stitiring the vecal
 

I ahics 1 awl "). il ltidin, 125)) samples to( 
i(' IS. \ I sctitists. 41)L) 1to cictiL ts il India. 

and 7O(1 to ,cic tisis, sliutsidc Im lia. \V ,stpplicd 

aiIital il dIonc-OfhPacecesioiihs t!oscitistsi in 

",ia i bc scrccf t ui n tesistance 1t) pei stripe 
%fils" StV , il a. collabMati\c r)oict hCtwc 
the (c ntri Research Iistitiit lot l iod (lops
f(C 10 1-0 , limg.m~, Indonesia, Austraflian C'cntic 
I m h lnc [rn a io nrat A\ r ic t llfa l R c hc a r,h -

A l I. and lI('lR I-,\I. 
\\ o:Colnplcl cd c( )IIpl-tcr i/attionl Of pas,,pOlt 

la imI;II dc.s-,ri ptir sti I I ( 0 accessions. 

Ila)ita it 21 cvuli iiatit [ descriptor.s itrc l o of)t 
ctliplttic 1w all a lRitl. il data ,t21 mte_ 
dcsctiptors a being citlpitcricd. 'he seesd 
stocLk pIlsitiOn (i all tleC acCCssiotIs is also avail-
ahlr Ott conputer alotng with , =d distribution 
dotta. 

,Minor illets 

\Vc a.,, .ciibld 894 new accessions of three crop 
,pccics o' minor millets from liruildi (10), 
1,cpnblic od Korwa (125. ljanda (577). ISSR 
(I). and /imbahlc( lXI )ditringthcycar, raisntt 
oIt total cne bank to (u457 (table 3). Aoldines.\ 

total ol 1(00 acccssiOls hitx crop spCci s, prosto
 
otillct (834), ailr yard millet (5741), foxtail millet
 
(1103), little nillct (271. tinci m illet (55). and
 
ktin millet (131t ,,crc ;diiatcd itd ricitivctiatcd.
 

\Vc ,upp!ieid i 190 mccsstotin to> NBPGi(;R fll
 
(\illuatitoi:tt Akola. India. Wcalso supplici444
 
accshii<,s tO Nigel 1, 192 to Republic of Korea,
 

)) i.00 i 


brccdin- fto ogila s. I , lit\\,) t Iillct te 's
sions. i!:2247ttd l F292'), scnt to /ani have
 
heen allf ,,.d io lrercicast, it thai co ntfv.
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SORGHUM
 

Ihc sorghli n improvement prgiam extends 
acros' the scmi.-arid iropies .SA 1 ). Regional 
resptmihilitiCS aoe dcd ccIcaldix tlleoilt 

PIeriii at l( ,I A I ( citer ii Indi ;,,i; .
 
c- ieh tetii> hall-f cd IIIB th l ;t Iail ( \\L.t 


, i \ti
.Inic ). li i lxh e Ailtlicilji. I 

lc,, u1C M tv Il, hd+ ,t.iii.\At l hat+wd III 


K :u1, .1i ,l .. ' rl i , ll , i ( LiIIhIiihci 
11 Ci , I ",IL I I,I I i Ilk tIi I ht ,,d III 
I , '\ A.5 thT i l%,til uI; i Ictii ,,l K 

hiti 1 
il i( 1 I) N I ( iiei ' l i,> a l 


,

lit\t+ ixi K t l i ii1!d IIIII',Cll t ' t iliiatt 

tl t it 0!c ui, iaLl 
I'i I 

Ilitl IA r iel'kt' t i Ii i.t;. Ill ti ii 

; , l ''I Iilittliu l i itilC I 'A i \%lith.stii 
l+, ie uct+ llitiii l li~ixiiii' hiij ' \i,l l'oiCtitail 

ii.hLC itil L i tixeli i.litt li i i - tulutti ii 

ill m-Icl c , L+-rc"dilli
d.t a+r + t: Bt. illi~tcl i~tl , 

d.c'.,ch~lped h , IIhe l1Ilt Pl;Ill !lit' l Ccc tk- IC l ( 

tlic, ; fIl"it \ :iii] i( l *hp, lli ltcd iltl 
hi l iitxin plit> t, h l ! it,\ tetic 

itl iieCtIi\ ksi :I[iCmisie i '1anll ii cxvri] 
CtoilIIIIIC o0l i. .'\iIt'a ( e 'uIi I \ililca. 
NIeC\i-, anld th: ( 'ail 'C\:. \sxcu l 
I( 'k ISA I -bled Ct;iltix+ams, elesc ] in1 1 7. I( '-\ 
112 I'\'l75)4i7l x'a ieeoiiiiiieiiited releas, li , 

ilt All Ind,1ia (iCmit]ntcd Sit, Ihinliunproxc 

' "iii ilu'e 

lileilt lolet (\It SI I' ll I iIn intiuN c it 
wias r-le.ased aS 1A\Nl-I-\I h vthc i ivrJxit\ 
(it NtcIle I lo ,. aid It hrl betn proposed lIi 
rcl-tie in NMalawi. l)t' i,, o.thc R(1K IS:\ I-
bretl material lti xhatreleased ii Ilt)S,7 at ii cci 

ill tli, replort. 
Recaichi cliph:,sis is placed Ofi liccidini Im 

acceptable crop cstibliihiectt ilmunder hitiditlo,comn 

of lcat and llr(iighIt str 'C.I ,cap)e to i l and 
latc-+easo Str-Ss,' and ilultiplc ICistancu I') 

insect pests and diseaseclic results tron Oui 
sti'dics on the phvsIlilical iSIs (d eot\ Ipe 

d ift rcnces, in their ability to emerge through 
Soil crust and resistance to drought, will greatly 
ttllance[our v[oil Itis are. AlthoLgh we haC 
dctcrmninCd that llavan-4-ol i tssoeiatud 'ith 
ntold- -esistaits tOurcc used In the hrccdite [)lo-
LtMll. wet. aic vet t traii -I I!Iill tltOld resis
tillit , Ml) 11110 -+vi lin, ht , c I ot Y1) C.".s 

f t Iillalm p[ru llhicis" Iii I Li l 'Let! 0l hilgh
' iI
oieldi !ih, ilidvh le ctold itjillx Ofl t,.rlitnlil 

>tix.l lfihilii, tlt] sulixt'el .'iltiti Itoshoot Iv\
 
iitld ,teIll h rciu. lx i.e [
xVral iliid_'C-isista lit 

C+ii t la lioxco IC iIllLI)l ' stable Isitlcc 

Ve ts it ttiLlie. I l ibililY O liisi] l',i, ItlI
noil ueiici tteliiuii:t l to i tlt llisicl Shoult fly rcsis 
tih 1tl m vtii i ( ) etllltix ted .iillhllll is i)Cnlg,12 

tetl. <Ciiit't ic.ii', iilatetl OVCr I0 ','C S 
,li'S' thu;t the ,ltiei;itixt. N,-lix iu mi : ltl 

Singilie hali p lenlhcl iul-impcldit ( ) ll pllic )bi
0l'21ll l i+)tdtJ('tit~i. trl uhd Ctllphalil , +t+ ( )Il~ W S Ild:

thIM lItc otlt'tl ~i ''lt availabllii- o 

lii West A ica.i n t)ella l iln limkina lIasi i,
 

k.lils cuilti',ar, aidapted to) the Noithetn (iibeedinI! 
I /Ine wthitIaItItiial rainiiall between 9f)0 and 

120ff tiii. tild is devCloping curltiars lt the 
StlLailall /olne where the alllual rainf;ll IsI 
(0t0 1111. li Is ccotibility of idaptci (:)I!
tIx aiw, to the pa alsitic wced .SItle Iietnotal'a 

cilltills at Clitis prohhin acoss \Vct Arica. 
.SI'I, amdi. ;ICSA ,Ill gcnotypes have beln 
idel ttitli and l('SV 11. (SAR I) has btcin 
Il toiiiiiiCildCtll tClcasC ill India, but thCgcuct
is ilf Ic staue. icrillaill" poorly uidcrstood. At 
I( IKIS,\ I (ecntei. xe+hiaxe assieiiiteth theelIlects 

l ,mlsil fctility and water dclicits ol the lproduc 

tlmt(o ttimulants l.\ "Orgi1hiii roots which 
tii'll ci Cltniilati on .1trwa seed+. In Wcst 

AfIrica. irt u )it t row n in association wit It 
Sorellutl,iit iprCsSLs .S11!,,\A pac kage of culIIl
ral practicCs 1t rCdulCC tile irleilCRlice of S'riea 
gc-titINatioii inl ilteC,Cd flds i, bcingdcVClIOpcd. 



our pn'o imIIIn i\ordi' ca at , 
r'', that l acilitates di,tt il',Itiill"hto.ioA n ol
 

IW R I.A I hl,_'.dili,nal ia l in thc le.pion),
and
 

'tLI iii' l Ieih It2l II'2 1;-t T 11111 W R+.AiIt' 
'', Ii~tl, ttt'hli,)h)2;tt..,lot..Jt iU,itI( 'JU..,\ I 

to)na;tional;) 	 .I:it..
ayhctltill;)l j(-.k:llt h f 1,\!:i

in,-, 01 local 	,f ll i';Itl hal)tli, itV iI htiL.'t c;" tI 
AIui,", Uetvork,. lit 15,7, ,At' oi,!*;t12/,d a2 ,holl 
Col ()ltt'onI M-Tt(!I)IodtlICLl1()H101 ll It!; +!(!'ll 

"o.'iilllis,,.altldc(dt h.\ ()\%cl 	 h oI)t l'l;ti ',I'.lll
 

13 ct20 iritcIt' li tit' Itploni 
Ilit-' 	 +it [;Ill tcl inl
,o~lp lin l inllIpi\unlll'j lo llII 

N 1 1tt'll 1I;I a ha'.. i>,i) 01 1 oI)hi stV'lilt' 
Stu~lu hu!m pl+ lilltnl~d tu'.,u;Uch c.+,;ip , lo)I
o~l 	 hilil
 

5,1"r Ihf!:: 'L )\,t'ICI tI IC i I 	 I I11II : N:I.';, IIIi II2 hI(CIfi-I' IIlCi i Io '12! tC'IIIih: ; :i II. i IsI I 

Il ti lI .tL1' 1 ' l lllt lo.,I I-L.II t I.Ili.I I I 

CuII()tI"t; 

t Ill It, I 

t's t!tltlijII . 

tlc(t'iHl I 

t',C+iI II ',I.I I-\. jh 11)C,,<I IC I)) IIII'I.\t. 
t Ill itt-i i h h2'- tl ii' 11 1 II ')' tjll 

n ip ' mt',( U. 1 .'111 1 Il) e iiMlh ' . db, t' 

t '.'dIlh 'lm 
It t )heI I i. I i. i a I, 
cit ISt I t11)1II.I It: h , I1( 

i CsI i l11d11n',u llni t 
ICrII itst V .N't+'i 

,
+tli ts I I l 
ito tt. "t'ii t 

IulI it ItnIuiti 

1,, tlit 

I 

t 

1+ t I i l liil l,. 

'i ( it' t t 

I011 11F ( i I It' I :11t1 I 
11 I IIr i(FF IIiMdIlu 11,. in II ii is 

I ,o t 1 I b 2A lids CUP iIt 

ItIl: ' Cl,t I illt, I Iilt'tii,iIs 


'. o-tII,'iSt'.' hoF.'lrll dlt ti.
t til 


't' (I I I llX 	 "It_'i itLIll-,t'\I at't rltl l -M h 
i-
i+t' ltl'.,'),ll HLI ; )', 'C \M ,III Ol al', 

;o i lthh(ip hhiaid M ).,?)(M m+U)ll 11tijJ')ola!l&I'., 
(W() [,NOO 1)t I fl +cl,,lil,m I "r)~,[yth<d 
 'v',-


(Lill" Itoira+o',+,)Irtt,hllI%ic~UhU,,! ll)o fli(i+ 

u',tfhi,,l,..d 1,+< +.', +I ,

',' thl Tu
1:11:11111.2 
WI SI\ l--1m11 [.lill!! a t) ,.cd .... cliltl\:) ',l 

t'-lua'wd in d wl~i<o I \(11 m (.1
,u- l. I tl1,1%L:,,i 
200)lnit(, .~u h~',C1 k t I Iht\,,hill ltlI (Ci lH lH;1l l ,%% 
IM() 11h;11tX i 1)itl i lho',t\. itl l(Wa ' )t',-1t 
,it\t. ,~+ I. c.cmicimirhd tha~t lilt' Naltio) ad 
Ili)! mil+"h ildhtc)m tticciI ilUnp[!w, UU! (hi,, 
I I t) , +hI1 11 1 1 ) IlWt~ ;[!l ) i ICt , C',I)III iIII 
tha tCan imttt I I)(',I ]HCdI~1\ In Ihe ]tiC.;iI'i1,. t, it 

larniLL',+ h( H!I( has',.' I 	 ,+
,.S'-A I i+it)ltmin 

.,'t~_d t + '.! lill'1111PI)\uMCH
tll 	 l
It~t IC11(d]hi)C.' 

'
 
]') ()t),t'l',+i't",~t I nl Il1',;Ik l\;d~ ,,
\,,lit'tl 

Ce'nt I itoItilt h.' I lht_"t_ al:TIcIJoll oo, .olridluill, 
im1p ortanlhi. 

P h ysica l S tresses 

D miht;ilt.
I)rotught 

Seedling lmergence through Soil ('rust 

HIht elfect ofI -oil crust on s cdliinp enicu' ce 
vaic', htt%:,cL'! vc+'llot.ypcs. %\"(-t_'m>l ed( [lie 

" - .r(owlti l i itit-ll lcspon, l t.'tlut-Itoci.Ir 
''-l _!c..(IS ' a snltiv,' olic. HIS' 1760{}54) "Wlh 

1 t I 7oi C31C. I I I I )(h lilt!' I ih lt',ul(ir'A i~Hi \' Ite.nh t l7 ~ I.R i 19i I ,Ci11), ( 7flIt) 
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I )a \,alter so\ieItI ).\ I I )a\5 alter sowing ( I)AS) 

Iigure 2a. lne course of ir)insls,,accumullahtion. !. Incre ie in plumule length of crust-resistalnt (IS 17605) and
Slnsilistc (IS 23317) sorghiuii seedling% from crtj,t and control treailients, I('RISAT (enter, summer 1987. 

NIidsetlson I)rought %,lost of the prolific in the resistant lines 
aCCln1utite(Id When le;r-watCr potentials (IWP)

Proline A mcuniultion :anid)rought Resistance werc lower than -2.5 M Pa (Fig. .1) this low level 
of IMWP was not rcached Iltile susceptible gCIO-

Wt' nuslrcllcd the prOliriO levels in the t w dungIe iMost 
yotigcet. tlllv Cxpaulded leavcs ho' a colorilncl- culllited alter plant growth had ceased, there
riC ficihod iI si s lghili etlot\'pes ditcrinllof - it(Contributing to plant productivity during
drou,,it rcistaice; IS 22_380. l(S\ 213. IS stress. 

tYpesr rought. of th,. prolifie ac-

Irt lierore, prlIMe tnadC little co1ntri
134-11. and SPII 263 istaut; arid IS 12.179 bution to osimotic adIustm eni. However, there 
and IS 12741 uscptihlc. wifc.i'.-ctod to wkas a high correlation het enthe levels ol pI
Widw'as,t Iru.,lli <es,ulcr iheld comditiMIns line (Ir: 0.8 1)Incaslred at the end of the stress 
I('RISA I /nnual Rep 1rt 19, . pp. 24-27). period arid tile iltcdiatc recovery of resistant 

l1tl1 e l ps icCliitliltcd Icessud ,,elot tlhan 0.5 gellotypes following rewatcring, suggesting tlait 
it ul)esPlifie ,i( m\ illas" ilitdcr cltrol Coll- proliie might have a role in the immediate re
dilis. WIci ulnhechtd i dioliglt, meall pro- cov\etyv of plants upon rewatcring. 

M IIn (Of tilelife lCsc e licase resiktant g Onp 
were4l. 1imoles (]\,rv lassI (iitlge 21.1 64.6) 
in cotnrait to tilieilw leCcls it thIe sIsceptible Terminal Drought 
group (mean - ; I i) 1.5) 1lie high pro- 1.2irang 
111C leveIs ill stiressed phIfIts Oftile resistant gcIO- Root Growth in Postrainy-season Sorghum 
types returned to the level of the control plints a 
few days attc' the sticss was alleviated by We carlier reported tile relative importance of
watering, nitrogen- and water-deficit stresses on the pro
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lHgure 3. Rltlionship} Ibeli, ten "or.ghlllll hur pr(,lint. C<}lltllnrtionlls ( ]) and crop groiNIli rates (.A) with leaf
1P}. I lit n.ega HI v %, q I~m1,11el lpolentials {I\ alut%n}fcc ro " h re'li men! hass (4 dr.) ,nuffera"l lasence of nesi growthl 

ven'l after rclea,,w from s*,re',, in stacep~libh'- -enoi ptm. IR RISAI {'t'ner, snini~ler ONO,. 

duHCit t of1 IWS. r11.tV-,C',OM~l1,0!'ghtLlul ! 'I(The most si!-,nificant aspect of ld.c differences 
SXA ,nnu'a! R.epo}it 1980}, pp}. 27-28). As wc between root !; stcws of' crop:, under the two 
foundm little effect ofl N added at sowv.ing on thw ttcwitlnts was the distriluton o}f RI.I) ait vat'
to}tal ,ssonal v, atcr ulse under t,.rinilt drotlglt ionsI dclpths (Fig. 3). Plants in tile I, treaztmlent 

, the p{ seaso{n, Studied invatri-hlh(!Ujinj! O A l n we tile showed higher RILI at a depth of' 
effectI of hoth N :tatl \walci {irrigation) levels oil . I20 n at all stge"Aogri fillngbtan those inl 
root glowk'lh during gr~aill filling, tile 1,tl ca.tment.'.Th rcvelSO was true for RI.lT)in 

Ni~tren ard watcr lcxclsdid not signit ica [t 1y the nicar-surfl.acc soil layers (0 40 cm deep), as 
affect r'oot 1mils dolingglrill filling. Phnts seeml thee layer were wetter in the 1, treatment than 
to disttilbt~c the saine anotnt.s of Mry matte to in tile 1, ticatmcnt, especially at the beginning tof 
the roots+ irrespective of stress conditions in the f'lowering (65 I)AS). Matximuln water wats ex
postrainy-season. Iloccunlike N, soil water tracled during grain fiRing in both the treat-
Icvck: signuificantly, inflhuence(] the distribution of merits in the lay~ers between 40 120 cm. In these 
i oots i tile soil profile duripg different st ages of layecrs, the R,L1 increased, and subsequently 
grain filling (I-ig. Ufnder oth water regirncs, decreased f~ollowing uptake ofwater in a particu
mecan root length density W ,D)} decreasecd with lar laycr. Roots of plants in tile I, treatmnent 
age. At all stagcs, the drvland 1,,trecatment had beinip drier than those in tile 1, treatment, they, 
higher R l.1)han the 1yi-rurtent, which received differed in root growth and senescenced earlier 
two irigations bek{rc tlowering, than tile 12 treatment. Thus, although tile overall 
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Root leliuvih dciisilty (cm cii 1) 	 SF for depth 
0.0 0.2 0.4 0.6 	 0.0 0.2 O.A 0.6 0.00- I 	 - L-	 _._LI 

a. 64 1)A\S 	 h. 79 1)AS_ 

40, 	
- - - - - I - (Irrigated)


40 -. - I, ( l)ryland)
 

I -80

120-	 120,I 

40-
I -1!),,S ,
10 	 d. 11I S. 

* Is
 

-	 SO-a¢ 

120) I 	 1620

160" 160 -J 

IFigtre 4;.R{oot leng~h density at different depths in (Inyland (1,,)and irrigated (12) sorghui crops at four stag~es:Jl
a. 64 i, afier04soilg ([AS),1).79 )AS, 104 DA ,mid if.118 l) _Sduring grain filling. SE!: for individual
 

dellh are diomi on IIherig~ht, all othtr SE%are Iot. han 0l.03. Verfisol, IWRISAT C'enter, lpOstrainy season 
1986/87. 

differences IIIthe Inean MAI,)between the two screening for root-growth characteristics. These 
irrigation treatments werei- dama will also be used for modeling oot growthbarely significant (11 
•0.05), thle temporal ,variat~onI n thle root pro le and w aer up.ake. 

is very significant and should b~e noted while 
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\Ve tested 25 of our best drought-tolerant lines 
illfour count[rics of the region. Superior ,elno-
types across lo,intns werc Sepon 77 hulk Va-
Mty, N1 90322 M 91812, M 90812, M 90322, 

791 2,"46 (I ason) 8( I 5058, 01 27952-1 
91057, and .\ )(078 withl arani ac yield of3.7 t 
ha 

Plant N utrition 

Veictflar-A r)usctilar Mycorrhizae (VAN'I) 

Ialli (i-, pict wnieimwith pcarl iillet have clclrlv 
indicated that nrvrhI i/a aid." bett phopho-
in> (P1)ntpt ttl ticki.,pno ,ph; ,rcir,,and 
fl~at cllicieneicsdi) ttt;t~ lili/;r stlailsveol 

(\IIIIIuala p,l I .',, p. ,9-901. \Ve u hcr 
pul il m. ( S'1I 

I \a tlttirl 0ocil'! t dlrlcvtllt \A\NI 'uiusin' 
5(I, areidilte'at rIr ri,,k phwphattc inli-

tes>te t Ii, 'lltwiD ,l nhuil 

citie l thenIcati:ctticire',, ti t l;tliII! plant 
t Ilh ,dil,.,, li. :t. ',/cIrttt.., r \%/:Ie,,th', 

the tti,,,llwi( lit ( 1-l..a,'hot dl ma.ter 

pJilt r);til (G. rib,'/ ! ; as Ilthic e ast clf cc-
I i% .9 a,sirm01 11 oI I( - IitcIt( ll-'(. wu \itc tI ; plaI t . coIIpaICm1pare)d o lw1toInatrct
tIn isIr tiirth r U :-i1i i tier ieies/ ( 

pIlit Rarkirr,', , saic VAMNIlurnal---------------.r). (d I 
triteer r I+] t (>rled e a r ; itt np ea l] it lhi afidialnrl d -I ~l 


oltlt
dili d ailpltciihly ("( i.r\ I \rir,:l R .-
i t,, I f.)-1 I),5, p.237 twhtieh Wlidi-10-1: amil 

caic, s,oellicity Ilt thrc lostl"'lop in teris of' 
cIt\ III ,.Ii;rlunl ottait! I lp;tike.. 

I-i; ,our :rials it l . il,ht ,trghun ecno-

ty pe, it icheirhct V A\NI e lo i/ atio nand better 
abilits lr rcspoid tt VA itiocullation werc 
selectCd. Iheir CValuaItiort in VCtisds hCpe<d 
idc tily 6 pro in cril re, til 3 genotypcs 
I(SV I (5SPV 351 ).IS 4769. and ('.11 5. These 
genrtvpes shov('d asi"iiricurt (1+ 0.05) increase 
ingruin mass tllr ino lathon. 

Nitrogen Uptake 

Wc studied the intcraction between levels of N 
supplied as urea or potassium nitrate with irriga-
tion levels on grain yield, dry matter accumulIa-

tin, nitrate reductase activity (NRA) in leaves, 
N concentration in plant parts, and N uptake in 
sorghun PJl 218.K)uring threesamplirgs done 
in lhe later stages of crop growth(83, 91, and 104 
l)NIAS),L otal dry matter, N cottent (nh) in leaves, 
and total N uptake increased significantly with 
the application of fcrtilieir-N, and also with iiri
gations. The mean specific NRA increased sig
ni icantly with the addition of fcrtili,,ctr-N over N 
trealn,s without applid N lIable I). 

(irain yield marginally increased with the 
application of lcrtilicr-N above 40 kg N ha 1 
and with irrieation. lie )urce of' N fcrtili/cr 
had no clcct ol any of the plant parainctcrs 
sludicd. 

I ue, results shw that sorLhunr SPII 21X, 
c'rown during the postlaiiny scitsoi, produced 

[able I. [ffect ofdifferent N a d irrigation I ,
eI ov lotal dr. matter(Tl))(gpmnl-), total N 
uplake(ingiplant-'), N' ein tenlhi taves(<. nd 
nitrate retluctlse atlil., (in tol N(), eill-2 leaf 
hi) of sorghuin S 'll 218., (RIS..\T ('enter, 
postrainy season 1986/87.1 

1, 75.8 
2 79.3 

88.t1. 
S. 

Meanl 81.1 

(V ('i) 


N20nlni 
4(1 Nit (2(1 N.lcari 

r (I 

tiy jitrmrv n tt (gnphirit,p a t : 

8(.1 ,).3 N"S5.3 82.6 
90.3 '1.2 98.N 91.7 

1()0.2 99.8 103.2 97.8 
±3.40l -+1.70 

90.2 95.8 95.8 

.
 

6
 
lotal N uptake (img plant - ) 

I 552 607 639 091 622 
I, 500 692 838 Q02 732is o 653 858 915 1125 883 

SE i38 ±19.1 

Mean 568 719 797 906 

SE f22 

('V (,.) 21 

('oninued 
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Table I. (coniued. 	 that flavan-4-ols may be associated with mold 
resistance (ICR ISAT Annual Report 1984, p.22).

IrrigationNirogen (kg ) 	 e further investigated the role of flavan-4-ols 

IeXC1,2 0 -10 IN0 120 M ll in mold resistance in field experiments during 
-----------------: , -,-- the rainy seasons of' 1984, I985, and 1986, using 

-..- -. . . . .. . .cultivars belonging to the following groups: 
1, 1.06 1.12 1.01 I. 1I 1.07 whitC-graii., liiokd-susceptilC, with testa (W ST++; 
1, 1.13 1.34 1.52 1.41) 1.37 (cultivars IS 2433 and IS 2516): colored-grain, 
1; 1.51 1.00 I.S7 2.10 1.77 n1old(-resistalt, without tesla ((CRTI-; cultiVars 

S1o.00u 0.027 	 IS 14375, IS 14380, and IS 14384): colored-

MCac( 1.23 1.35 1.46 1.57 	 grain, mold-resistant, with tcstl (CIT ' ; culti
vars IS 625, IS 9353. and I S 18759); and colored-SE 0.032 	 grain, mold-susccptible, without testa (C'SVI-1'; 

Cv (() 	 17 cult ivars IS 402 and IS41 7). These c ltivars were 
Nitrate r IIICA.IC, ICt,iI, grown in a randomized bhck design (R FI)) with 

(Ii iol N( c Ical hI ) three replications. We analyzed leaf samples 
Sf.rom i Ilie 1985 arnd 1986 cxpciicnts for flavan-

I> 24 6 33.0 37.4 41.2 34.1 4-ols. I.eaves were h'arest d ;56, 63, and 70 
1 34.8 40.0 40.8 57.4 43.2 	 days alter emergence (I)A F) and extracted with 

SE11.70 methanol and acidilied methanol. Results ob
taliled fri'omH llcthallol extracts wClc similar toMeanl 30.1 36.0) 37. 40,3 0.84 those obtaieIC(l fronl acidified ncthanol extracts. 

Sl -.0.l7 	 l-'lavan-4-ols conicentration ir group ('Rl+ - was 
('V (+) 3at least ."- 1 times higher than in other groups at 

. . ........... ... ... . .... . . . . 70 1)A F . 
I. ..V craec of IS lcplicatlil,. .tC ,ll, l i; IIl li pl 8i1 . 7 , We coillecled grain sainm plCs at 10, 20. 30, 40,n 114 11\5 
2. 104 . . h tS t )\s, l I 50, arid 60 days alter 50 f :locring(1)AF) fron) 

tKI dIItt.n , it iad l,,., I)\. 	 the 1984 and 1985 expcrinints, extractcd them 
in methanol and acidlified methanol, and ana
ly/ed them for llavan-4-ols. Results indicated 

signiticalitly morc total plant dry l.atter and 	 that llavari-4-ols concentration was high tip to 20 
grain vicht when provided \vith 40 kg N ha DAl ht tgraduallydecreasedas thegrfinsdevel
either is Ill-Ca mi lltssill) nitrate, alont with opcd. lie resistant cultivars always had higher, 
irrigations at 36 and 68 I)A.S, over the treatnci anounts of fhavan-4-ols than the susceptible 
without N. At 30 DAF, cultivars belonging to theones. 

CRT'- group had 2 3 lime:; more llavan-4-oIs 
- -than the CST4 group. Tli' WST gtoup hiad

Biotic Stresses negligible flavan-4-ols. 
These experiments confirm our initial obser-

Diseases vation that leaves and grains of colored-grain, 
mold-resistant eultivars without testa (CRT + _) 

ICRISAT Center have intich highrc flavan-4-ols content than 
rnold-st!sceptible cultivars. 

Grain Molds 
Breeding for resistance. In our breeding pro-

Relationship between polyphenols and niold gram, we successfully transferred resistance from 
resistance. Our preliminary greenhouse exper- colored-grain lines with high levels of grain mold 
irnents at Purdue University, USA, indicated resistance into white-grain breeding lines (ICRl

http:IIICA.IC
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SAl Annual Reports 1985, p.37;and 1986 p.31). (('6te d lvoire), and I)harwad (India) in 1986. 
The white-grain, mold-rCistant advanced breed- Sufficient mold devcloped on susceptible ":on
ing lines that we identified, are tall with low yield tros to eniahle effective C\'Iluation at all these 
potential. \Vu crossed theset mold-resistant ad- hlctions. At all the lo, iions, 27 tcst entries 
sallcd hreed ing line,, with thle white-grai, incliding the six lines without te-stac (WI 13885. 
nIidl-sucCptihlc inoprosvcil cnltivairs, to traslfr I' 14375, IS 1438W, IN 14384. IS 14390. and IS 

liuii lilt l,, l ?,tMlUCillec +,m]stl a rc ly eii1 - 2,5070) % rcre istant. I his suggests that mold 
t p. %witl go)d yield pitCnti;il ;tnd o lihr dcsir- lesstatic is :stahle ill tlhes lines. 
ahle aitwimilic traits. WV s-ccld each (i the 
reult inc. 518 scjrc atitui I , pr itci.s aiid selected
 
F.,pi nic, 
 that cmbin .i aintill resistmce Ergol ('phli;iceaifi sorghIi) 
\%Itli desired mict ltlic iijt.I lie eTsI\ tMiilIii
tal coiidit iM tlltcr 1lhMs 
 in, werC idUIl 1br criin Ihc de, clopintnt ofrert, , ar ovary replacement
odd dt tittit all. 1, it it"ult, ()il s1nlat- diseis, is closely hlinked to) the flowering of 
ic ni at \t)ias e.posed to) \cr' hichli le\vels of soigiutm. A good knowledge of' flowering is an 

grlin rtlidl imlctiuim. \V, ..clctd 132 , hite- escntial prcrcqu;silC to the s-tudsV of ithe discasc. 
cita i pi ics, .t,it rhic'-.ci l !'hetelfore, ollr siid ics ocused oI the floweri ng F. ceol, at i to Id 

at linc'( I ( + jt~t l i hemsiha I r;t itc-cale. Ihe]ta\ior of sorlinli.
 
1)Clue I itiid. 5 510
i, tlil tHtoic that W rati) We chose four IlI(I'II I pai ich_,s and recordCd 

" I11 ; Iea t Iii dd'd. Ilaf Iit m)u, the sel:cted I t lfc as weitecachIspikcht flwmercd to study the 
C. 'lc 


sties nlid;! i 

cIi ir tsed'i ta l t anilid iin chariac- pattlrit of lhiiwe.n w\ithlii1 each palticle. The 

c iti ciiclAiatC lo plant lirst spikelct I ms'red ot l I I)ccemier 1986 and 
lciti++ht ', tih "ctioiipact pItlitleh. All thc selctud the timeI required to c ttle flowerin in the 
I pr it.is ; ic i tifiv Is, mcd t duiinj tie ilt +I' lo palicles atng il Irimo 8 tt 12 days. Fhtv'er
1W" ,+ ctati' ",cii til thicil 1"s ' bPes'ill icLtlrquCncy followdt ineltr-n1iruitl c-_urseTvith
 
",' CI'.lt'ittil il ril itlll 
 rci'ttc, du1ritc peak floveritg (20 2911 i)ccurrii 4 5 dla\s 
ilie t ;tlts 5-,:" ll liter elll t of fhtw'riig. l)ttri igpeak fhlos'i-

Wk, "litcil di itil cmiillii lim! It iiig. as many its 27 33 pilililarN' hratiches in 8 I1
ir tin-.1iilud sttit plptlatOtti . We ieiC p,- noeis had flosserit spikelets.lI,.imarl-branches 
ailcd ir1ti tll pi)pil;lt ii, , lhtt.'-lti; , itild- containing more than 20 spiKelets required 3 6
 

tw.iltatut licijr. lil..,is cooted-ptritin, Iiil-
 dI s (n ile 4 d;tv's) to) coipltc fowiering. All 
rcsstant lines-. i itil-. iclu itpio\'d linhes. spikclcts iii the top third if tlhe panicles requiredld 
', \c Illi iM ;ttiadi.,{iil _iipm i t ii l cs o lil .d 4 5 ,hts's to)cmt plete fltowering, ind a similar

' :st",illce lilt the p'optiIi ttlill aInd WilsI9 % t ditlaol recluired to complete flowering in 
rttiltli-mitlt.e it for i lst ss'oPcuer.lititi,. all spikelets borne ol prinars'y branches inl two 

ittpi ,\ Ihl 1ib lefii piptllititm utotiii I ti Clt CilsctltIIVc nodes in the mid-third section of' a 
SciccilM iii1fthiid ,, pal icie. 

We also recorded the tiic of flcowcring of 
M ultihcal iomal lesting. Ilielttcritlitioll Sni- hIrmap'roditc spikelCts in the fouI' W .% I pan
chum (itaii Mold NUsriC (IS(Ri MN) of 195 ides from 3 to 5 I)ccmbher, 1986, to determine
 
i:id P),6 sscrc ctipo.,cd of 33 identical 
 the tilc of lhe dl\ shen sorghin Flu wers. We 

cnlt l, 25 nold-r'sisttt, cofutd-cnutin lines obre lisedpt imry bralches arising from the 
with tcsltac, 6 tltl-rcsistait, cilorcd-gitin lies lniti ntilc i,' eltcl panicle. A spikelct was c,.isid-
Whtithiit tcstac anll th tatni, CerCd :o'iiglicihle and 2 liIt'C flOtwcrCd When the glume began to 
susceptihlc coNiids. [he ICSNIN swas tcstcd i! opCt, exposing the stigma and anthers. lower
Flltko-llt (Burkina la;iso), 1liasa ,asgaranid ing hegan at 0750 and ,topped at 1030. Out of the 
l'RISA' (enter(India)it 11985 ind 1,%;6, Lac- 424spikelets obse rved. 327177%, mange 71 83%) 
t mt (Philippines iII 1985. and I"erkessudlougou filoss ered heforeO900 ;tnd 95(22%, magc 18 27%) 
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after 0900; two spikelets (lid not open even after in drier Years when rainfall between flowering 
the 3-day observation period. Usually spikelets ard maturity is low. 
close on the day of flowering, hut 10 spikelets 
remained open throughout te (iyar'd closed 
the following nmnrning. Il)urine the time tcf Anthracnose (Colletotrichumgraminiicola 

'
fhowr openinlg, the temperature was 60 24')(.
 
aid eliti\C liunidit, \ tx 70U. Our study on leaf
a32 Inheritance if resistance. 

Obsurva"Ioils Iro in esetsIndics \':i!! ;C used anthlariaiose at Farako-ia consisted of 17 par
to devClop rCsistancC screcniing tcchniqr :and to have a riige of disei.se reactions,s cuts known 
to sto y l-atfoge iitrction. 17 crosses ivoli\'Ing tlhCsC prcrS (including 3 

reciprocals), and 2 F, crosses. 
The Cverit, offthe natulal disease incidence 

West Af'rict' was high enough to makc evaluations meaning
ful. There was a dominant resistant reaction; the 

Grain N4od 1',plants were resistant if one of their parents 
was resistant. Disease scores taken over the lat 2 

F r thC sec.'tid conseciiti\ yeeir, wc assessed the years at Farako-IW^i oi 400 hybrids pr uduced 
use! ihet.'- of the male.stcriles and resin tile Northern (lineaii.otoe, using cytoplasmic-gencetie 
(),Ci lhcad sprinklcr irrialion imlhod developed torcrs with known disease rcactioris supported a
ail:,RISA ('cultcr for erait-inold screcling. siilar conclusio. 

WC cOMiMpircd thet. spihnklci iirigationCflCC1 o 
aid t))iiicatiioIIin the saute expertitt in three 
rcplicatilns ;it t'arako-IW, i. Ihe irrigatcd and Gre' Leaf Spot (Cerco.jp-:, sorglhi) 
raitited plots werc the itntil phlosepCjiriticd by 
distalCCt01 14 in. We sot)\ U1t )istase incidence. Prcvious ond ail local CUtiiir observations 
bcl\tcn tile unain [pots. \V,' tested 10 gcnotvpCs local gcnotypes indicatedseveral inproved annid 
icluding two I-Csistiilt ctrols in two-row sub- that grey leaf spot symptoms first appear during 

plWts. \Ve starlctd irriaulion wicin !he earlici anihcsis or shortly thercafter. Infection in the 
ftcniotvpe flowcred and colilililed each day fill top four leaves pr .gressesslowly until just 
54 divs between I(0)0 and I;(). )uriig this bclore physiological miturity. Severe infection 
pcriod ile taiif-d plols received 225.5 itit if occuts whengrains arc matlre. To confirmthese 
rainl and thte ir1-a<tcd plots received an addi- observations, we closely studied the progress of 
tionil 279 lm of water. \Ve randotnlv selected grey leaf spot inthree susceptible genotypes, 
10 panicles front each gelotypc and evaliated 1('.V 1001 I (Franida), ICSV 16-3 BF,and IS 
thci oni the basis of Il(iM R using a scale o I 5, 18096 under natural infection conditions at 
whcre I = no mold, and 5 lnore than 50"7 Niangoloko. We monitored the severity of' them ,riin 
surflacc area molded. disease in each of the top four leaves separately 

Except for one of the cOtiMM] entries, IS 14375, On 21) tagged plants from the three central rows 
sprinkler irrigation increased '(1 M1P. from II i of seven-row plots in three replications. We 
to 44(',.Fo 'examplc,with irrigation, T(IMR assessed discase severity each week starting at 77 
was 4. I ltl(W SV 16-2 BF,4.7 for 84 S 123, and l)AS by using a I 6 scale, where I = no symp
4.8 for I('S V 2 IN (SVPV 386); the rGM Rs for toins, and 6 :more than 75% leaf area infected. 
these genrotypes without irrigation were 2.3 lotr Since infection il each of the top four leaves did 
IC'S V 16-2 131F, 2.9 forl84 S 123, and 2.8 for ICSV not differ much, w, conbined their mean disease 
2 IN (S PV 386). We believe that the sprinkler scores and plotted them against I)AS. 
irrigation method assures adequnate grain mold In the three genotypes studied, grey leaf spot 
development for screening sorghu m genotypes symptoms did not appear on the top four leaves 
in the Northern Guinean /one and may be useful until several DAF. The disease progressed slowly 
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until 30 DAI or I('SV 16-3 BI and S IM696, 
a 360ndl)/ ,l for 1('I IhK0lo I I t'(r;iida 

dc".clopmne t of the discitc' %\.,r 1e,
tifo ill 
and rapid inI IS ,-6960.A(t It).Al-. ic Sccrit% 
ScoiC s \ic Iclati';lv Imv, huisLu 2.1 mid 3.8,-
Im aill tituce m'ulwttt ),c. I KI' disU'ax hc.'ait 
'C', L' d.Ilik\ i diLi h iu i IIuas.,IIiStatitIM l 

.f)I. Ill,ipat ticsr ofil 1 citwc ]L\ul -pticiltitilhiuis 
11IV\ spot to iiithat ' cat S Of1 ct\is),c t ,uIo) Ii'hl S InHS 

I im c to 5(i, 
(ietiot\ pc thm rilg (d)-I 
1(' \' I l Ifl 62 
I('\ 10-3 lI" 68 
I IX69) 62 

f"" 

/ # 

i' it# / 

4 

u 
/ *1 

3 -/ J,1,A;at 

i 
,./ ,/ 

/ 7..-/ 

//grained 

-

z I j 

0 - I I 
i I i i I i 

70 77 84 91 98 105 112 
I )i\ < iflte so/ intw ( I ),A. S 

F~igure 6. P.'gre,, o)f gre 'le ' ,ol disease i1the lo) 

four leave% fioni nawral hioc!ihii for three geno-
tllpes, based on 1 1-6 sale, ",0e-e I %mItlilllls-if(, 

and --mare than 75C; Ie,ifarea infected, Ni.uoloko, 
1trkina [aso, rin season 1987. 

loss:s. We Intend to Studv this di(scase InI tiorC 
etov and a.S eSs the effect of ik diseac on 

Y'raii Vield. 

hiherit:ince of resistance. At Irako-W/i. wc 
c%altIla td 15 paltnLit,, kiSim if I()cx e;i11HehitIa of' 
d I caic t Itllts, to PIC_\ Ic;l y tl. ItX F-I'r SSCS 
(in tludiue 4 rc'ipr oci, i!1in o\iil ulI htcS, parcits. 

I3 , CIt. SSSC,. 
I hcscIuiI\ olt Ihc iii iialI discasc in cideIce 

I ai I h i Iiiu 1 Ifl t xt IlLui n l, "iit' I,ful. Nican disuasu, ,sutitu. li th l- i relative. to 

tiltSc of i tl it ittiCIii,, luoitcld tht;tt ill yeilclal.
tliu Stscu ibl( Iactt was, dolliiant and that 
t1lusf hoth aaI-it cu It. the FI waIs\,,I% ,iAsti 

Susc ptihl 

Southlern Afica 

Diowny Milde jcl-eono.,wfrosporai sor/ghi) 

/ tesst aice screenilnlg. I )own v mildew Incidence 

was hi ll ClimoTh tlc'eclillnt at three locations 
in /itutbalwo.u (iatopo. licldcrlson. and Pall
1111(lnl d one in /albla ((olldCn ValicY). \Ve 
scIcclied for resi~satic. 2900 Ctrics at MltopoS 
ittiudct art ificijil condltitis. 1200( entries atl lient
derson, 200 urttri ai IniinilrC, aitid 100( cnirics 

(iolden Vallev. ' ,%craolocal coitnelrcial va
erictis V%,rc rsistanti(icidence • 5(i in feted 

plants) at all locations, as \%ell as I[tgcltneo(2 IV 
x 17 H t ) Saidala font 'ian.anla, I('C\V 2 
(~ZV I, ;PV 38 ) IrotnZambia, V I ( M 39335)
and SV 2 (A 6460) from Zimibabwc (all white

heCnurcial 

(red-gained "f l 


1 hI hvhrids IPNR 8311 
PNR 8544 (white-grained) 

werc also resitallt itl Zabihia and Zihmbabwe.
 
Sercna ([)olbbs, P 127) and the commereial
 
hybrid IXC 75 (hoth ted-grained) were suscepti

ic (incidene 36,"7. infected plants). All con
mercia;varieties from Botswana and Lesotho,
 
and Red .Swvazi I1o11 Zimbabwe werec susceptible
 

at all locations. Twenty-s veti out of28 entries of 

life International Sorghum Downy Mildew Nu'
ser, (I I)M N) were cotnpletely frec of the dis
ease (3 replications), while the susceptible con
trol had ,iorc than 70,"' infected plants.
 



Host range. In coopr:Iat on \,ith tile):part-
Itl.ilt of Rt '.irc,' aiL! n 
(crtIIo It -r HacI tIL 
, i!, ( \l "1 I in 

1I , lilii n i\ . 
bah)'\.(" \.c'lc+ t' 

pcclIal 1 t ii 'ccilndrlot 

Nl,'I iIlIliI' ti CNalI/ 
/ I hIh cli.hl t ilk' 

II Illl II ll / i lt 
';c ll~! l , (dctIl iche
 

r 11111d.,th ,., th(,PC11t Ihu\% kil(,1 ',,Clinlc 

\llv 1111i lld.tldI .ii-,. hut -IOic 

pI 1,I il %% lhI I N till tlLc LcI, L,%'. , 
tntl.:t pIililtl,ck .,t h m ,dll.,: d nl /,., iilt t!!w 


Leat'Bli1~ht (I i %,rohilihm imcIm .um ) 

ReIs',i nce l ing. .w l
cr't,, <t~ 'L-Ct'ulIt]I-w 

P 00(<) -( c'l Ilc]lJ ,.'nd'11tt1c-, Ig i' ll the: <., 
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\CritV of /.imbabwe, we stintulated mature 
sclerotia to cerilinatc ovCr a \wide range of' 

temIerattlres (4 3 ( )(in the lark. However. 
tlIc ,crnliir[littion percenta ce, were' below I0"i. 

Virm %, 

Virus-likc ,,ynptontswec.oibserved tin sorghum 
line,, crowin in I.csoilho. Malawi, Swa iland, 
I ,iln,,tat;andiml i lhliIv,, . .%ymphml:+ appealir 

ily Oll Itit..--,i in hot h1 
hot cotlditions. I hCrL' \,Ir In(oSVIIIptii) ItS O Ql. 
I I ii tilt: rinal I )itterentit Nur

rli lal iiitci coo i aind 

Iircinat \ lmn 

uc\nLe tliils l, lllti ll \uiltIsplesstlic ai 
G o ldenv\;.tlt.'\.z.ittlilhi', 1980( iladill 1)8T: btt 

Ill ll ll iv c,iL'tests. it [tio \.is Io)ll)(+ to/ hi 

tit,'d l lcmii~ ' m.+l t, 


[:,,mi,+tldlittl
tl I hc. 

ll (' ,I[th ", I,,l h c,i 

'1I " VIv , 
.\,.ACtIlIi c. 

',i, It Ii.i 

L'Il),lI -,Iild 

(c'ij II-1 
',LI(cLLi1. 
I(AV Il 

3K A I.KI' 

IM+~kkhi rlatitllalillfc,._- in t ed indiutatill L that it w,;ill he rlec+t.:,saty Itocc, 


iM I( 109lt+ ltlN,,o ' 


i' :l[':t 0 1. filidt 


1LI 1',ialh hbtl I)(a! blirh iiiit 
4 'I "IIII]\ L ic iti icntlhtIlL-Cl \ L ll L 

i () liit I hIll l 11)7llI II ( ;ndI 
tI\\ n,,I l ,IIdt\,ill 19 7 ailL: I.>5 

K..\lIi1(k \ I-0 ISAR I)I+caloIta!, 
5'NM' oIS )-23-I I-I AK-I KAI).I 4, 

IBF (ttailldai-a - -I-.-2-2-2-2AK-
417-19 M .D KI' 3(2- 4KAI), 

I - I --- ,.' ,If!-, 1 tf, S( -.- I K.\ lSit--3 
(S . JIJt,+- I-IIK l). I~tt-er~tired ntiIcwith 
Ic,il;iic , t Icail hlight \%Cre (3lD and ]own 

iiil lbtls\ alla 

Ergot (SIphcelia .sorhi) 

Infection with inmacrospore-type conidia and 
sclerolial germination. \Vith assistance front 
th Inperial ('ollcge((IK). we confirtcd litra.-
ttre statentuts 
caLisc infection. 
hotucvdcvw 7 13 
Thrlighttt tlie 

that onc-_'car old conidia tall 
Infcted spikelcts produced 

da's alter pilitl inoculation. 
Ioiicvd ', ph asc, inlacrospli rc-

type con idia were produced. 
We found ergot sclfrotia at mot locations in 

Malawi, 'lallaiaa, Zallia, and Zilbabwe. In 
cooperation with Imperial ('oillge and the IJii-

tes ts tot't.,CrIO .,iu~tl ideliti+'y \irIs-truCC hosts. 

Pegional )istase Nurseries 

I-ot tile. fist tim .;ttcuional (diseaseoobseI'vatioi 

llle and\T lIa LTc SCreening fori nurseries 

,Itiildc\ ,,leaf hlih t.rust, and Lrai mold 
\eCre pri)\\i in the ie.ii. I)uc to the se,-e 
drtilit in most oflthe reg.i n, regional testing 

Iol resistance was lot \Cry eflective. 'fhe co
opeltiling iatiitnal progrims incorlplralcd the 
locally adaptil entrie.+s ill their collections for 
flrther screening. Biased pliiarily oilresults 
obtiai ned in Zilibalbwev', cntries w'crc identiflied 
for the I98X rlgional nurscries. 

Eastern Africa 

Long SAt ( Toh'po.,qporiuni ehrenhergii) 

Biology. In a collaborative pro~jcct with the 
KeiVa Agricultural Research Institute (KARl) 
on long s.nLtut, \VC nCg.i sttidies on the biology o1' 
the causil ltngus 7o/.i7oporimn clt-enbegi-ii, 
dlMAOpmCnt of resistance screening techniqutes,. 
and the identilication of 'hot spots' for field 
screening for resistance. 
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Table 2. Germination of i'oly'povprium 

ehre'hbergii ehlam(ospores int) sporidia after 
60 I on Itato dextrose ag.ar mediuim at different 

J)II levels, lahirator) tes, .1utiguga, ken.a, 
19 7. 

ticditlinl At[a!ct'( il~l i 'nigi[ciaiiniU ' o)l II) (" 

TO) 9' '9 2 i), 
4.5 005.0 , 00,SAl 7 1 60.755I. '52 

5Q 2 

9195 (() 1O4i) 


9 7 1! 3,D) 


T5 I ( 4 ) 

T0 72jo (6.) 

--- --- -------------------.... 

Wc W sinicld Ac ecrinintn it()chlainsdy-
s ii'i." iti Cr \ ariOus plt con-ina!iiici;l incdi, 

dili(,n1 mN3) ( ( lablc 2). \\e lIund that Chia
tH\ )dispoi'sget fllictd hcitc'l ill acid lclia 

( p Ulinu pIl1 4.5) ii in a lka iii' i ncdia. \ke 
collti cd ll studies in dcipin ;i rcliahlc 

5miISATI 
a111(1ciiil): iOctf th t'fliLiA nc\ iii sfu iitiiia uitI 

'linidi l ncit Ie'
Htit_,l te)') > tiN H Pllplictd Ii\ tite axltiiiili 

Re,:;)itiit 5>latiltt. Kclis). WI> e fitr uit cs 
,,tnldl', \e foulld that pioidia i' a'iC e1it i L 

flc.t-Iisc ',ittl i ii,cellln thal cihiotti'do-
'.pilte,. sill I1) moit if te I I I, p , illcn-
kilicd \%, i)s ioi a'tii ismti;e infcclioin. () i 4 oif 

OK' I I CiCIIiiipe ill(Hti itCid %ith1 tlttit do-
Nl \\k()lf iilccicd. 

Res',iaimCe screeiing .. \t iaitininli Research 
Sii ''i. I asicrt Pt)vince. Kit c c\ ahiiatcdrtva, S\ 
.t diLc'isw cicclii of1sit)ltii pCiliiytpcs intro-
dcweed hn)t dillcrtiti (mirces it lon smitit inci-
dctcc tater naturail infci iiilt ctmohlliints. 'I l 
fKl ing gentit\ ps'Im I 'RIS.\ I ( iter "erm 

hitli Ic"sistant: IS 18757 I(,)13) I(5 V 221 
(V 35-i ,1 5I l4-4-1-1-2-I. I(SV 212(.R 274 

V 4')-6-2-1. Thesewill he retested to confirm 

their resistance. I(-:l 153 ('S-; I I), a high
yielding hybrid. was highly susceptible. 

l';rg(JI 

Resistance s"reening . lhe collection of sor

.li.uin gernphasin from Rwanda was received 
from the (onctic Resources Unit ((R[J), I('RI.

('enter, and screened at Riubona and
Karailnai Resear.lch Statlisl in co)llab()ration with 
the R ,'ailidall national llroialn). Ntne of" tie 
sorghul nciiotVlcs shli()cd high levels of resis
aInce, itih 1h hCst It) showing I0 20,}j infection. 

In lt(hiopi~i in colla latioll with the national 
pr(ram, 21X gentyps " ith inmdiate and 
highland adaptatioin \ Clc itnocillted with ergotiiit ,'\risi Neciec Ruecarch Station. Irt y-eiphi 

had less tha1n 10, infectd lhorct., anid 27 of 
thesc hadlss It han 5' inlcted Ilorcts. 11 
2454, FIS 3135. 1 1 117. I:.1S 3118. [IS
328(6, iF1 3753, . IS -45, and 1S 4762 were 
hihl icsist:nt with ()il\ I 2 i inflected fhorets. 

,triga 

Center 

.'tIriga Seed Germination 

'ffects of nutrients. Sorghun roots exude 
stit ulalnltts that trigger .S'trkta asiauica seed ger
iniial ion. \Ve asses dtlhle effecs of'N, P, and K 

()it tilil ani productiol hy sorgIii . We glCw 
plaits of the iost cuiltiar Swalna in sterile sand 
wil Iniutlrinlt snuLtiIS lot onie wek aid col-
IctCLed fie toot le~IChatC,. lIe CXperieineC\t Was a 
2-2,2 lfctorial design cntsist in W) and 50 tng 
N I 1, 0 anid 501 tny K 1. 1and ) a(] 2 5 ing P [,i. 
Wc ield .r';tseeds idpeconditioned by keep
ing thent ini)ist at 280-30 (' for 10 days with the 

icaChalCs alid dCtCrmIine,d percetaIlg.ie gerinitia
tittn t iassess stimulant production (Table 3). A 
NK intCractioln afctC'ed stilulail production. 
The piusence of N considerahv redlced stin,u
lant Irrductttii whereas K promoted stimulatt 
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Table 3. .S'riga avialica seed germination (% ) in different NI', and K treaitiens, laboratory test, 
ICISAT ('enter, 19H7. 

K,'IK, 
.. . .. .. . ... l}cra ll 

, >2(' 441- Q 3U 42t o ul2bob 5h.7tQ+?.?) 57f 50.2 
, -Ivo1 1) 1 1 1 .o;!() 'i) 11.2(i!1 2) .S 9.9 

Mean 24 N 25, 3,54.3 30.0 

I Nu pit'LI '.ncllhcii. -tiit" '~ '.l'H% K ic i ',[i 5t.li i 

prodlnci iollilth absiccc 1 N. Pltusphlorts IL - May, and kept it onltilall' wet until mid-May 
cls. hi)',e\ et. iltC stillllhnl whcn tle \w'-ole field was sown in alternate stripshad littllut oil 
plodtctihl. with (S11 I. a S. a.siata-stisceptihlehybrid and 

I('SV 1,15 .SARI),a S. asiatica-rcsisfalt var-
Iffects of soil moisture. \\'c burie'd .'s,, e .seed,We did not apply an' Icrtili/Cr to the iheld. 
",illd\ cueld btisseii'ION ho filtelpaiper \lIMi 4 weeks of cropgrotli, wc observed hielh 

' 
di, ,IIIX lVi,-lii'i utij l) l l ? ,N'I''i' illcstatioll o n( , 1, the slls-I Clc, 

nit1c so nill! hIii i '-t l. NlCan SI".!.',l ccplibe .Centtvp, th;it was wilted and stunted.e ll 

.seed Clllllll;li.ll %k t ',t IL') . \Vt.' Il t 4t n (SI! I inthc\X 1. 'i il I[0 II it hle Xe.Sf112.1,pl't 

,,,is .1 , it lIr , li 11)(1 at porti m of X\as
,il lll,10, c 14, f1'i tle lield that not ii tcstcd with .S,. 
.,n, iloistlli' .. 'li' ii \Wis lijehier seeds. . o)f297+.ctI,'cllli;il 1 aCl' li ' W e c)unted an jveiL't 
irl1ltiI .'cielc i , t0i3 ill i( le 4))t' cil.le clergced and cstahishld a.siai'a plants perC
 
(I)1,). 'tilulliin p d'i.'tim)I uidit,, n . n.' on S II n.Stl. stadi llus) . I "),ri,'a-iIlcs1t d I . iflf 

thilrin'lh shil na',, lhelicleldt! bh\l)55 soil 11i4- tiol delayed time to 50; flowcrin of ('SI- I by
 
tU ,L. 'ilil cu i tio . 191i. rcdlccd plait licight by 321, and dc cased
',tlilL hOV..'(.i' 

ra in yield hy 49,. \Ve obsrvd no .SyL', o1 
%Ia'villatior of field operatioms anI practices l('SV 145 (SAR I),tlie .',;ti,;-rcsiktant \'aricty 
hc promote .'ri,' infestation and uniformit. lllclrc in the field and its crowh was tio-lnal. 
\VC haXc lsC rsCd .'. 1sIJi.+a iHn?et at irsa IareIlinitar' ind icat ions are that ntani pulatiot ol 
!(RIS,\ I('nte to b Ilill ariable loon sea- field operations and practices significantly ill
,,on to sc,,)ol atl eseil I10111 arca to arCa Within creased .S"r'ria inlestatioti and uniformity in the 

.ti ulli,e fil. XXiich nakes it dilicult to CHU'f- field. In 2.1 iii plots, n , elergeIce ill1985 
'lsels and reliahls sereeli si+riil e tiph~si arced ( 54 plants plot-.6and in NNJ8. lhese 
anid biecoifitl, lines Im4rcsittalLec. We alli.ilut- fil olperationsand practices will be repeated in 
laited XCeral feld oper;41ti)4 wid illtuli.gcllierlt 1)88 ItOC,)1 lln.Illillli 


p tietiCC , eIt)iir tei t) p))liitt c , eli ' e erICe 
arid estahlishltit il a -1loakm feclrtility, VC\rtiso 

obSCIb XcI)' 

ble ,. ..ioa'ia illcstationi . We Ict tilled tile field 
field prsik 14,IV ,cd 1o hV, and \ar ia- BIreeding for Resistaim- to Striga .si'tica 

to a depth of 3 iuch at Oi heucghinitg of thc Wc ield-tcsted I(advancid tbrcedinglincsin an 
smlirrlr season in the last wck lof advance ina lpreliminary ,Strgavlanuaitv 1987, Str/L;a trial, 25 
and artificially iiiC stecdthctopoil l 75;toltht trial andI 208 ill a .S'triLa observation nursery 
field with ionc-year-ld .";. \Ve N97 in S'rwga-sick fields,L.iic, seeds. during the rainy season 

Iiwid atspriikle-irrigated tilc: the beginnring of at l('RISAT (crier and Akola in India Slri 
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,.Si'tic,'
inlestaition w.Is uiifoim and hieli t IS 7777 and IS 773Y \were highly photoperiod
'\ktola hut not at I('R ISA I ('enter. HQted oin seiSCii\e and did not Hower. Over the three 

,,data lhom Akola. me 4,lctvd thrc lint'(I('"\ trial,. I(SV101 IfI([aantida) prodtued the
 
) .I('S,\ 7(0. and I(.V 7,l )liom t ' dsa',i' tl lijye
hIIest a;I a ,I\ old (I t ha I).O I r _ ,is

.al id thretlit l( V X ).l( \' l4 aiett \ l,-iilm tant i ith ertat \icld, wei IS
'Hid 11. \V 42) 11('in",Q POul inato,. 1.+92gi{ixiz,'+t~l 1.32 th&II)tu ,'.25(I1 31 Oa& IN 1hat ,ic,
 
\v.1111 ':thatI+ clm .(d." 1_,pkl tip.t 2.1 ill -,o.,lltiTO IC 
k a,.,
i.'-)'29.j)1l t- <.d1.09 1 hat
 
co+nlpill"d ,,'ilh 4' lo+t ( A liI I h1L.u
m-kcwt d \:I[ it-.. 

tiL"sif;\, ' tkSt I0i I I1 i1 Ill oit. I .' nitt;l (wr0r11 l. Il I9-6, \tC it'd the iili l -type
 
Itll 
a d 2. 2 I Ia ill Oh pie1, lO l;i lial !'imlii litil ) the e ,.e Ic ti al 5i 12 it) lid fe t 

lpai!t d l ,.I\1'Ii 1, 1i .ill m( N V I''). \,. ax ,i -had i . ii i, i vC, oln H,iIa ear 

lhl I.'.;tilc'l 
 -l l ;tid 'tI. ha H ilt- plhilli k'ilitir .domlodohit i hs- xai\ usli atnit l 
l l11 , o,,ll 2',, ib l
l 1i I [h.. \sxiul iit' I il, \\hei d , a iii toxe .+slppre_'es .,tflT'i. 
S. ' , lc'di i 5 HO1I +'"1t-, 10hi11 ( t' iit'i lI W t., m't elnot'pCs. IS('V I IF 

'pant"' lu I 1 -ili it1 ,'d Wantpit tIm ,d t ,0I-3 (I 5-1) It ; V 1001 M .I'(Ilratiida) vith and 

..... ..5 . s, S . \l luffdh iii i i li msil"'i ' .. ....... 1 ,i In '% It, I iI St\ l I III les al tiI ct.,.tsI t n 

I '' I i . , l. i 
 idtil i,ll i Clt Its i l aoI;lI' i a i -i latinl-SqIU i 

,
;!i',l -,tWlt' + , '-,t ,ll 14:11k. .l , (:%(:I% ]loct2
lq it)\% l ll I I' CA:An\t l io nI, Ill('.5 I i!( ilI ct:lation I t
 

-tIIit];~i )t\ <., ()I 111 1Lt-1'",.'i![t<.t+I\ '+, . '!t.Ii st)I f-] lI ll ta>,It.:-,illpio t,\\hh !,r1oItll Iu 
'+, 
tila~ll
 

I1-1!!,+ %'iilljfhol, ithot.t Ihe.rCd UL:tio)l ill tIe nt1niI).,r 1 
, tI ( dltt l ' li1,111li i IIthi v iinilrHt' lu 50(), iiiseveralcases. 

I k1\Svd ' t IIlt',, I I , old ptIt tial and In nost eases thul soil tclli tlrattiro was lower il
 
St (liltt."Is I hlho it,
it ii! N1',16l -dit' plot, ;,th l oiiilItdtlullsbit the dillcreices rarely 
iil ifOwlIhiheCl 
 h ii,' , Il i I 1 (Il11 inatiui. Cxt'ecd l I C I)iIlt 'u ,insoil illoisturt'we e
 
I li t I ,\ill h t alit with no ll
lt Ilx 1V',:1i eriCUIr ,iniall t tis, pitt rn betwee n
 
.',Oh, tW+ilt. 
 trcat tllit. ',retuls, II-Cst that gi'itiidnUt 

illi.,(Wt tiiII 

Supple_'s-,, 

as it t't I Lt't ) ' with sorghunI 
UI",. , ilICt'in ,w rat tire and nm.is-

Wes( A*I'a'U.'i IC tLiiOlt adetltattlyv explain this suppieMsioti 

phenll tlleloIii. 

Isislanice screening. lIe pot experiments wc Southern Africa 
1cmint lctted ill lVS§ and 1986 (I('RI SAT Annual 

R irlt,,1)S P)..11 42 aind 1984i, p.33). Lnabled \We reetigni/e that both N. ashlicaand . Ibirbesii 
u, t) cltoAcitis'hi iiCultivkar urther testing in art CCt'Ot iCiiiui of .',ghulll in the SA)CCo I 01ests 
h), \C to-tcl Itcitn inputs at K ithtiins3and area. Wc ohscrved ;. li)trh.s'iaroundKweKwe
 
ii.Xlli-ilitesel laniels', liclds ncar Far;ako-
 (/ihabw ) aiid arouid Ilonga (alri/ania). We 

Hit. I hey \,,'rcal,,, : alUalted for grain yield ill Catried ot screening and bios\steltic studies 
th' absclice uidStii-', at Iarakti-lIW statioll. One id fonul that . iorhcsij[h is sell-pollinating. 
rt'ststatt Ctntol, I('SV I t0 arid0I. (I' ratna),id I sil a mtodih ed checkerboard design with one 
1\%() siisceptible controls. S 29 illlield and ('K \car o testing, we ftnd that SAR 19, SAR 22, 
(:)B iKipils were tsed. I'We o lhe test tntries, IS anId SAR 23 are resistant to S. lorhesii, while 
7777. IS 6961, IS 7739, IS 14X25, and IS 14928 SAR 34. SAR 26, I'M(', Red wa, Radar, and 
\re supcriuir tiiI('t iI)01V lI' (i'raimida) il I('SV 100111 are not.Bl:(lraiida) 

rcstaiuce and IS'X,I)and IS I l14 wcr con- Ilicooperative studies with the National Pro
paable to ('\SV I001 13I [ramiHa) leble 4). grarti at Sebele, Botswana. we screened for 
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Table 4. Agronomic performlnce of Striga resistance of a few selected low-stinulant sorglim culti
vars in Farako-Bli (1-l1) 

Culti al 

IS 7777 
IS1-" h ,1 

IS 77391 

IS 14,"25 

IS 1492, 

IS sf1iO 
10 1I14 


( i Iiilos 
RC.SV I001 fit IFI amid.:) 
lRCSi',ta 1 ) 

S 2')(StIccpti Le)'
(KOORI StseccptihiC)5 

SI1 

and Kamloins6 (Kil );Burkinai Faso, rainy .season 1987. 

(;rain NICld (I i I) 

-II I1B I 11 2 ' im t1,; 50)U Pla nt 
(Station) (X/rliz) ( i, y) ISllflowering (d) height (in) 

0.0 I 0.53 1.49 0.65 79) 3.34 

2.04 1.11 0.78 1.31 74 3.46 
2.26 0.86 0.84 1.32 73 3.50 

N umber of 
.S'tri a plant" 

I.13I KII 
( tri,) (Pots) 

1(1). 18) 0 
1(0.27) 2(0.42) 
2(0.40) 5(0.55) 

6(0.73) 3(0.44) 
7(0.70) 6(0.71) 

2.32 0.99 0.96 1.42 64 1.99 20(.28) 1I 1.00 
2.62 0.91 0.81 1.45 67 1.83 34(1.33) 0(0.68) 

3.03 1.56 0.93 1.84 71 2.23 31(f.41) 21(1.14) 
1.61 0.97 0.70 1.09 70 3.88 212(2.31) 

44(l.58) 

±0.25 ±0.23 ±0.14 ±0.7 ±(0.I8) -(I I) 

CIen 2 uatl ei 1.67 1.11 0.86 73 3.11 (1.0O) (0.82) 

30 41 40 2 5 36 (42) 

I .,'f)III,/ct cupicTc ihkckifc.,,iu xi 1ih .4o lichcaioIm iii I-It (Sinio unit I-It t fStroI,.) unf rcplicui)u It11(2, ptot 
I/t.' III I CtH IC.'11t.'M III [)INl IofI IC",1t [ .oIA m lq I+;I~ ".1l0ll'+ 


11 1 h
;111. III~l<'CI IIC'll _ C alet [Iop I\ - 1 1) t~ l'I ll l. l t t , 
. 21)tL l I t I m IlQCi fIChii lak 

5 ( 011 UtCutii poi, itIl oml 

recsistance to ..aslatwCa it field and pot experi-
ileits. l\, tising a split-plot design with 8 
sorghtin lines as subpOts and 3 S'tr i aacces-
stons as main plots, SA R 16, SAR 19, and SAR 
35 werc luItnd to Ihave resista nie to S. asiatica. 
'l1cc appeared to be a significant difference in 
the viriilence anmng the three Stru@m samples. 

Insect Pests 

I CRISAlT Center 

Shoot ly (A therigona soccata) 

llioecology. li the initial studies on insect-host-
plant environnint interaction, we found that 

. 

newly hatched shoot fly larvae survived for less 
than 3) min on dry petri dishes oi filter paper but 
lived for over 24 h otn slightly wet surfaces. In 
further tests, we found that moisture exclusion 
in the whorl and leaves of sorghum (measured on 
a I 5 scale at 0600 as lcaf :merface wetness and 
water droplet accumulation in the spindle leaf) 

varied betweeti resstant (IS 2146) and suscepti
bit (CS II I) culi \ars atnd with crop age (Fig. 7). 

We then inomntorcd larval movement towards 
the growitig point aftcr egg hatch. larvae moved 
faster towards the gr 'wing point and produced 
deadltearts much earli,,r at all crop ages (5, 10, 
and 14 days) in suceptiblc CS 1I than mirests
tant IS 2146. larvae also moved faster in 10-day 
old plants, with higher lcaf surface wetness (Fig. 
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6- 14 ([(vs ol( St- 7) but moved the slowest in 14-day old plants. 
T ('Sti I They, however, arrived much earlier at the grow-
MNIS 1 5.02 ing point (. .3 It)and produced deadhearts much 
NMSz: ?9o sooner ,n5-day old plants than in10-or 14-day 

4- ---IS2146 old plants (Iue 1o shorter stem length.
IT SI 53 indicate that moisture exclusions1 These studicse 
M I:S o.5() 	 in rclation to crop ageand cultivars is reflected in 

shoot fly larval behavioi and subsequent dead
heart tormat ion. 

Screening for resistance. Inpreliminary screen
' -~...- , ' - ing, wc evaluated 275 1 and R lines and retained 

(h t -T---T "I3 7 lines for further testing. In an advanced screen
() I 2 3 4 5 6 7 , 9 ing of 180 lines (ICRISMA' Annual Report 1986, 

( 10 dI . -SE S1- p.34), 2 ines were selected for confirmation of 
4- shoot flV resistance. 

- % (CS III largc-plot 11,O),,.Sl. :4.7o, In a (180 demonstration of 
- _'M l 45 resistance to shoot fly in cultivatcd sorghum, we4.50 recolded 25 301,i. deadlhcarts in resistant geno.	 ---I.;2)140>
IS^Itc IS IX551 compared with 95 100% in sus-

I :- ceplihlC CS1 1.We also compared the shoot fly" 
, 

MNI'-S 0.70"
 
resistance scleening techilique lnder lo-choice 
cond itions using field caecs (ICR ISAT Annual 
Report 1984, p.30) and plastic trav cages. While 

" both techniques gave similar results, plastic tra, 
cages havc the advalltagc of casy handling and0 -	 i i i lohw labh)F input. 

0 I 2 3 4 5 6 7 8 9 
0- Introgression (if useful genes from svil(sorghum

5 da s old SI:t _.SII I Th[lFand I seed arising fromrelatives. 	 s',F" 


I NIS1. 3.5 1 crosses between parasorghums [IS 14262, 1; 

4- NI FS 2.70 14275, IS I8938, and IS 189,15 that were flound to 
4- -- I21 have high levels of resistance to shoot fly (ICRI-

IS- 2146 SAT Annual Rleport 1986, p.3,)] and adapted 

sorgh nI(lS 2146) werc sown in the rainy season 
-,j\I S 0.5() and studied for lertilitv. A major proportion of 

2- the segregatln,4 IplantsCsmbled the cultivated 
- parent. A few plants of tile wild parental type 

were recovered (Fig. 8). The intermediates showed 
a wide variation ,-anging from cullivated to wild 

0 I I i I I I I parental types. The plants also showed varying 
(0 I 2 3 4 5 6 7 8 9 degrees of sterility. The intermediates will be 

Iime (h1) evaluated for shoot fly resistance during the next 
rNilliv SCasonl.

Figure 7. Shool fl larvial movement in tie stern of r s 
s)rghutil seedIling inrelalion to ctiltikr and critit age. 
(Arrows indicaie arrival growing tilc\, Breeding for resistance. We completed 6 cyclesIa;,'al tit 
.ISI. = . &a sicll,sti length (CIm), .MES -" oisure of mass selection for shoot fly resistance in our 
e\chision score). shoot-pest resistant popuhltion, ICSP 118 (ICRI
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i~lq ;4i'~ 

\ Q2k~. 4 44 j t ~ r 

1-igure 8.Variation in the F, seg'egalnfs of*a cross bet ssecn ildparasorghum Sorghum dimidialum, IS 18945,
 
Mid adapted cultiar IS 21-16. This cross was made to Iransfer shoot fly resistance genes from wild to cultivated
 

\nlual Rcpolt p.36). WV evaluatedA I .. IIQ. Stem Borer ( ('hilo partellus) 
thit 0 c\ Al + (dl ( 'S I I toir esista lCe t)shoot 
I d tiii. the 'I 7 pojqS7St at u a hld assess-I stii soll Y ield loss ,ssesstle lt. In yi loss 


'III .,, (l c l k ) c ,,l atc ploeictus mad e ntcn t trial at 11isa r,Ind ia, nud u n atu ral infesta
tt/i t+sclc ti , .%\c (o(sc r \c d itd lura se III t im ,Ito C l'il i ld wa s o blta iied i t zero p ro te c dc ttit~s, 

ti .pcC(CiIIt; .,c0(di ho t duad lic orl t(Oll tl tt lic : Sla i- 2 i ilIst t l tIt 4 t,,I 71 2CIto ( s t.U(> 8S altsuc ton tlt h a 'Itin der F.5). i.e.. a re .d pr t' t s Htrol (ca.rinte lnsi '.v t cci) oft tin borer'cml on( 
,i W'. Ilc +c t (t,J',1) lv ( ;,dc tlL t:ofram era touls indlca fw'orls at 15 ,535, and 

\ c 9.l.11, in th, I , t'm t co ltro l IS Is5 :) -45 I).\l : a t a ra t uillo.7 5 k g a.i iia Ie a ch tin c). 
;m d .;1 . 1'i tt'-I,cepthhlt (" t l (( 'SI! 1). a rC la tior ship (w ith"ull rol [h IC w a s lin e a r Iegati'c 

\ce ci.clned 314 a S I proLc lr between (deadhearts)I ldI tI + roics shrpc s eriborer (amag 

,]ht It .si ,tl tn+.(1 tli ,thc po)s I , vI ason a.nd erai e d .
,seV mil vi 


-. , %',s ,CClected id 58 ..
1)I 7 ( IIthC, I I ' 1 Vc obtaincl d dif rciItial sten ti nncling Iisiil) 

s tetll 0 1I ,)ptc ni lor 11rth ,i . \V c cv'atliatcd stein eacs ie.9 )tvrclcasilg diffcrci it ltnnicrs 
adai -cdshoot l ,Ic i"sIIItI brCCd iTIi lines t'r 0fI 1I)-dia ' Old stCm 1 i) r lartvae iito the ca eCs. 
yie ld miid ] ',tg c lI ,s i th , e raii lnlc statioii w ith I lar ivp ant i, eith er 35 o r 4 5roH o,ilie tnc b loi \ 
sCasn,I itnldlfor I i (kirl I).A I a xe owcstsiteess in illestatioisnot 11 n"-ilic -l the the (707 ) 
0)5 t ilY seli, i a 'I(.1S\I ( t d while at -1lar\s plailt w Cobtained 100'i julcst l( lerand select % 

i ines,l(SV 71). lW S\ 7(5,and l( SV 708 ,ith tat on ([ahle 5). lhc le tth od stem tunnels
 

d 1 increased larval beritand
"(Mah %icl IeW( ,istlitCt1t( shoot II. with increasC Illi ltnm 



S.,YK P~ 

44r 

A 'X '4kv -*6 

imlI" (11 ! (i 2A,. (4dt 

m mil im~c.,!jt~ol w,.h istin 

LlI~~i~~bI(*to1Sa l~ l I 

Resklancescreen*1' 1u wiiay 

Ib umbessane rv 34Iusig 

PU IIIllSH IIISWT C alk[2 
liflc ~~ kl Cr le o u th 

hundicd~~~ ~ ~ ~an I.1-tIc 

a 
r t 

,tr wl e 

u n 

n 3 H 

i.Saa d 5 
;ig- ( 

*-.lf~c%kclccvll 

n a e w e o u i a tp o p S 8 1 

4c-g m sc c 0 pa t)c m a e os s 
CI)I)L (' I I1 g asc e 0 pa t) 

rvd~ghr e mac. I L s m puiic,, 

:11r wla l l "W1I "a .( 
m r 'i';lc l "cl im-)llcll~lIl lj~( 

ktS 

Ilc pimbl tpSI-I l l it)enase pe 50idcats).ii 



Sorglhum 43 

Table 5. Effect of releasing 10-day old Sorghum Midge (C'ontarihia .orgicola) 
borer larvae in sterncages on infestation, funnel- Biology. We studied the life cycle of sorhui 
ing. ant grain jiId of soghu, I SAT (i- midge on 14 resistant and one sceptible gDno
ter rain season 19, . types under field conditions. We caged five pani-

N I! ;Li ,Ic plkint des of each genotype with 40 midges panicleII)\i[ illIicl ' " . . ..................- for 2 consecutive dla\'s ind recorded m idge
l'Y.I:j i 2 4 s .Mean 
. ...... emergence pattern, days to complete postem

nIaten (bryonic development, and the numbe)' I midges 
.
35 A) 75 ID I 8.3 emerging panicle I The developlnciil period 

70)5 9)0 9)) 86.3 was prolonged by 5 8 days on IS 10712, IS 
55 s0 W I00 I00 90.m 19474. IS 19512, ICSV 830, ICSV 83 1, ICSV 197
35 on)l 45 95 1()) It)() l00 t)(J 9545 and 55 75 9)5 1D) ) 9I0 98.0 (PMd 11344), and TAM 2566. Midge emergence35,45, no 55 I5 ( ( I9)5) 0 t.0) was lower(. .100 midges panicle ')on IS9807, IS 

19474, I(SV 830, ICSV 831L ICSV 832, ICSV 
SF ±23 197 (PM 11344), and D ,6514 cornpared to 640 

8ca.S1.7 90.0 98.3 90.7 inidges paiuicle Irecor(fd d oII susceptible control 
('V (1;) 0O CS I I ([able 6). 

Iotal stem1 tilineli length (cm plant 1) Resistance screening. \\'e screened 2004 germ
35 11.1 93 1.5 1 .9 12.2 pla,,m and breeding lines for resistance at I)h';
45 4.7 9) 2. I 17., 12.9 wad, India, and selected 28 germplasm acces
55 14.3 I0.I 2X.7 25.8 19.2 sions, 28 breeding lines, and Ill population
35 am) 45 15.9 155 1.7 25.9 19.0 breeding line:. III multilocational testing of 83 
415and 55 15.3 I!-).2 24.6 35. 7 23.735.45, and 55 1(1.5 23.2 39.1 37./ 29.2 germplasm and breeding lines uner natural ,ndhead-cagce conditions at I(RISAl ('enter and

SF, ±1.3 i lirwva, we selected 72 lines with high levels of 

Mean 13.0 15.1 22.5 26.7 rcsistance (damage rating - 3). 

(V ((7) 28 Breeding for resistance. \Ve conplted 6 cycles 

1. I)..\1 r I\ iitcr 111p crcrlncI , of mass selection for midge resistance in the 
head-pest resistant sorghunm population ICS P 
117 (ICRISAT Annual Report 1986, p. 3 8 ). We 
evaIuated the 6 cycles ofICS I'117 for resistance 

inlestation. I he percentage of stem borer dead- to midge under natural infestation during the 
hearts of I(S'P 118 in ('vole 6 was 63.3 under rainy season 1987 at I)harwad, to estimate pro
natural infestation compared to 16.6% lor IS gress made Under mass selection. \Ve observed a 
2205 and 96. I,Qo ( 'A I. \Vc believe that mass significant decrease in the percentage of chaffy 
select ion Ior stein boii reris tance is not effective florets from 72. It in Cycle I to 27.4q in Cycle 3, 
and will therleforc uset.I S ,recurrent selection but a slight increase after Cycle 4. The percent
method in an attempt to infproveC stem borer age of ct fly florets in ICS 11117 Cycle 6 was 
resistance in ICS1P 118. 31.5"i conlpared to 6.607i for the resistant con-

We also s, recncd I I I. progenies for sten trl, ICSV 197 (PM 1134'4l) and 56.5Q7 for the 
borer resistance under nltnral infestation at suscepti ble control CS II I. 
I-isarand artificial infestation at l(RISATCen- We produced 210 hybrids between midge
ter during the 1987 rainy season and selected 9 susceptible female parents and midge-resistant 
progenies with resistance to stem borer tnder male parents and ewluated them for yield at 
both natural and artificia! infestation. ICRISAT Center and for midge resistance at 
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Table 6. Biology and adull emergence pattern of sorghuni midge (Contarinia worghicola) on 15 
sorghunm cultihars I(RISAT ('enter, posirainY season, 1986/87. 

No of 
.o. to midl'c , , it;II 4 (d i. attc[" illCSiltitiOll) lliidgles Postellflh) l lic 

Ii IN 
n~m 
9 20 21 22 23 

---

24 25 26 
--

27 28 
-

29 
--

30 
---

31 32 
~ ----

33 34 
eerged 
panicle -

de\ elopmlenlt 
period (d) 

IS 3461 
IS 7005 
IS 8571 
IS 8721 
IS 9M07 

75 50 of 99 

85 
82 
43 
40 
25 

25 7 
75 20 
fi,29 
44 33 
21 2 

5 
6 
7 

27 
5 

4 
-
5 

21 
3 

2 
5 

4 

-1 

3 

4 4 

128 
198 

160 
450 

60 

25.6 (±1.12) 
26.0 (j1.31) 
26.4 (±L.00) 
24.0 (±2.30) 
26.0 ('1.50) 

IS10712 
IS 1947.1 
IS 19512 
I( '.V830 
I(SV 831 1 

23 19 32 
20 31 

82 
5 9 

33 
10 

32 
3 
I 

I 
12 
10 
2 
4 

I 
2 
4 
2 
9 

3 
2 
5 
3 
I 

2 
3 
1 
3 
I 

2 
3 
I 

I 

2 
6 

3 

118 
9)' 

135 
27 
20 

27.0 (±1.88) 
27.0 (±2.26) 
27.( (±1.16) 
27.3 (±2.03) 
30.0 (±2.51) 

I(SV 832 I 4 7 2 II 6 4 44 18.0 (±2.03) 
I(S\ 197 

Il1\l11344) 
I). 0514 
I..\.\1 2566 

3 I 3 5 3 
22 

2 
19 

6 
4 4 

5 

29 

9 

26 

I 

22 

2 

22 

1 3 5 26 
23 

148 

30.5 (12.27) 
23.0 (±2.01) 
28.0 (±2.39) 

t1 I 1.39 86 98 64 100 46 47 25 27 6 I I 640 22.0 (±2.43) 

I Ntl _ mN ).tl IICI IClllhc ji' st dlid tr uSI 

D 1h1a ad Iccctd II-\ hrIds (I ('Si 1889 and by midge. Ofultivars IS 34-1, IS 7005, IS 8571, IS 
I(5S'11081) that .icldcd %.clland \Ycrc resistanrt tO 9807, IS 10712, IS 19474. I',V 830, ICSV 831,
itide' I les'- , ')hactr, compared to ICSV 832, 1(iSV 197 (PM 11344), and l), 6514than 25' ,'.hai 

,X01 for (Sil I). \%,e iduntificil two Inidge- suffered - 25(1 midge damiage over four seasons 
res,i.ta::t iic acnts l('SV'833 and I('SV 834) compared to X7.7( in tIhe susceptible control 
to hc foncstolcrls and thc:,( ill heconvelted to ('Sl- I. I. 6514 with 9.81'7 and ICSV 197 (PM
malc-sticnIcs. \\"e aks) evaluatcd 131 advancd 11344) with 11.5(T midge damage were found to 
mil c -osist ant hcc!H' lie:s for \-icld at I RI- he (le most stable cultivats. 
S\ I ( 'te. r amid midge cresistance at I)harwad. 
d( im,0 thie riivN WC :)elected 3Ii97 scas on. 
iid:-rcsistll lines with high yield potential. Ilead Bug (('ulocoris angustatus) 
ICS V 715 and I(SV 75,; .',l the tI ost produic
tie (. 4.0 ha ")aid .c-rcistant lines. Yield loss assessment. We evaluated the effect 

of difrentt levels of hCad-hIug infestation otn 
Stability of re.'sistance. \Vc (tdid the sabilitN grain yield in the susceptible sorghum hybrid
of resistaric 1o sorgl lNliHid,'C tl(ler no-Choice CS 1 5 at four stages of panicle development
conditions lot four seasons. Live panicles \wete (half anthcsis, postanthesis, milk, and dough).
infested in each replication witii 40 midges for 2 Plots \ erc spra d with cirbaryl (I kg a.i. ha-i)
cotisecutive days under head cages. )ata were in eight different conhinations of protection at 
collected on the percentig of fIlorets damaged the four stages of panicile development. Head 
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bug numbers were reconed in 10 randomly- The head bug population coun!s in cages and 
selected panicles in each plot 24 h before, and 24 100-grain masses, e.g., with and without head 
h alter spraying. hugs, on sone selected sorghum cultivars are 

Plots protected at all four stages of panicle shown in (Table 7). The head bug counts in cages 
deelopment yelded 2.3 t ha I compared to were east in the resistant control. Mali or 84-7. 
1.08 t ha I tile unprotectcd plots. lead bltts [he reduction ill 100-grain mass due to hte,!bug 
inflicted 51-; a\oidahlh Iosses in grain yield. attack was least in ICSV 2 BF (SPV 35). ICSV 
Plots protected at half-anthesis and or postan- 10-5 BF wa!s tiodCratel resistant when both 
thesis and milk staeICs sLffercd a loss of N')j ill criteria were considered and had the highest 
graill yield. HowevCr, plots that were not pro- yield (2.1 0 t ha '). LCSV 1147 BF supported the 
tCtCd at these stapes suffered 34 5611 loss in hiest population buildup and suffered the 
erain yiief.l . lna.\intln loss in 100-grain mass. 

Regression ol head bug nuinhrs at half
anthc:,i, (x,), posta nthcsis (x.,), x,), and
milk Southern Africa
 
dough (Q.) stages on grain yeld i.v)explained
 
93.7i of the \ariatiol (y 3(52 156.5x, 83.x, Pest Surveys
 
+9.4x, 557x.)..Arn infcsation of one head bug 
parnicle at all :,tacs of particle de\elopment We assessed the relative importance of the dif
wtould resuIt in a I sN of 286 kg ha n.Based on ferent insect pests of sorghum in Malawi, Tan
cost of"controdl and tie preselt Market v:tlte ol /ania, Zambia. and Zintbabwe. Chilo partellus, 
the grain, head h ug numbeirs 140.5 I panicle I herigona socCata, and aphids (AMlcinaphis 
would cotstit ute the ccontrmic injutry level for sdeChari,Rholwlosiphumnmaidis)were found to 
this inrsect and warrant control t:teasttres. 	 be the predominant species. Sitotrogacervalella, 

.Sitophilus leamais, and ,SitopMilus orizac were 
the most imnortant storage insects. Studies on 

West Africa their distribution and damage severity are ir, 
progress. 

11e,10 Bug ( Eui~rs!utlsspp) 

Resistance screening. \Ve evaluated 30 sorghum Shoot fly (Atherigona soccata) 
culttivars, including controls, selected as less sus
ceptible to head tugs (lVrtir'stvlu spp) froi the Biology. Shoot fly in the SADCC region is a 
breeding trials in 1985 (in Mtli) and 1986 (in problem ony in late-sown sorghum. We moni-
Btrki a IFaso) at two sowing dates and intwo tored shoot fly population:s at Matopos using 
hcation., Katoinnsttand Faroko-13t. In each lFishmeal traps developed at ICRISAT Center 
phtt. tvo atdjacent panicles were individuaIl (ICRISAT Annual Report 1982, p.20). Trap 
caged aftcr complete antliesis. '['ventV pairs of catches were high in March (up to 80 d-I) but the 
ad dt bugs were released into one cage while the populatiol declined rapidly in April and was 
sect,-... cage had no insects tnd served itsa con- zero in May. 
trol. 'I wclVty datvs after the releae of bugs i'rto 
the cages, we opened lc capes to count the total 
numher of hugs inchlding nymphs. After iar- International Sorghum Shool Fly 
vest. 100 gratts were weighed frim paicles with Nursery (IS"FN) 
and without head bugs. Seven entries were foundl 
to he later flowering than tre rest and were trere- We sowed the ISSt"N in Tanzania (Gairo), 
fore excluded from the tnalysis. At 1-aral,o -l/t Zambia (Golden Valley), and Zimbabwe (Aisleby 
head bug popuhttion pressure was too low, so wc and lanmure). The best entries across locati,.as 
did not consider that location, 	 were PS 28062, PS 31388-2, and PS 31405-5. 

http:locati,.as
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Table 7. ihpild up of head bugs (Eurys'lus spp) within cages, and their effect on I00-grain mass of 
selected sorghurn cultivars, Kamhoise,, Burkina Faso, rainy season 19871. 

100.-glain titIS (g) 

No. of head hti ficages: . IT;y Tu-T 
Ctutivar KIII KKP Mean Kit I KIt 2 Mean K I Kit 2 Mean 
I(S'V 1003 13 54 (7.2) 67 (8.1) 1 (7.7) 1.63 ( .57 1 .60 1.88 1.79 1.84
1('S\' 7-1 IF 52 (7.2) 77 (8.5) 65 (7,8) 1,41 1.23 1.32 1.68 1.53 1.61
1(CSV 122 HI 63 (7.9) 6- )7.9) 64 (7.9) 1.26 1.21 1.24 i.75 1.79 1.77 
I('SV 2 fI" (S('V 35) 89 (9.2) 47 (6.9) 68 (8.1) I4i 1.27 !.34 1.65 1.48 1.57
I(s'V l0)ol il (:rinl~i) 91 (9.2) 57 (7.5) 74 (8.4) 1.75 1.26 1.51 .83 2.05 2.27 
I('SV 16-5 13[ 1(0 (9.3) 1(910.41) 115 (9.8) 2.14 1.(,3 1.8) 2.48 2.05 2.27
( 'SV 147 BI 155(12.4) 147(1(.8) 151( i2. 1) 1.41 1.17 1.29 2.4) 1.60 2.01 

C'ontrol, 

lalisor 84-7 (Resistant) 51 (7.1) 52 (7.2) 52 (7.2) 1.07 
4 

1.44 1.26 1.61 1.53 1.57 
I cal -iiei\ 46 (6.8) 1.34 - 1.70 

S11 (±I 8) (±1.3) ±0.19 ±0.1 8 ±0.3)1 ±0.25 

Mein (22 l(0K It1) (10.7) (9.2) 1.59 1.42 1.51 2.12 1.79 1.96 
(23 l ,KIi 2) 

(V (7) (28) (23) 21 21 26 24 

I Rindoinvcd complvlc h!ock design Nith 3 rcplications, plot si/e7.5 m-. 
2. KII ,s sIiii 250 monon Jlne ind) KIt 2 Of 8.Liy 1987. \iliC S9OIUC rootin) piirCtlhCSt'Sgirt' tnInQtollationns.3. tffl (') \kithl 1)(1j,, 11(-! - %610It haduPS.-- h1C;d L ;l 

4. i)d[lot CLlahl, h inKB I. 

Stem Borer ( Chilop:rtellus) 1982, p. 23 , 1983, p. 30) and modified it to suit 
local conditions. Three generations were suc-

Yield loss assessment. We evaluated grain yield cessfull' reared withIta larvae-to-ad tilts output of
loss due to ('hilo partcl/us using (he methodol- about b5f:j and male to female ratio of 1:1.
 
ogy developed at ICRISAT ('enter (ICRISAT
 
Annual Report 
1985. p. 43). Iwo variClics, Red Screening for resistance. We evaluated theSwai atd Cgaola tje ereC sed in this study. SAI)CC/ICRISAT disease nursery containing 
Resuls obtained from trials sown during rairny 1200 entries from the SAIDCC region at Aisleby
and dry (v it irrgation) seasons indicated that inZimi babwe for stem borer iesistance under 
slem borer attack occuring 25 35 I)AIF was the heavy stein borer pressure. Forty entries were 
most severe. Yield losses of 43( )1 Segaolane selected for further testing. 
and 307 onl Red Swa/i werC recorded dturiing the 
failly Season. 

International Sorghum Stem Borer Nursery
Insect rearing. We succCsst ullv translerred to (ISSBN) 
SADCC, ICRISAL and the Dcpartment of Re.
search and Specialist Services itI Zitl;ibhwe, the Of the five locations, llonga in Tanzania, Golden 
mass rearing technique developed at ICRISAT Valley in Zambia, and Aisleby, Panmure, and
Center for ( partelhis(lCR (SA' Annual Report Mzarabani in Zimbabwe, where the ISSBN was 
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sown, acceptable results were obtained only landraces, which are tall and photoperiod-sensi
from Aisleby and Mzarabani. Out oft25 entrics, tie, have desirable large panicles with bold 
we selected 4 (IS 4776, IS 12308, IS 22039, and white or yellow grains, good food quality, and a 
P13 10306) with less than 501, stem-borer lair degree (,A tolerance to drought. We crossed 
infestation. the live landraces to three dwarf and early, day

neutral genotypes (IS 10513, IS 18729, arnd IS 
10927) diing the 1986 87 postraitl scason and 

(entral Amutrica, Mexico, raisud their Fs during the 1987 sulnmer season. 
and the Caribbean Becamse these :s1 were photoperiod-sensitive, 

we coV\ercd the I. seedlings wit iblack polythene 
Sugarcane Borer ( I)iatrnea.saccharali) bags when they were 15-days old from 1630 to 

0830 continmuollsly for a period of 3 weeks to 
Wcarilticiallv infested the ISSIN sent by IC RI- induce flowering. We evaluated their I proge
.SI (enter with It) h t rvacof I)iatdaeasa,- f6rues(uring the 1987 rainy season anid i(cIitied 
cL/,imi.S per plati at 25 I)AS. On a scale of I 10 desirable dwarf, early, day-re utral F- progenies 

li Ic I i, re>,tan 1, iost sisceptible, we backcrossed to their respective landracesd ;mtd0 that we 

,ced~ line IS-2341 .as3.6 and lines IS 1757, duringrlhc 1987/88 postraiiy season to complete
 
It Sv\ I (( -sV II ), IS 5619, IS 55,',5, IS 18579, IS the first b~ackcross.
 
',5S~v), and IS 13100 with in average scorc of4.3.
 
\Vc ,corcd the local cotrrol, ISIAP Dorado,
 
whichl is uotcd it)r good te in lharer to)leranice ais Mullifactor-resistant Populations (MFI)
 
5.0. 1lie average ,.otc ot all 25 entries in the trial 
%was1.7. 	 We merged R,1iMFR and B/ MFR population

base materials to form a broadbased Il1 popula
tion fron which we will derive two populations;

Plant Improvement 	 ICS1) i IR 1M FIR and I( 'SP 2BIR/MFR that we 
will improve for raio-scason i.daptatioll. This 
was (lone because we did not have sufficient 

ICRISAT Center diverse, imnproved, nlolrestorer liires with stable 
resistances to grain molds, shoot fly, stem borer, 

Photoperiod-sensitive i,adrace Conversion fidge, and 'trkLa to be able to form broad based 
nonrestorer (13) populations. The BR/MIFR 

We continued the convcrsion of Kaura, Giui- population-base material (ICR ISA' Annual Re
neeri:c, and Iaralara landraces frorii Nigeria port 1986, pAI) remaiis unchanged and will 
(ICRISAI Antun ntl RCport 1980, p.40-41). We henceforth beconic ICS P 3 I,/MI R and will 
evaluii ated 24 first back e ss 1 K) segregat inrig be improved I for postrain y-seaso n adaptation.
progenies inv,',lving 4 KiLa and 2 Guineew 	 Because of these changes, we will olly composite 

lariaces, and 27 F.scgregating progenies iivolv- three broadhased populations and not fiv, as 
Ing l(iuiicnsc and 8 Farafara ldraces during reported in ICRISAT Annual Report 1984 
the 1987 rainy season atl I'RISA] (Center. We (p.40). 
identified desirablc d,,art arid early daY-netutral 
A, progenies that we backcrosscd to their respcc- Merging R/NI FR and lB/MFR population-base 
tivc landraces dUririgthIlC 1987 88 pstrainy sca- material. We separately intcrinated R M FR 
son to coiiplete tlie second anrid first backc; osses. a1di Bi M FR population-base materials du: ing 

We also initiated cmveCsi ollof ivc lndraces the 198o,' 87 postrainy season and introduced 
(3 Durra-Caudatuns: IS 29017, IS 29018, IS additional sources of resistance to shoot fly, 
29027; IS 29054, arid 2 I)urr s: IS 29054, IS stem borer, nidge, and Strigva asi:;tica,ability to 
291012) from the Ycnun Amill Republic. These emerge through a soil crust, and lines with high



Table S. Number of sorghum lines with desirable traits that have been introduced imo R/NIFR and 
B/ .'%IFR (rainy-season a:daptation) and (SP I IR/NI FR (poN trairty-season adaptation) populations. 

N mnbe'r II reYtalitlilies 

R MI.R and IB 'IR I(SP 3 lR \1I.R 
lactol, ;adaptation aspccts (mI 

Shoot I1\ 
Stein hol 
NI idgc 
(hIami molds 
N IfIIa 

Stln CtNIahlilliici
t 
\mlwiere- 'eI-

I C'1diwaece ,IImdmfo'\ nvnildew 

Phitosm miti,,e amid tMmmlp1r LuC-Vinms-sitive 


lb d 1!11a111 

timnimim, ,+Jimuht 

iii,;-p tm",la% adapted lines
mltv-', nt 

)li aid c;Ivv 

yield potential during the 1986/87 postrainy sea-
son. Table 8 gives the number of improved lines 
withI resistances or desirable agronomic traits 
that we have so far itcorporated in R/M FR and 
1'M FR Ipopulation-basC niatrials. We lcrgCd 
R M FR and B I FR popultiol-basc materials 
during the 1987 rainy Weason and forled a 
broadbased lI MI1kRrainy-seasm opoulation-
base material that wC ranldom mated during the 
1987 88 postrai nv season. 

ICSP 3 BR!M F'R (BIR/ XIFR postrainy season 

population-base material). We random mated 
this population-base ":aterial during the 1987 
rainy season, and tile second and third cycles of 
random mating will be carried out during the 
1988 postrainy andlsunmLncIr seasons. Tlie humieor 
of improved lines with resistance sources that 
have OCen incorporated imiio this population to 
(late are given in Fablc 8. 

E'valuating Advanced Elite Varieties 

We evaluated 75 elite potrainy-season varieties 
in two separate trials during the 1987 postrainy 

adaptatiomi Psti ainy-.easm: adaptation) 

9 15 
10 
I I 
3 
5 

5 
0I 
0 
3 

7 
4 
6 
0 
0 

3 
6 
0 

29 
30 

0 
0 
3 

17 
9 
3 

season at ICRISAT Center. From the advanced 
trial ol 32 eiai'es, we selected three varieties 
(ICSV 86 603, ICSV So 586, and I('SV 86 590), 
that vieldced 4 , ha Ior more compared to 4.1 t 
ha I lor the onltroil varicty 1M 35-1. From the 
preiituriry tiial ot 43 entries, we selected three 
more1c \Irietics (I('SV 86 012, ICSV 86 616, and 
('SV8 646) which yielLd 4.6 t li I or more 

compared to 3.9 t ha I lot the control variety M 
35-I. 'hese sclcted varlet ins are beiig evaluated 
for grai lVeld during the 1987/'88 postrany sea-
Sol toIfUrt her confirm Iei r supet iority over the 
control. 

\eyield tested 36 elite varieties inthe advanced 
variety trial (AVI ) and 125 elite varieties in two 
scpa:ate pieliminary variety trials (PVT) during 
the r:.iny se:lson at ICRISAT Center, l1havani
saga., and Dharwad, India. Yield dat, of'selccted 
high-yielding entries Irom the AVT are given in 
Table 9 and those from the I1VTs in Table 10. 
ICSV 221 produneed the highest grain yields (4.35 
t ha ) across locations in the AVT while IC'SV 
681 and ICSV 745 produced the highest grain 
yields (CSV 681 4.41 t ha- I and ICSV 745 
4.68 t ha-I) in the PVT. The selected varieties in 
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Table 9. Mean grain yield (t ha-) of top-yielding sorghum entries evaluated in advanced variety trials 
(AVTs)' at five Indian locations', rainy season 1987. 

L.ocationl 

nI 2 3 - 5 Mcan 
ICSV 221 
1CS\' 430 
lCSV .1! 

2.80 
3.03 
2.72 

1.32 
5.15 
4.83 

2.51 
3.33 
2.43 

3.32 
4.56 
4.45 

0,7S 
5.41 
6.53 

4.35 
4.29 
.1.19 

ICSV 233 2.14 5.16 2.17 4.62 5 93 4.00 
1(,S V 273 
I(S V 331 
ICSV 5-43 

1.89 
2.67 
2.61 

6.01 
4.74 
5.11 

1.90 
1.92 
2.12 

3.92 
4.23 
3.42 

6.23 
6.39 
6.45 

3.99 
3.99 
3.94 

( '.inm 
I(SV IIL(.S1)475) 1.17 4.90 2.04 4.13 7.24 3.90 
SI: ±0.35 ±0.33 ±0.28 ±0.59 ±0.33 +-0.17 

1tialmean (36 entries) L.59 4.94 1.77 3.43 5.88 3.52 

'V i) 38 12 28 30 

lillicicn v (1i) 101 103 126 101 94 

I. 6 - 6 t1p1h1ltIiL dcIL 'nn. 

2. Ih CwIJm 
I 

.3 
4 

5 

KI S.\ I (Cntel .\ndh a I'dadesh. plot Nuic 9.6 i-. \'ct uis,.high Icrtilit. IN 86:11 40:K 0).
W('RIi; I ('clhtcl..\uidhil Ilacc1h. plotn ile12uI.. V'ltisol. high Icitilmt (N 86:1' .0:K 0).
W RIS"A I ('tm.I,.Auilu Priuicsfh. plot ,. 12m., Alliol. high Icrtulv (N 86:1) 40:K 0).

dlia". uniag. I m du, phu, t,,1(, I,.X2, \ji'+oI. high tLclit\ (N 80:1' 30:K 3)).
hanuIad. Kaun~taka, plot Nil 7.2 in, Vctiol. hi.ch hcutilit. (N 100:1' O:K 60i). 

AVIs varied inplant height (1.6 2.3 in) and time ing new maie-steriles during the 1987 rainy sea
to 50(. flowering (66 74 d 1. Four selected varie- son at ICRISAT Center and B1havanisagar. We 
ties '('SV I (('SV II), IC V 743, ICSV 745, and selected 3 male-sterile lines (IC ,A11, ICSA 18,
1C SV 758 were found to h resistant to mid ee in and ICSA 65) that gave high and positive G(CA
the preliinlary midge resistanlce nurseries at effects across locations. TIhese male-steriles 
lDharwad. l(.'-V 543 was ido found to be resis- Vill be evalu:tcd agaitt at more locations to con
taut to anthrac:osc, ,re, leaf spot, and zonae f'irl their superior (CA. We also evaluated the 
leafsptt in prclim;nary disease screening nurser- G('A of onr 12 most promising postrainy season 
ics at lantnagar, India. Two other varieties, male-sterile lines during the 1986/87 postrainy
S(SV 705 aid I('SV 712 that yielded slightly less season at ICRISAT Center. We selected 5 male
than tile selected ,aridtics, were found to be steriles (ICSA 70, ICSA 72, ICSA 73, ICSA 74,
resistant in prelliu'nll, shoot f]N screening nur- and ICSA 79) with high and positive (iCA.
series at ICR ISAT ('enter. Ihese selected malc-steriles \will be used to pro

duce post rai ny-: eason hybrids for preliminary 
yield tests in 1988. 

Female Parents (Male-steriles) for lybrids We evaluated the performance of l3-lines of 
orr most promising A-lines during the 1987 

Milo cytoplasm. We evaluated the general rainy seasonat ICR ISATCenter, tlhavanisagar, 
combining ability (jCA) of our 14 most promis- and I)harwad. Three 13-lines, ICS1 3, ICSB I, 



50 S.'ghlum 

Table 10. Mean grain ,,icld (t ia ) of top-,ielding sorghun entries evaluated in preliminary variety 
trials' ( V) at six Indian locations-, raini season 1987. 

L~ocation 

ria IiItr 	 2 3 4 5 

I1VI I 
I('S\V w6 l 	 5.62 5.91 2.45 3.21 ?.45 

1(SV 6 2 4.88 5.78 2.46 2.25 3.39 
IS V o694 4.98 5.95 1.96 2.11 4.98 
I(SV 688 5.40 5.53 1.74 2.69 3.23 
I('SV 689 3.41 6.43 1.95 2.88 3.07 
I(SV 67 4.47 6.39 2.09 2.26 2.42 
1(SV 683 3.76 5.82 1.6-4 2.54 3.43 

C IIt 1oI 
ICSV 112 (SPV 475) 3.74 4.74 2.45 1.06 2.67 

SI 	 ±0 47 ±0.42 ±0.40 ±0.34 11.49 

1rial mean (25 entries) 	 3.93 4.77 1.84 1.70 2.56 

Cv ( ,) 	 21 15 38 35 33 

Eliciencv ( 1 	 114 103 104 91 101 

IVT 2 
ICSV 745 4.39 4.62 4.01 2.32 5.51 
I(SV 758 4.69 4.00 3.77 3.05 5.44 
I CSV 743 4.44 3.31 2.89 2.18 6.20 
1ICSV 725 4.75 3.88 3.03 2.56, 4.77 
ICSV 739 3.58 4.69 .3.37 1.8) 5.58 
I(SV 727 3.66 4.28 4.25 2.67 3.06 
ICSV 72. 3.70 3.50 3.15 2.55 4.92 
1(SV 747 2.60 4.27 2.42 2.14 5.36 

(ontrol 
I'SV 112 (SPV 475) 4.32 3.78 2.65 1.56 3.93 

SI 	 ±0.57 ±0.40 ±0.41 ±0.4(0 ±0.62 

Trial mcan (1(00 entries) 	 2.36 2.85 1.80 1.25 2.98 

CV (11) 	 42 24 39 55 36 

lilficiencv ('7) 	 98 104 120 108 106 

I- PVI 1, 5 5 triple latticedesign. 
PV I 2. I0 10 triph. l.itic, dcsigii. 

2. 	L cn.ations: 
I t(RISA I ('cintl, ,\ndhi I'r;idcsh. pilt sue 9.6 ii. \'eltiuN, high fcrtility IN 86:I 40:K 0). 
2 II RISA I (eitei Ai idesh, pit si/e 12 m IN 86:1) 40:K 0).ll ra ,\'crllnl, high Icrtility 
3 I(, .A I (enter, Andhru I'radcsh, pint sie 12 m \llisol, high leiilit (N 86:11 40:K 0). 
.1 ICRISA I (Center Andhri l' i 'shi.pint si/c IN 43:11 20:K 0).12 ni1, Allisol, Jim lertility 

5 Ilhavainisagar, Iamil Nadu. plot S-c)1 m:.A,,\lisol, high litrilit, (N 80:1' 30:K 30).
 
6 Il)harsad, Kainat.ka, plot si/c 7.2 m 2

, \'cti, l.high Icrtilit\ (N 100:1 60:K 60).
 

0 Mean 

6.83 4.41 

7.66 4.40 
5.96 4.32 
7.21 4.30 
7.03 4.18 
7.13 4.13 
7.02 4.03 

7.40 3.68 

±0.47 ±0.18 

5.98 3.46 

14 

108 

7.25 4.68 
6.83 4.63 
7.42 4.41 
7.15 4.36 

6.87 4.32 
7.96 4.31 

7.81 4.27 
7.52 4.04 

6.10 3.73 

±0.57 ±0.20 

5.14 2.73 

19 

105 

http:Kainat.ka
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an Ic(_S 18 prod43ced higll and stale gra in 'Talle II. Sorghum germplasmi lines thal res
yiels ( 4.3 ha - I) signific y higher tha the tored fertility when crossed onto milo (A I) and 
grain yield of the control 29611 (3A t h Thn n).selctdv rid-Ifleitpla t ic,-Ii ( .2 1. 11) no nlimilo (A , A,, and M adandi) c oplasunic
selectedl-lines varied iinifit hei0hl (1.2 I1.6 in) male-steriles, I(RISAT (enter, rainy season+
;aiu lime wo50"7 lh\'Criinu (51)67 d). I('S;I II 1987. 

Th s\vcd rteistanc to alnthlracilosc, /olla cill 

.pot. ind Lie% ICal Spt ii picliminaly d sc pe C lo lithIll fof' lilcsI ci I% t Ntoibe 

*+.irtuiili-nuri;seli -,at eant A , .\
l l],Lar. A., Mahlaioli 0 

\WC COMtiiiitlI the co\iierslon oif39 iioirestolr- A A A2 A,, A ... \,23
 
ur, i 11nV. fcmale parcntls. We completed third A. A, I ldandti 3
 
An I Itiri l hack crosss tof 2- I these d I lie A .A I
1rineg Na\, iahfafdi 


o)N, O ( , p(,,trainy .i.itll and sccond and third . A. MatI dai I
 
backe o.ros,,c lor the Iciiiiine 15 t)o irslo il.. A
 

,tkini p,tie 10,"7 riW \ Nelon.C AA,\. ,A\ 2121
 
We also c.altijtcd 920 I- pnr . lics derived ., A
 

1ro 1 13 ' liR sisuil, Selected progenies A , ahlalandi 3
 
ith desitab.uaoaoliic characteristics. These A~,Maiandi 2
 
ill bc C%
aliualtd ill lt)S iid iioiircelcrs will be
 

ldciti d ot ctil S s I tl s A. 2
m ,h t6 , Iemale parents. M id idiAr 0
 
\c A151 nv.lattd I ,)I ' p[moecnics (leriICd !Iorn 69
 
I 11M - R I and made 694 idividmil plant A\, 26
 

slection, It t lurth ct 'lsil . Malandi 
 17 

Normilo Cytoplasm. \Vc mnadc crIosscs between otal 235 

mih) (I) and tnoniiil cytoplasm inalc-stcrilcs 
A. , and NI aldadi) and 250pcigeiplasmi lines 

that were observed to restore fertilitv on ,\ 
(130), A (95), and Miaid.andi (25)iln 1986(I('RI- high and stable yields across locations (, 4.5 t 
SATI Annual Re port 1986. p.46). We grew the ha "), significantly higher th:n tile control res
resulting hybrids during the 1987 rainy season at torer, CSV 4 (4.0 t haI), l'hcsc restorers are tall 
ICRISAT Center and confirmed 69 germfplaisn (1.6 2.3 In) and lower latc (67 75 d). We will tse 
lines to specifically restorc fertility (in A , only, 26 them to prodtce tall hybrids with high fodder 
on \(, and 17 ol NIaldaiid. We also fouid that yields. 
slome gernilasm ulies restore fertility on lmilo 
(AI) as well as oil ne otr nilore of the noninilo 
cyt oplasi ic malc-stcrilcs CI able II). Wedid not Hybrid Evaluation 
find any geriplasm line that restores fertility on 
n ilo as well as oi all tie tihrec types of nonlilo We evaluated 96 hybrids dtlring the 1986/87 
Cyt oplasmlmale-sterilcs. postrainy season at ICR ISAT Center and selected 

five hybrids (ICSH1 86 646, ICSH1- 86 758, ICSHFI 
86 694. ICSIH1 86 693, and ICSH 86 675) that 

Male Pareats (Restorers) yielded 4.9 5.2 t hla- I compared to 3.8 t fia- I for 
the commercial control hybrid 'SH 12R. The 

We evaluated 64 restorers during the 1987 rainy selectcd hyhrids were tall (2 3 i), with tile desir
season at ICRISAT ('enter, llhavanisagar, and able stay-green plant character and (lid not 
Dharwad. We identified eight (ICSR 30, ICSR lodge. 
103, ICSR 105, ICSR 1)7, ICSR 117, ICSR 122. We evaluated 36 agronomically elite hybrids 
ICSIR 144, and I(SR 154) restorers that gave iII the advanced hybrid trial (AHT) and 89 
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hyhrids IIItwo , parat, plintcin.,ry lybr tria, 
(W1l1l) during the 19N7 raiflyscasoli at (RI.A\ I 
('ntIr, lC ar,auar, and I )har\\ ad. Yield data 
of tIle "lected hich-\ildin llhvbrId in th IPIll 
ale Ivun iII Ial I 12 and1( Al II ittho,"' in the 
laAi 3 1th lcct( hthrids \;aried in plant 

Table 12. \Man grain yield (I ha-') of l.lo-yieldingl 
Iriak (I'llF)' at six Indian locations2 

II 


Pill I
 
I('Sit 791 

I(CS11 ,15 


I(S11 801 

I('il 799 


oit rol 
I(S11 153 (('S11 II) 

S1 

lrial iean (4 entries) 

(V (i 1 

Fliicl,:[e\ (C) 

111IT 2
 
ISII 856 

1('S11 842 

l('Sil 841 

1(S11 839 

ICS11 859 


('l IolCS I16 

S 1 

1rial incan (25 entries) 

('V ((7) 

17lliciencv 0.1 

I. 1'l!, , lattice1 8 IIplp dc.ign.
 
'ill 5 titph. litice design.
1 2, 5 

2. 	I ocalt1mt: 
I I'RIS.\I ('tch, *\rilla J'radv,h, plotl 

2 I(' , \ I (tnte., 


, rainy season 

2 

hiht ( 1.8 2.4 fi) and time to 50C flowering 
(00 70 d). Some of the selected ly hrids (ICSH 
479. lI'SlH 245, iS 11 527. ('Sl I 799, and ICSII 
(01) were lotl1d to 118\'e, lesislanec to(anthrac
loe. /Olate leaf spt), and grey Iaf.spot in pre
lhlilr, diseasW Sc[Irt'i1tie nurrics at lPantnagar. 

sorghtim entries evaluated in i)relimiiry hybrid 
1987. 

3 4 5 6 Mean 

7.19 0.98 373 1.77 6.03 9.00 5.78 
5.94 5.82 3.40 2.9.3 6.57 8.97 5.01 
6.77 6.55 2.28 2.54 5.88 8.83 5.47 
6.25 7.15 2.83 2.85 4.71 8.42 5.37 

6.35 6.37 3.12 2.00 4.82 8.72 5.23 

±0.91 ±0.56 ±0.58 ±0.59 ±0.88 ±0.61 ±0.29 

5.38 5.84 2.32 2.18 3.83 8.28 4.64 

24 14 35 38 32 10 

90 !01 112 97 159 96 

5.42 5.97 2.67 3.4,. 6.25 8.75 5.44 
5.94 5.93 1.25 3.7(0 7.78 7.06 5.28 
5.83 5.0(1 2.25 2.99 5.56 9.86 5.25 
6.15 6.70 1.(18 2.56 5.24 8.20 5..-T 
6.25 5.15 2.14 2.47 4.61 8.56 4.91 

6.15 3.38 !.67 2.36 4.23 4.86 4.93 

±0.86 10.79 ±0.49 ±0.30 ±0.71 ±0.69 ±0.29 

5.49 4.801 1.45 2.24 5.49 7.71 4.53 

22 23 48 19 23 13 

88 81 86 107 79 86 

,i,-9.6 i ,\'ertisol, high itility (N 86:1' 40:K 0). 
.\ndhal It h."+,phl ,i.c12iW, \ertkol, high fcilitv (N 86:1' ,0:K 0).

3 I( RISA I ('cuter. Arltura l'raueh, plot i/e 12n', Allisol, high ,etilitv(N' 80:11 40:K 0). 
4 z I RISAI (crnci,.-Andhtu I'rmdesh. plo .,'c1211., Alli,. l , ferllitY(N 43:T 20K 0).
5 lIlhaanisagai, lamillNadu,pht sizej 111, Alfi l,high lertility 

2 
(N 80:1' 3):K 31).
 

.- tika, plt Ni/c 7.2 m-. ,'crtisol, high Iclt.iiv IN 100:11 6 K 601)
lharv.;ad. K:In 
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Table 13. Mean graiti yiel(l (t ia -') of top-yielding sorgiini entries evaluated in advanced hybrid trials 
(AHT)' at five Indian locations 2 , rainy season 1987. 

L.ocatio 

:ntr\' I 2 3 4 5 Mean 

I('Sl 527 5.43 6.54 4.08 8. I 5.97 6.23 
I(11 479 5.12 5.68 3.14 8.83 7.21 6.00 

I('S11 56(1 5.45 5.75 4.01 7.07 7.50 5.96 
ICSII 245 6.22 6.32 3.37 6.30 7.57 5.96 
1(11 4.14 6.24 6.75 4.24 4.90 7.30 5.89 
IUS 128 4.30 6.19 4.60 6.69 6.88 5.73 

Co",I t Io I 

ICS II1153 ((S II1) 5.86 5.86 2.71 6.94 7.87 5.85 

SI' ±0.56 ±0.39 ±0.30 !0.73 ±0.36 ±0.22 

Ilal Ilnean (16 entries) 5.15 5.65 3.19 6.31 7.12 5.48 

1W 19 12 17 20 9 

l1fiIcin\ (1i) 102 117 104 104 108 
-t plc (,fl ic 


2 I. c. tI n
 

*. i' i d,JciPII 

I R 'RIS\ I ('cncI ., \ihhii,I tiidchi. p! o Ii/ i 9 ' in . Vetiti l high fctilit , (N 8 :1 4(:K (0).
 
2 I( ( c I. 'hdhlA Plllt'lh, (( Si/C 12 1-, \crii,,I. high IcOlilitN (N N(,' .40:K 0).
RIS\I ' c 
3 ( 'RIS \ I ( All l! !Plodc',h. pit ,i/C 12 Il.%Allinul, high Ictilit\ (N S0:P .10.K 0).
 
4 L ill.ll N1/dli, plot ,,/c S I ,'. ,.\lh o], hi ' I l lilV (N S0:T 3.0:K 30).
 
5 1)h,irx.i.d. -till'r.1k phil "/c '2 In:. \ cti,,ol, h( ii IctciI,.\ IN 100:1, f)O:K 00).
 

\Vc Iaso evaluated 2) doring the 1)87'bridr& Acceptable Cooking quality was also an impor
rainy season at I(RISAI (',lter, alld sclected tant criterion in selection (sec Grain and Food 
fi\c (ICS II 882, 1('t11 879, (.'Sl 862, ICSII Quality). 
878, and S(+,11 5.39 t ha873) that vielded 4.89 

compa1red to the control commercial hybrid
 
1('.<,11 153(CSl IIl)that yielded 4.26 t ha 1.The Advanced Variety Yield Trial
 
hybrids varied slightly in plant height (2.1 2.5 
in) and time to 50"1", flowering (65 68 d). In pursuit of our objective to identify relatively 

late-maturing cultivars (,.. 80 I)A F) suitable for 
June sowing and early-maturing cultivars (. 70 
DAF) suitable for .uly so wing in the 900 1200 

-1West Africa mm a rainfall zone, we conducted two AV'l's 
each at two locations, l'arako-Ba, which received 

Burkina Faso 860 min rainfall during 1987, and Saria, which 
received 691 mm rainfall during 1987. In tile 

\Ve contiinned our efforts to identify cultivars late-mat rity trial (15 entries), germplasm acces 
and hybrids with high and stable grain yields and sion IS 18495 gave a grain yield of 3.20 t ha 1,IS 
with resistances to multiple stresses for the bio- 6928 gave 2.89 t ha' , and IS 12611 ,ave 2.75 t 
climatic /otne where they are likely to be grown. ha-, while the control cultivar ICSV I BF (E 

http:till'r.1k
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35-1) gave 2.56 t ha I and the control cultivar Saria. and Kamboins . lie results from Kam
(nol'ilgt gave 1. 11 la . IS 22380, IS 23141, aid borns, wercexclutidd from consideration hecause 
IS 23526 were the other prornisin ieCesiolts in of' poor stands in tile trials. All the four trials 
this trial. wCrc elhated for scllinr: establishrinent in 

lin tile carl iatnlitv trial, the hybrid contio ficl that was disc-harro\,cd befo(rc the r:is,, 
SPHJ 225 Leau the rihest yil f3.54 t ha w)villtout ridges amid wilhoult Iertili/rs,: tile-\ \'or," 
foflohscd b\ bros ,n-riiuil e'tltiw, I 72"6(3.33 t ;lo es lared ftr Il Ild"C illttk, Mid 
ha 1) and Napa White 0. 1,' 1 ha 1). Among- the folir-disenfeetion. I Iis,\C;r\se addedatest 
wltitc-Prairi etlti\ar,. I('S'V I I I IN gave the for gteritraton qualm Io ha i\cstid graii ,sto 
hii,hct sield (3.1) 1 hit . f holl d b NI 2-158I obtail all irlrdiittioi of the ttrioritoti n of gtaiin 
(2.,'7 t ha 1l)roiug-rt-su,,-cptililitv scores of the h;rvested il the riHrV sealSol. It has been a 
sili" trid 5051 t ailltKari- h\(i.'\ latc ill seas Comont r ')eillior tlhat impiovd illiviirs, 
boiriti shrcd thatl'il 225. l(.S I I I IN. \ hieli cialcly rnattire eiarls. )fler from griln 
(.,' 23()l N. rId N 2.158 had rclhtivelv b'ter dterot(ioLI due L rilin irolds aid head-bug 

d rriglrht tlffra tee. ;ittatk. lis is,reflected Irr poor lood quality and 
ir l Cffot to id'lrtit\ ',UIprL't o ltiviir fol po ltliit staMd w\hen te\ are sown iii tire tnext 

tIre (l10 91)111 ;a rlarurll l l \.weColdtiItdI seatl. 
tmt; ldnllicd trias it K;iri hrrrsi. lbthri-, Saril;. Il)at Itn sou, licnh-sieldiCnd e..1ttrics are pre
irml Iaroi+.r! d l,is ,thers ii ]ak,-lt;7, sntl imr lablcs I-1 iid 15. the entries ICSV 

Tahl 14. lPerfornnaice ()f selected a(I %anced sorghum culilivars at larako-Bla (-'ll), PalI)re (P1B), and
 
Saria ( SA), BIurkina Faso, rain, scason 1987.1
 

fS ce dliil .Idl( j (I li l 
. ... . . . . I iul ti 50 1 estaihlish- ,S/IrIa gerlination 

rtuti an It I'll :\ ,cati tioring (d) ncn (1;)+ plaurs, pit i ) 
I rial 1 

(5,\ 107,' Ill. 2 1.1 . 1 8 1 .95 67 76 4(0f.55)' 35(36)
 
1('S\ 1105 fI 2.73 0.89 1.81) 1.84 72 79 11(1.05i 5(12)
 
I(-\ f084 HI- 2.37 1.26 1.75 1.79 78 72 1311.11) 24(28)
 
I1 \ If55 II- 2.00 1.28 2.06 1 7,8 71 93 7(0.72) 31(32)

fI SV 171) Ill 1.86 1.29 1.Sf 1.65 70 91 3(0.52) 39(38)
 
I( S\ IW3 f1- 2.14 1.00 t.7f 1.03 77 75 10(0).9()) 45(42)
 
1CS V 1113 fIt- 2.82 0.55 1.47 1.61 70 75 16(1.17) 40(39) 

.( t llt Io1,.
 

I -.\ I 204 2.58 1.11 0.99 1.56 62 50 9(0.96) 11(18)
 
(CK6f3 frimcij ioer 2ff pots) 15±8
 

SF j1).3f) f. ±2 ±10 (±).09) (±3.9)4-. !0.28 

I il rrrarr (2ff Clirri s) 2.22 0.98 1.56 73 55 ((.91) (31) 

0CV(. 27 29 36 5 36 (31) (25) 

I. R; uuniicd bluck dlesign \itfh .1 replicitions; plot si e 8 i-. 
2. IDctrmincd 14 t )..\. ii icl tic- II Cl liins. wjilfu t jidges aind lertililers.I fe 
3. \;ilu s ill p|+litliL cs ,lit.I t ' - I ir;liisiiiiilr)irtiiis.
 
.1. (i;iirin, Io the g lrlluilllli t'st \tIs C In stefl ii I';ihre t rIsi e rreii(C g
i ot freud bugs. Vilues ill pirc treh,es 

Ii e sll tline tllilii ti .ll1 


http:72"6(3.33
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Table 15. Performance of selected advanced sorghum cultivars at Farako-B (1B), and Saria (SA), 
Burkina Faso, rainy season 1987.' 

Mean 

CuhiIl 

(irain yield (t ha 1) 

1 II3 2 SA Mean 
'I imc to 50( 
flowrnng (d) 

seedling 
establish-
ment (1 )2 

Slrigql 
plants pot I 

Seed 
gertination 

(7)4 

Trial 3 
I CS'V 1125 BF 
(SV 1115 Ill, 

ICSV 11.15 BIF 
It'SV 1127 1J1. 

1'1)V 1141 fil-
l(SV 1112 Il. 
1('SV 1128 I1: 
I('S\ 1123 IF 

2.79 
1.57 

28 
2.13 

1.6! 
1.67 
0.98 
0.80 

216 2.48 
2.06 1.82 
2.31 1.80 
1.36 1.75 

1.75 1.68 
1.68 1.68 
2.00 1.49 
1.28 1.04 

o9 
71 
67 
68 

65 
67 
80 
79 

81 
71 
60 
60 

78 
77 
88 
67 

5(0.73)1 
6(0.66) 

14(1.15) 
14(l.13) 

l1(I.06) 
1(1.18) 

11(I.0) 
8(0.88) 

74(60) 
66(54) 
60(51) 
43(41) 

80(64) 
86(68) 
89(71) 
83(66) 

( ) it Ito I , 

IRA 1 204 

(K 6013 (mcan 
S 29 (local) 

ovcr 20 pots) 
0.93 0.97 0.95 65 70 8(0.90) 

15±8 
16(23) 

95(78) 

SFE 

Irial tnear (36 entries) 

±0.30 

1.25 

±0.27 

1.46 

±2 

72 

±14 

68 

(-+0.08) 

(0.92) 

(±4) 

(59) 

Cv (1;) 43 32 5 36 (27) (10) 

Trial 4 
ICSV 1049 13: 
ICSV 1163 IFl 

ICSV 1157 1I-' 
I'SV 1092 Ill: 
I(SV 1156 13F-

2.30 
2.79 

2.90 
2.91 
2.95 

3.4 
3.22 

2.92 
3.43 
3.30 

2.78 
2.44 

2.53 
2.01 
2.05 

2.84 
2.80 

2.78 
2.78 
2.77 

70 
71 

69 
70 
71 

88 
90 

95 
58 
88 

8(0.78) 
6(0.77) 

8(0.93) 
11(1.02) 
2(0.43) 

70(59) 
86(69) 

78(63) 
85(67) 
84(07) 

Controls 
I('SV 1002 131: 
CK ()1(mean over 
S 29 (Local) 

20 pots) 
2.56 2.89 2.61 2.69 73 87 5(0.61) 

15±8 
85(68) 

95(78) 

S"F(0.37 ±0.36 ±0.37 ±1 ±12 (±0.09) (±6) 

Trial mean (36 eotries) 2.45 2.86 1.79 71 75 (0.89) (65) 

CV ) 27 22 36 2 28 (32) (II) 

I. Randotnied-block design \with 4 replicatiions; plot size 8 m:. 
2. l)ctermined 1.1I)AS in a field disc-hairrowed before rains, without ridges and fertilizers. 
3. Values in parentheses ire log (x + 1.) translormations. 
4. Values to parentheses arc arc sinic transfomiations. S 29 vas a control, giing 37 entries for analysis. 
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1055 BIF, I(S%' 1079 1I", ICSV 1125 IBF. and 

I('SV 1049 BF had excellent seedling estmablish-

meut an( ;tria. resista nce: hoeveCr, the cer
uinabilitv of harvested graitts needs to bC imi

p ored. ',he other prontniine entries possessing 

good seedling estahllishicnt..l , resistance,
tri.cal 

Itmd !,crninabifityare R S%' 161 I1and I(SV 
I150 M. I his, vsten lof etlation v0il bheiten-

sifiCd to identify Culti,.ars'with LnitiplcdCirable 
trait". 


I'enmale Parents 

u)ring I9S5. we observed 45 fenale parents 
obtained from ('RISA l ('Cnter for hybrid pro
duction in Burkina ]"so and at other locations 
in \Vest Africa (ICRISA RCportn\initial 198'. 
r > pal-nits selected from these tnr-). IClu'afl 
series were reevaluated ;mt 'arako-Wi and Kam-
blii.se futuing the crop scasmtns of 1986 and 198. 
llH;ad onl their general pcrfilranc', stable male 
',terility, oll-casoll bchaxior. and disease resis-

tance, eight lines were selected for intensive use 
for hybrid production in West Africa(Table 16). 

llyl)rid Evaluation
 

Wc cvaluatl'd 02 xperinet;itl lyl bids 1)rodLiced 
by using elite male and fCmalc parents and 
selected 17 of then. Sevral hybrids yielded 
mote than 3 t grain ha 1and exhibited superior
ity over vartct controls at both locations (Table 
17) I lvbrid conhinations with imnl-stcrile par
cuts I(SA 1I, l(SA 37-1. (SA 3x, I(SA 39, 
and ('.SA ,11were found to be the best. 

(n-farm Testing 

\Ve evahlated eight sorghum ctltivars (including 
a local control, (inofing) in a inntltilocational 
adaptation trial, condtcted at II villages in the 
900 1200 turm rainfall ionc of Burkina Faso. \t 
each of these I I villages, a replicated trial was 

Table 16. Some importanl characteristics of selected female parents of sorghum, Burkina Faso, rainy 
seasons 1985, 1986, and 19871. 

Disease score2I me to 51Tj Plant 
i-ceale parent flowering (d) height (in) ZI.S, ( [.S SS LAN 3 

ItSA 2 73 1.26 3 2 2 1.5 
1('SA If 70 1.21 3 2 2 2.0 
I'SA 37 75 ;20 2 2 3 2 
i(S.A 38 75 1.23 2 2 3 2 
I(SA 39 74 1.19 2 2 3 2 
I('SA 41 75 1.26 2 2 3 2 
(N,\ 26 	 71 1.19 3 2 1.5 2.5 

ISA 1 78 1.02 2 2 2 2.5 

( I It1oI 
Alx 623 74 1.21 3 3 3 4 

L linie to triong aiid pIunt height ob'ers ations acreas eraged over twn tocations (tatakn-Ita and Saria) ineach oftbe three 
crop scason,, 1985. 1986. and 1987. l)iscase ;:cr mccrce tinis made at Farako-Itia dhring tliethreescoes it itser the obseiva 
cinp seasils. 

2. 	 )isease score, on a t 5 scae, whct t highly tristant id 5 - tiigtlV siscptible. 
enate put, (itS NS int IAN anthracitnse3. AN tcal (iAe teat spot. - Snnti stipe, = ].cal 
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Table 17. Mein performance of selected experimental sorghum hybrids at two locations, Burkina 
Faso, rainy season 19871. 

Tin te'o 5; Plnt Grain yield (I ha 1) 

ilybridN flowering (d) height (in) Farako-Bla Sa-a Mean 

I.C"A I I NJR 908 65 1.9 3.47 2.69 3.08 
ICSA 37-1 MR 864 67 2.0 3.41 2.71 3.06 
ICSA 37-2 MR 908 71 2.0 3.12 3.00 3.06 
!CS, I I NI R 844 70 1.9 3.71 2.27 2.99 
ICSA 26-2 MR 908 67 1.9 3.11 2.68 2.90 

(ColitI ok 

I(SV tOtl IF: (Framida) 77 2.3 2.44 1.70 2.07 

S 1: ±0.44 ±0.34 

'rial mean (36 entries) 2.95 2.17 

CV ('7) 22 22 

JCSA 38 NI R 844 68 1.9 4.82 3.33 4.08 
ICSA 39 -MR 844 70 1.9 3.75 3.86 3.80 
IC.SA 41 -MR 841 69 2.0 3.96 3.56 3.76 
1 -.A 38 - MR 877 73 1.9 3.39 3.84 3.62 
I('SA 38 MR 908 71 2.0 3.28 3.96 3.(1 
IWSA 39 Nt R 908 71 2.0 3.62 3.61 3.62 
ICSA 41 N R 880 69 2.0 3.36 3.55 3.45 

*'11o IIIoI " 

ICSV I00 IlF (l'lanFida) 77 2.3 2.58 2.85 2.72 

S F ±0.54 ±0.37 

I mean (36 etries) 2.91 3.13 

('V ('1 26 17 

2I. ) -, 0 lattice design. 2 rcplic;ions, net plot si/e 8 I112at tarasko-Ba and 7.5 m aS ,aria. 
2. Mean ovrlicr t(li Iotlcatioi ,. 

conducted in cooperation with a farmer, who yic'ds on their respective environmental mean 
followed Improved nlaagenent practices(plox,- yields indicated that S 34 was the most stable 
ing and application of N43: IP40: K30 fertilizer) cultikar (Fig. 10). The control Gnofing had the 
IIuider our technical supervision. The overall highest iricidences of foliar diseases and Striga. 
irean gram yvield of the trial icross 10 locations 
was 2. It t ha I (Table 18). All the test cultivars 
gave significantly superior y'ields to the local Mali 
coitrol varietv, ( finog (1.17 ; ha'I). The culti
vars S 34 and !(SV Ill IN gave tlh( highest li-'cding and introduction of high-yielding, sta
mean yield (2.43 t ha 1)and ranked first at most ble varieties with acceptable food quality for the 
of tlie locations. Regression analyses of cultivar diverse regions of Mali, continue to be the objec
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Table 18. iraii yield (t 
 ia-') performance of cte sorghum cultivars in a multilocational adaptation 
trial conducted at I1 locat'onsl, Burkiria Faso, rainy season 19872. 

Ct3 4 5 7 8 9 It0 Mcan -

1('SV III IN4 

I( SV 2 IN 
S;,V 27 IN 
1CI(V 1049 fi, 
1'S\' 126 IN 
IS 092s 

0,7 
I.71 
2.04 
2.07 
2.24 
1.92 
I.,79 

2.40 
2 79) 
:.7.4 

260 
2.65 
2.458 
1.52 

2. " 6 
2.,( 
233 
2.4) 
2.18'-S 

5't) 
.61 

2.17 
-1,.()S 
2.00 
2.01 
2.08 
1.98 
1.22 

2 78 
1333) 
' 73 

3.02 
3.07 
2.99 
1.94 

.90 
1.5. 
-.1.3 
2.00 
1.73 
1.73 
1.35 

1.8.1 
-

!.30 

1.54 
1.44 
1.51 
1.06 

3.32 
.. 07 
3.44 
3.59 
3.40 
2.62 
2.66 

2 83 

2.'6 
2..s3 
2.36 
2.5 5 
2.)10 

2.u9 
2.28 
2.08 
1.77 

2.14 
1i 
1.43 

2.-A 
2.43 
2.34 
2.33 
2.32 
2.12 
1.67 

(COut1 ( o 
(I laing, 1.22 1.03 1.12 0.78 1.25 1.26 1.25 1.55 1.1l 1.12 1.17 

S1: '0 I1 ±0.1 ±0.15 ±0.14 ±0.16 ±0.13 ±0.13 ±0.21 ±0.09 ±0.18 
Mean 19, 2.28 2.12 1.79 2.63 1.71 1.42 2.96 2.26 1.81 2.11 
(V ,') 1) 18 17 20 15 19 22 17 9 20 

I Caeil[g.oup yI was ;Ic IIIitCd I 10 1oc ti ns, XcltId,Iig I );InkaiIc.
2. R l ':,)ciIInI \it!, 0c :cililtiu ,. pht.uO , ilhe 24 m-' o 1I li-. 

I2 K n hia, 3- )Ia rc, 4 -'..- Irlo,,- Kt iho, 7 ,.A sio. --Siotriko dmigou,9 iara, and 10= Btalm.
4 |lea. .hid .iliLk ,. )( \ II I IN X luc;iltioni, 7 and 1) pwchidcd it hoill being conisidered il the artalysis. 

, .- (I),;i U!t ,i ,ithihie 

3. 5S;. 

..... l( 'sV 47 Is' ,, 

-IC('V M41) Il. / tiVes of Otr program. Our breeding populations
3.0 ....... I(51 1 
 and crossing programs arc directed toward the 

I( k. I IN / generation of late-maturing sorghums targeed 
-.. . I.S 092,; for the high rainfall soOthbernic-ne, and nedium

. *ymaturingsorght toear ms lhat may be adapted,,/ to low rainfall areas of Mali. During the 1987 

rainy season, wc conducted AYTs for each ofI, 2.0. these maturity groups. 

- Preliminary and Advanced Yield Trials 

Two hundred and thirty four F1, lines from our 
breeding program were divided into maturity 

-In _T groups and sown in PYTs at seven locations 
1.0 1.5 2.) 2.5 3.0 3.5 throughout Mali. From these trials, data on 

Ioca iun means (t ha ) yield, resistance to foliar diseases, and agro-
Figure 1). Linear relationships I)etieen entries and nonlic characteristics were used to select 9 early
location means in i multiocatioral trial at 1iIIoca- and 14 mediumr-maturing lines for promotion to 
lions in Burkina i~aso, rainv season 1987. AYTs in 1988. 
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Our intermediatC-nmttlity AYT, consisting 85-F.,-77, which had the highest mei-n yield in the 
of 25 entries sown inl 1986 intermediate I)YT, and was tie best line ina balanced lattice design at 

Iot r locations compared 15 advanced lines lrom oi r seed liing-stagc drought tests, only performed
 
the Wcst Alrican proglam ol I('RISAI vlth filIc well at Kita in 1987.
 
recent introductions from \Vcst Africa. and 5
 
controls. Ihe va ict\ I nil with a
S ').I Nicrtia, 
tncain grain Y'icd of 2.43, 1 ha I (Iablc 9). % t international Trials and Ntuseries 
raikeo first at Koula and Sotuba, second at 
Kita, itd third at Katiho etio, L,-[ ,.car. this Replicated ntirseries, containing 179 sorghum 
line wa.s how,;t to bc 1imt m,,icline in our aeroit- cultivars arld hybrids lroni ICRISAT Center, 
mttt,trials+ WIIRISA I Aintrial Report I1,6, W(RISAT Burkiht Flaso prog0raml, alld Texas 
pl.3.0-301I) itd had acceptlhC it'aLilaitl, A.,\M Ulniversitv, \rc sowll at Belma, ('inna,. 
charic'tc IstiC Iotm1"c inMNlitti t prcpatiot. L.onigorolt, Sailnaiko, and Sotuba. 'lhirtv-eight 
()tIC ct iic, w ithIt tan oVCl 2.0 t lines rexichl., htt we)(, re .'iled for further observation and
 
itctltlud 7013-03) Iriwo Sccu, anIttd -_ 1" potettial';- inclusion I)out crossing prograil as
 

otnlirprodl ll illl( lI.At N-l-14, sources ot resistaince to the two most scverc fol
'0hich ha the hi ,itest mcan Viuhd in otll I96I iatld.isets:S' in ,i al: soot v st ripe (Ranfhislora 
I'I, "\iis rtmkcd ,mirth tat Kouht adit it at S,,oti) and Icaf anthrilcnose ((ollctotrichum 
Sot t;t. %%it t yield o ci 3 t itStitbh itt 1187. raminicdlaI. 

"Fable 19. Performance of selected lines in tile inalerndiiane-matturity .anced yield trial (AYT) at
 
four locations, Mali, 1987.
 

(Jrmtin 1),
yield ithit" Mean %IcatI Mean 

Kat- xithd tnic to 50' plant
 
Int v Kit Sotiiba hotliot Kiula Nei1n rank flowerig (d) height (in)
 

S 34 2.21 3.50 2.13 I.95 2.45 1 75 1,86
 
70113-039 1.94 3. It 2.18 
 1.05 2.07 3 72 1.90
 
85 t, 218 1.69 2.88 212 1.51 2.05 
 4 75 1.98
 
85 F, 104 1.44 3.03 1.45 1.72 t 91 8 
 75 1.83
 
85 1-,77 1.95 1.58 1.95 1.07 1.64 15 72 
 2.13 

('ntrols 
I(SV 1002 BI: 1.88 3.49 1.89 1.93 2.30 2 77 1.89 
L,30 2.09 2.52 1.76 1.75 2.03 5 7_f 2.11 
Malisor 84-1 2.25 2.,14 2.43 0.87 1.92 7 71 2.17 
Malisoi 84-7 1.47 2.56 1.64 1.26 1.73 13 74 1.34 
('SM 388 1.58 1,21 2.09 1.59 1.62 16 84 3.59 

SF ;0,.19 i'(.20 ±,025 -10.22 ±0.5 ±0.05 

trial mean (25 entries) t 1.77 i.33 74 2.061.0I 2.70 


('V ((() 30 19 41 41 

lifficiency2 
160 103 110 I113 

5 halanted ,i tedc Koutla, and 9.2 oI aISotilba.1. 5 - atitiice, ptlt si/c 7.9 In t Kii. Katihougou. 
2. (C'ompiocd with taiitnoittld blocks 
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The ICRISAT International Sorghum Trials 
and Nurseries, consisting of 25 test entries and I I 
local controls, were sown at .;otuba and liema in 
a 6 x 6 lattice design with three replications. 
ICSV 401 had the highest mean yield (2.54 t Iha1) 
among the inbred lines. arnl Showed excellent 
drought tolerance at IBena where it ranked hirst 
in grai d ,in spite ofIyed, producing 2.74 t ha 
severe lidScason drought slcss and a total sea-
soral rairlall of only 377 mi. 

Southern Africa 

Breeding Nursery 

Based on earlier regional seclections for drought 
resistrnce, yield, disease 'esistance (downy inil-
dnw, virs, and Iclabllht ),earliness, aidilail 
c,; or, we miadc 2550 cro;,es and advai,c'l te 
lsito I.,s in the w i s roir. ", the folfowiri 

,cncralt ionIs ;,i1tlltber ulsoclCtio 1s wCrc tIrldc :it 
ecV:iil locatiom. VC selected -48 F" l atlilies, 

with har2, peai;rly,, white c.1ii1aid 1sistanee to 
dhwliv' nileV, 

!1riel) Trials 

lIhe Riegioill 'arelhii l Fivariltation Trial 
lSlF) %;r ov,.il at four jocatilns arid tie 


lctional Sol-riin lciliiiliarv Varietv lrial 

Sl{SlV) S,> sss ii at cii loCations ill the 

IeCrhil, 


In the R.Sl IF,21. s.'ectiois It(nll 85the 1984 

aind 1985 t irut roduetiois adilnuirCries wCre 

Sim i] li Illl locations. MeIill)yield ii the trial it 

Mmttlpos (with I rainfall of 350 riln) \waits 1.9 1 
ha I comnipired to 3.17 t ha I t (iohldci \'llev 
wluere rinfall ',as ligher. [lie hic,,hiest siclder al 
,Milopos vits 1 0)-1(4.01 Ila i)followed by 
I P)532 (2.6 t Ir i).I,AIRSVY- 58 85(2.0,t h i), 

SI)5 355 (2.5 t ha l),aid SI) 93-11 (2.5 tha i) 
lflrol yields were 1.47 i ha i for hybrlids aid 

1.17 tha 'oI varieties. At(oldeiVallcy. SAR 
37 (5.75 t ha i), BYIJ 250 (5.35 t hi 'I.NIP 0123 
(4.55 t ha i),MI'615(4.15i ha '),aid )S 2337 
(4.3 t ha' ) yielded rilos Comlpired to the trial 

mean of 3.17 tha- and control yields of 3.45 t 
ha l for hybrids and 3.67 t ha-I for varieties. 
Inlthe RSIPVT, 17 lines advanced from the 

1985, 86 New l,ineTrial were e,!+aluated with 12 
Zambianu tines. 4 populations. 4 hybrid controls, 
arid I released varieties fron Botswana, Malawi, 
lan,aia, and Zizrbabwve at eight locations 
aero!s the region. 
ICSV 1001 HF( Framida) (2.39 t ha 1)and Red 

Nvoni (2.02 1 hal1)yielded highest across the 
region, followed by a rardon-mtirIg poptl;i
tion SI)IIP 45 (1.81 thia 1)and the intr! duction 
Sl)- 2298 (1.8 t ha i).I vbrid c.,mtr, yields 
across were 2.26 t ha J.At Mitopos, Red Swa/i
 
had the highest yield (3.07 t hia ) and control
 
Iybrids yielded 2.4 1ha '. At Mizarabani, SI)IP

45 topped the trial (2.73 t ha-) ard tIre control
 
hybrid ielded 1.0 tha 1. At Mascru the overall
 
best Variety was 51). 2293-1 (2.89 1 ha 1)while
 
the colt rII hybrids yiled 3.65 tha 1.At Male
tIrll. SI)S 2293-6 (I.-11 fairt h:, 1) hld a vied
 
anrd good plant aspect CoIpared to tile yield of,
 
1.97 t Ira of the coitrol hybrid which hrid d fair 
platf 	aspect.
 

fhlir- RegioM! Solglit\m.\',ed Vaicty
 
Triar(,SA VI ) was cr,,a ,it(iwe li lld Mato

pos in Iiribabwu IIll [ifill Slb":: Botswana. 
teen itlariccd \jjir . illated ;mird 1)."S 
2690-2 hal the highes; vie~l .lroslocaitorios 
(3.18 Iha i) with the coatiol yields were 1.83 1
 
Ira ir brids :rid2.)4lh.ta for varieties. Sl)S
 
2690-2 rankCd irsltit tire triil Nl;It)OS(3.48 t
i a 
hi ') and (iwebi (5.06 t hIai).while Segaolalc
 
wi, first at Sebele ( 1.44 t ha I),ivery diy loca
ion, where S1)5 269)-2 yielded 1.0 t ha- i coin

- .
pared to the cotr1tol h bri'd yicld of0.8 t IMa 

Iybrids 

At Miatopos, with 350 Illof rain, we evaluated 
149 iew test crosses. The flour with the highest 
yield were N4 70079A x'DS)3423 (2.45 t ha-t), 
AIx 623 x S1)S 238 (2.65 t hii1), SPI_ 23A x 
8 	74 (2.45 t ha i),arid SPI. 199A S)S 10160 
(2.8 t ha '). These vields are higher than tile 
yields or the three hybrid controls (average 1.85 
t ha i). In asecond testcross with 35 crosses, the 4 

http:Nl;It)OS(3.48
http:rid2.)4lh.ta
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best hybrids were ICSA 12 x L.ARSVYT 13(2.95 SDB1) 35, SDI3P 39, SDBP 42, and 49 are. most 
t ha 1 ICSA 19 , I.ARSVYT 19 1.A.45 I ha '), widely adapted; and SI)FI 42, SI)IHP 46, and 
I(SA 3*7 I.A RSMV "I 61 (2.85 t ha I), and SI)BP 47 are fair!y resistant to downy mildc,. 
i((S AI)1 I.ARSVYT 30(1 2.95 1 ha 'I. Ihese We syn thesiied two new populations, ICSP
\iclds wcrc all sliatisieillY better thalt the hybrid SI) 880(101 (early naturing) in(] I('SI-.SI) 88002 
cont roIs. front sclectcd (:old ia.n drnught-resistalt I, 

pIants. We aso oade three new blended vnle-
In prclitinary triak Mal alcd tic,, X1S0-SI)8810,aopos, we e,\' I-SV-SI) 88002, and ICSV

549 expetrimentl hrids uinder rainfed contdi- SI) 88003. bringing toether good yield, carli
tiot , and selected 3,2 IM' u1 1rthertesting'. 'Ih ness. and extellent white, ltrge, hard grains. Wc 
hbrids S).MI 12.75 1 ha .0SI )Sl 5(3 tha , sclctd 40 fronm 2001)Ss !o form the S\I)('C 
S1)h11 Sa3.a5 ha aid SDSII V 2.S8 ha i) IC('SI)IR.Mi lIopulation. 
\icidcd siWniiicaniN n c' (/) 0.l)l than the Ihis is a joint evaluation \,ith R'IMI;AI Cen
nlai\ ie!d (1.31 Iha it ,1 the hebritd controIs. tertowardsde,,elopinga cneticallylbroadhased 
I he te.t h brids had v nMd plant itc'l score and rnoltifactor-resistant R-pop!lation. 

did lni Id e tlldcl d trlt- dditit s. 

Iojtilltilth I)o,11 llopin;D e Eastern Africa 

I lit' S1irboi>ti litltii Adaptiation Irial At the Kiboko Research Station, F.astern Pro
iS I>.\ ! ie' rIId-mating popula-I t t!; vincu. Kenyva, we,srceert Ior drought resir,;i.,., 
tilo aid Im i eilrot> hybrids and 2 v'ari- froimn a nursery consiskting of 160 elite genotypes 
dli ke \ ipr0 t\nder cttreen frotm the Fast African Recgional Sorghum anId 
dilq li t ti s atl I u.cdalc. Iolial dis- families froman Millet (IARSAMregion. '450 i[ 
eae \ , ht aii pilo cill at (i lrc i Vallcy anl 1'o/, . .ica ;,I lexico. 55 advanced itmaterials 
lhllri_, s1hcre rIuinltll \'1 ill,h. I li. ulpo c )I from IeXas, 20 elite varieties tron !'RISA'I 
tlie l i Il e !ie poptlaion ollre Center, 24 elite hybrids fromn Katitmani national 
tmlle-ctll di\, t i ! hnlil Ii ;atiil i l o t ,ct pCl-oria lice yield trial, and advalincd iaterial. 
eli imiiulncillet. Se2vCIIty-fotir genotyry-s wcrc selected for (iS 

Ihe ih es \iht, s eic rclli/fed il Ihe tliot dtv and (6S, drought resistaucc. 
clii;icts (d NI k(ilrli and "chulc. SAI)l 35 lIt the Asian Regional.Sorghtlrl lybrid Adap
yicicd 0.77t ha at Makotoli arnd 0.X I haI ial tatio THal (ARStlA' 1987 at Aklipe research 
Scbele:Sl)lcl:,2\iclcd 0.50 hia iat Makdholi station. Western 'rovincc, Kenya, 12 entries 
and 1.7-1 hla Iitt Schele: ;:td Sl )MP 39 yielded we:'e elected. AvCraeCyield ranged from 0.67 to 
(. ,) t ha it iM kiholi and (I.3 t ha I ;t Schcle. 2.241 t ha'. 
Ill tle con (d1 Cliinalu.. reprcs:ltcd bv Matopos At the Nazrclh Rescarltch Stationt, Ethiopia, 
arnd Ilicydalu, SI)l1lP 35 \reld 2'16 t ha I at individual plant sel,'tions were made from 324 
, ial\pos antf (. 313t h aIat f.h idal: and Sl l) l I4 hu ,es,193 I, lines, \ld 230 FV segregating 
49 yieldel 3.17 t ht 1at NIitto atd cent-ratiots. Irttni their advanced materi al 26slst> 1,29 t ha i I 
at ltec'\dalc. ! )IIPl37.51 )l-ll29. SIll-1 4.nirtd superior varictics with diversity in sced color, 
SI)l1' kils perlrrIrL-d %.*'!l at hee stittii,. teJli, ltlaltilty. a'tli hciyht wcre ,;ewected for 
'Iltc hi '.. Cl ettnditiolt is licpreeicd by NI/la-i itclusion in the I:ARSAM lowland yield trial in 
bhani ari (olde.-d Valle \. licie SI)11 2 vicled 198,-. '1lc,c gcttypcs ae nltow beinrg increased 
2.41 t I r a! .M,/alahalii alitd 4.08 t ha i il it Kiboko in Kcrtva. 
(itlddci Vlle\: -,I))BI -1 yielded 4t) ha lill IwCRISAI wricty (SC" (I8-3x CS 3541)-19-1 
M/iahani and 9.23 1 ha att (Menlder VAWl. rom SFP()N 80w as.lcoe d arnd purified by lhc 
SI)IIP 50 yicldrd 3 t hri it (iolden Valley. F'thiopian Sorghlm Imuproveienti Programi. 

http:IIPl37.51
http:IC('SI)IR.Mi
http:I('SI-.SI


62 Sorghum 

After several years of testing it has now been 
released as [)inkmash. 

Centra! America, Mexico, 
and the Caribbean 

Wccarried outa trial to assesspollendispersal 
in live varieties released in Central America and 

e.icr. with he objective of aiding seed produc-
tion by natioral programs. lnc donor poliin 
was pllcd 80 cm 'rollt CdCh ICt variety. JIhe 
variet NI 62641 hild a coltaujination level of 
,;.5 the Sepon 77 bulk variety had a contan,i 
nation level o6.11 ISIA P IDorado 5.9(. ('Crnta 
S2. and M 1057 0%. 

We evaluated our best advanced materials in a 
trial called the Mesoamerican Sorghum Variety 
Yield Trial (MASVYT)during 1987 at our Poza 
Rica station located 60 miabovw sea level. The 
average yield of 3.5 t ha - I wos considered good 
under drylahd farming conditions (Table 20).

We evaluatel 30 improvcd genotypes of the 
local creole phot ose! Iit vc sorghums in threc 
mai/ze/ sorghum cropping systems. In the 'aporquic' 
systuIl (ridges), genotypes 84-CM-161 arid ES 
727 demonstrated flower coMpetition with the 
associated maize hybrid II 3 compared to the 
local control bccauscoftheir shorter nature and 
redcneed oL increasedIiage, therby permitting 
oet grain to the farmer. In a system, where rnai;,e 
and sorghumn were sown at the same time, FS 790 
and F'S 733 allowed the mai,,e to yield wellwhile 
giving good yields themselves. 

Table 20. Performance of tie best sorghum genotype, in the NMesoarne-ican Sorghum Variety Yield 
Trial (MAS"Y I'), Poza Rica, Mexico, rainy seasn 1987. 

ieovp .. 
(irai yield 

(ttha r 
(Gicneral 
aspect' 

liimc to 50(', 
1o\%cring (d) 

Plant 
height 
(cm) 

rime to 
physiological 
maturity (d) 

M 90322 NI ;O12 
NI 90300 
S.\R 24 
M 90)322 
P' 290 
NI 81981 -I 
NI 91)411 - (NSA 935 77CS) 
ISIAP l)orado 
N182011-3 
1)71246 
ICSV 112 (';\ 475) 
)IAI 475-7-lo-4-2-1-5 
M 90362 
M 01378 

5.48 
5.05 
4.91 
4.84 
4.49 
4.47 
4.33 
4.38 
4.36 
4.36 
4.28 
4.24 
4.21 
4.17 

2.5 
2.0 
2.5 
3.1 
2.0 
3.0 
2.5 
3.0 
2.0 
3.0 
3.0 
3.5 
3.0 
3.0 

70 
70 
63 
68 
62 
69 
70 
72 
68 
84 
83 
70 
86 
67 

155 
161 
154 
185 
165 
195 
160 
143 
191 
157 
-

168 
164 
170 

96 
96 
91 
95 
88 
95 
97 
97 
93 

115 
Ill 
97 

115 
93 

SFL ±0.59 

-1rial mean 3.50 

CV () 17 

1.Based on a t 5 scale, herL.I excellent and 5 poor. 
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Grain and Food Quality West Africa 

ICRISAT Center Traditional Delulling and T63 Qualities 

(iheinical (ompsition We evaluated, traditional processing aid t3 
qualities of grain samples from some of the 

A total 4f 13 000 grmfplamsn lines grown during promising cultivars harvewted during the 1987 
the 1985 lw)-tritny stlstn at I(RISAI r C'enter crop scasotl at Saria, Burkina Faso. T'he percent
wUre: etellnd Ifo protein and lysinc contents age of nCldospm1 rll oery fromt traditional 
bev,ccn I()X and 1987, We identified 77prontis- mortal and pcstlc dheliulling was lowest for 
it,:_ line, based ttl thei grain pl tin and I\sitlc lrtmvn-giain type's such as ( 'SV 1001 lF (Fram
cuitclts. Sesen elite I( lk I.A I cultivars welt ida) and highest for hard, white-grain types such 
att;tl',.(I mr ,.thlical c,,ntpositiont. I he plotcin as (inoling and ICSV I11F (P 35-I) (Table 22). 
cotntitt t 1( 5V 14S (S.\Rl and I(n' V N7 Ilowever, the extent of pericarp removal was 
(PI I .311) cotttparatisclk than lot (;nofing(a higher llost cffective and only of accept-
It <'V I (( 'S IlI ).SIPV 3., I('S, 112 (lSI\' able standard for somie of the ihlploved types. 
.175. SPIl 221, at I ,e:i D)urra I. Starch We obtained fhlr froim dchulled cndosperm by 
,'tIltnt ,. as fhiher in IlagCCn I )tI li i 1,d I('SV using a MotW" electrical grinding machine. Soft
112 SPV 475) Ihani in lit other cultivars. grain types such its IS 22380 had a higher percen

tage of flour that pase.d through US standa'd 610 
uesh sieve, than hard grain types such as CSV I 
BF( F 35-I). /6was pItlpared according to tradi

('heiNal actors Related tional methods int a mediumn acidified by adding 
h,, 'hi Fermented l1orridges lCnton juicC. Ie tcfouality ofcuftivars ICSV Ill 

IN, ICSV 126 IN, ICSV I BI (P 35-1), IS 956, 
In tClal countriC', (d .f.\iCa, opaqle ber Irth and (itoing was acceptable. As is tile case ill 
fcrllulltcd polrridee) i, t common food. Ibe: some parts of Africa. /(; prepared from the 
diastatlic pu . r i malt is anl impotitll c:+ilcrtl brown-grain types was acceptable to the pane
int U 1(beet utt-etiott. Malting ofgts it, lists. lItwever, when pros idcd with t6j from a 

tlicralls dtlc at a Iohs tclati\c hunliditv (RIt: briown-grail type and i whit'-grain type, the 
abthit 417 . ttiodiicd the inlling conditions panelists preferred the latter.0 VC 
byelnt intttittgltin!s at a htih relative Itumidity 
(aboe\ c90 Itocxaltlc the i1Wteltial to ilt'asc 
dia,tatic actiits ill l0 ctultkais (lalc 21). 
<oreithtl I )iastatic I lit, (SI )1 )etll be ittnlp tved 
b t\ isl,: i! te bR th resultlIt ut Iis itlati ilt a 
hi gher tnaltin. losv-. I(S'V 1001 IM1(l-ranida), 
)obbs. ;ttid IS 7055 rcCotrdCd htill .-1)1 valttCS 
flalc 21), wfhile I1('' 145 (S.AR i)and NI 35-1 

(tle co;ltroll) had inuCh lIoCwr values. indiLatitn, 
a wkide cultisar \ariatiolt !or .1)1 Irotcin digcs
tibilit'I usine tile ill vitrto tcChLHiu shtowCd thmat 
Iaftin t also ittprt ved tet it sitio proteitt diges
tilbilitv l'IVI )). As ia result of naltinrt, tilt til
tivars shoVCd wide \ariatiot ill decrease of' 
starch and ptceitl conitc:t with concomitant 
inicreasc in sot blc sucar content
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Trable 21. Diastatic activity, starch, soluble sugars, and in vitro protein digestibility (lVPD) in 
germinated sorghum grains', ICRISAT Center 1986. 

Sorghum 
diastatic Soluhble 

Cultivar Origin 
units 
(SI)1) 

Starch 
1' ) 

sugars 
(%) 

Protein 
(I 

IVFI) 
(%) 

CO 4 India 148.9 64.3 13.1 11.1 90.0 
(0.3)2 (69.4) (1.8) (12.4) (83.0) 

Dobbs Jganda 178.9 59.9 11.4 5.3 71.0 
(0.3) (65.3) (1.8) (9.1)) (49.0) 

E V3491 Ethiopia 159.0 64.3 11.1 11.1 91.0 
(0.2) (67.5) (1.4) (12.4) (79.0) 

lultidwarf ariannia 147.0 o5.4 6.6 7.2 
(0.3) (72.3) (1.4) (9.7) (82.0) 

IS 7055 Sudan 228.0 63.6 11.8 7.3 73.0 
(0.5) (65.9) (1.7) (11. 1) (59.0) 

ICSV 1001 BF (Framida) lurkina [aso 174.0 59.8 10.5 11.2 70.0 
(0.2) (62.0) (2.5) (14.3) (63.0) 

IC'SV 145 (SAR I) I(RISAT (Center, 40.0 56.4 6.7 6.3 91.0 
India ((1.4) (07.1) (I 2) ( 7.2) (81.0) 

ICSV I (cSV II) ICR ISAT Center. 122.3 64.9 10.9 8.7 90.0 
India (0.4) (67.3) (1. I) (10.7) (82.0) 

SPV 472 ICRISA I Center, 74.3 68.8 9.0 7.6 90.0 
India (0.2) (70.1) (1.2) (9.5) (85.0) 

Control 
M 35-1 India 52.5 67.7 7.8 8,7 86.0 

(0.5) (70.9) (1.4) (9.9) (81.0) 

SE ±19.1 ±1.1 ±0.71 ±0.67 ±3.1 
(±0.04) (t 1.2) (±0.13) (±0.64) (±4.0) 

1. (eiination at 301"C at '90- 5('(RII for 96 I. 
2. IEigures in parenlheses show the valw:s irongerminated grains. 
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Table 22. Traditional grain processing andIt qualities of 16 sorghum cultivars, Burkina Faso, 19871. 

Pericarp qua ity 
100-grai i I-lIoa- [idtdospertl removal -. 

2 	 4(ultivar mass (g) [Lets recovery (l;) score Flour Acceptance" ('olo1. 7 

ICSV 2 IN' 1.75 86 54 3 64 2.2 5Y8!2 
lS\ III IN 2.40 of) 64 2 62 1.4 5Y8I 
ICSv 126 IN 2.17 58 63 2 66 1.1 5Y8/'2 
I('SV 247 IN 1.97 78 61 3 55 2.3 5Y8/3 
S 34 2.52 68 60 2 62 2.0 5YW.3 

IKSV 1049 011 2.32 60 61 2 61 2.2 5 Y8,/3 
M 2,1581 2.45 74 66 2 60 1.4 5Y8,2 
ICS\ I 1,1. IF 35-1) 2.88 22 69 2 59 1.2 5Y8/1 
IS 906 2.42 85 62 2 65 1.1 5 Y, 2 
15 6928 2.13 55 54 3 61 1.9 2.5Y8'2 

IS 223so 2.18 100 54 3 70 2.0 5Y7,'2 
IS '3526 2.95 51 55 2 60 2.3 5Y8; 2 
(iIIofi tig 2.3) 45 75 1 53 1.3 10R6/2 
IS _2 100 3 70 1.9 IOR5/ 32.,2 	 43 
Na;ILI White 1.75 100 49 4 66 2.2 10R4/3 
I('SV 11 BF1" 2.52 100 43 4 71 1.7 10,5/3 
(I-ranlida) 

S ±1 ±3 	 ±1 ±2±0.04 	 ±3 

Mcanm 	 2.29 71 58 3 63 

cv ('7) 4 9 10 16 6 

I. 	 /\Claged O.Cl i. lepicatioms m grain Iass atld loitels Mid 3 replications lor all other characlristics. 
2. 	 Nitlbci )f gram, floating in i sanple of 100 glails \\hi placed ini a solutlion of sodiuin nitrate. 
3. 	 I fir' kilogtiais o graimt %crc traditiotilly dclihillc d nd tile lis of tldospeltill rCc(,\tli wts expressed as percentage of 

icco~c[5. 
4. 	 I he cleanliness of ctlilispetin anid pCeicarp rclilloSl cic Scold ont a scale of I 5, whtete I \er ' good and 5 = very poor. 
5. 	 Mas, ;: flom silted thliughta IrSA staidald si,'c to.ltwhen a sample of 100 g flour %%assifted, until no more flour p.x'-sed 

through tie sic,. . 
=6. i' %as c alualcd indcpcnidcntl. h sc%,:i I;;t ii torkeis ot a scale of I 3, where I z good, 2 = acceptable, and 3 noor. 

7. (olor of t) was coimpared with Munsel., soil color charts. 
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_oo,_ea__ondistributed of ARSVAT WeCooperation with National ICSV I (SPVseeds351) and ICSH 15386(C'SH 11).sets to our 

Programs 	 cooperators in Asia. These wcre evaluated at 10 
locations in India, 5 in Pakistan, I in Thailand, I

Mtnlilocalional Trials andt Nurseries il the Philippines, I in the People's Republic of 
Asian llegional Sorglitun Variety 	 (hina, and I in 1nrna. Mean grain yields of 
Trial (AS\T 8() Adselected high-yielding entries from 14 locationsarc prie,cnted in Table 23.
 
ARS\'AI 86 consisted ()f 25 entries, including a 
 lh I( 'R ISAT-bred hybrid control I('SII 153 
local control and t',\o l( P IS'l -bred controls (('S1 I1) in thetrialgave the highest mcangrain 

lah 23. .,1can grainl .iel( (t ha 1)of' lop-yihelding sorghIm entries in the Asian Regiona'l Sorghnnm 
\ariel ..Adaptalion Irial (A i.S\..\ I 80), 1986. 

.. 
 Philip- Iha -


I1111\ 1 2 3 * S 6 7 8 t) 1 1 	 ) I? kill I Mean 

I('V 2)) -178 5.77 5.01 (.0 10)0 '.2-' 3.02 .. 42 1.78 3.23 .3 2.17 1.88 2.30 4.22 
t( S\ 112
 

tSI'V475) 5.72 4.45 0.6 ,.3s S.2-1 
 3.12 3.22 .. 211 ff4 3.6, 2. , 2.64 21)5 3.1 4.10 
t(SV 102 4.917 4.71 4.96 5 73 061) 2. 3. 1 S.1*.221,252.( 2.3s 3.1) 2.1 22.29 4ff9 
l('£V ..225 4.39 5.2 55. 5.09 S.7 6 2.8 1 3.50 5.22 2.5S 3.50 2.i3 2.02 2.0) 2.38 4.15 
1('SV 210 4.38 4.73 "4,6 7.1( 1 ').,3.1 2.1-1 3.o 1 -1.5ff 46 2.7. 2. 69 1.78 2.01 1.67 3.97 
I( S\' 2005 5.6, 3A41 4.61 5.47 '7 I.4 3.94 6.08 2.87 2.87 2.51) 2.17 1.42 2.1f0 3.87 

( ff)34 ) 3.19 5.17 6.15 70 12.9) 1.91 3.31 4.11 1.90 2.33 2.22 0.91 0.73 2.36 3.87 
f 'S \ 202 4.27 3.89 7.1 S .22 . 0 2.29 3.70 5.81) 1.99 1.03 3.05 2.53 2.12 2.36 3.86 
C'S \ 160 3.92 4.82 5.2f 5.4 of. 2.34 3.f1 5,01 1.85 3.22 2.6 5 1.25 1.50 2.39 3.78

t( 'S\ 602 
 4.83 2.50 .1.71 0.3f0 12.17 1.55 3.5"9 3.95 2.26 2.81) 2.21) 1.74 2.52 1.73 3.77
 
I 'SV IfW 4.23 
 2.93 4.33 6.03 11.11 1.57 3.-1-4 5.21 1.19 3.81 3.00 1.16 2.63 2.14 3.77 

'SV 221 4.1.3 3.7 8- 6.49 8.99 1.87 3.30 .1.78 1.09 3.27 3.00 2.56 2.12 1.04 3.68 
1('S 224 -1.58 4.1, '4 6.20 8.68 2.2)) .5 6 3..49 2.20 3.32 2.58 0.91 1.58 2.24 3.64 
(. IllI (I Is
 

('SV I (,S\ ff) 3.31 5.74 5.44 5.78 8.42 3.14 4.17 , 78 1.73 2.22 1.65 1.78 2.44 2.17 3.77
 
t( IlSt15318'111ff 6.77 -1.81 7.51 7.16 1 1.97 1.8,4 3.2 5.44 3.0) 4.70 
 3.78 4.27 1.74 4.04 5.00 
L.ocal 2.91 5.51 5.81 4.94 6.93 2.1 3.81 5.22 2.68 2.30 2.89 2.76 0.29 2.58 3.66 

SI- -(1.36 -10.77 ±).38 '(0.38 11.14'0.31 ±0.24 	 ±0.28 ±0.27 ±0.29 ±0.15 1.48 ±0.18 ±1W.22 ±0.12 

lrial 1lc:,n 4.2 1 4.12 5.59 5.73 9.53 2.12 3.43 4.59 2.18 2.73 2.74 2.03 1.78 2.35 3.79 
(25 enlries) 

CV (C;) 15 32 12 12 21 25 12 It 22 18 1 41 17 1 -

Efficiency1() I01 ff8 170 105 91 96 I01 99 (01 99 :05 122 114 100 -

I 5 I diICC, p1101 /c, I,1 L' 1101 1 5110 0t 11.25 i.. 
2, Locations': 

I z I'S. I (cilllr. ,fdoiI, L', 3 par.anlld 2 ,\:dhilli I ,, Sh fIlha;tankai t tmil Nadu; - I K rnataka; 5 = .Ja ln a ,- nharwnad, 

Mahalaihr; 6 Kanpul. andl1 7 : fIrtr" tll 'ladcsh.;
. S - Surah (Iuiarai; and 9 - K ,ilmii , lanmil Natu. 

3. 1) ) I II ,,o u uI %%lal a I )l lu; and1 I I[allIhad 

http:11.14'0.31
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yield across locations. Anmong the varieies, (CS11I ),an RlllSA-bred hybrid released in 
ICS'"V 219 gave the highest mean grain yields India. \Vc dist ributed sets of AR SHA'l 86 seed 
across locations (4.2 t ha 1)comparedito l('SV I to our cOoperators in Asia. 1hese were evaluated 
(-P 351) (3.8 tha '). Varietv I('SV 112 (PV at 10 locations in India, 5 in Pakistan, and I in 
475) gac tie highest mild (3.09 t ha ')across. Ihailand. Mean grai yields of the selected ligh
locations illPakistan eumotlmd to 2.6t ha I for yielding entries from 12 locatioits arc presented 
the local varict ,. i tIable 24. 

IC'"sII I lm (SI'll 290) gaxe the highcst mean 
grain yields (4.96 ha ilacross locatlons whereas 

Asian lRtegional orghun Itylbrid Adaptation the control hybrid ('Si 153 (C'S11 I I)yieldcd 
Trial (ARSiiAT 86) 4.79 ha 1. R(. I I 1I I(-t 290) gae the highest 

yields (4.96 ti) across locations ii likist.ii whc
,AIRS IIAl 86onisted of 25 entries includinga rs I('St II 153 'SttI ll yicld 4.14 i ha 

local control, Ilacci 1)urra, an t(RISAT-bred llageci Durrai proditucd low grain yilds (3.42 
hvbilid released iii the Sudan and ICSI 153 t ha 1)across Asian locations. 

table 24. Mean graili vield (t hial ) lfhop-.,iehling sorghum entries in the Asian Regional Sorghum
 
IIlmbrid Adaptation Trial (.ARISIIAT 86), 19861.
 

'I nto, I 2 .1 5 Ii 0 11 123 7 0 II M ucan 

t(S (11 5.987S1.24 5.12 2.85 1.76 2.'0 2.57 1.96
 
I(S 1 2l1 7.43 7.03 ,t') -.52 3.,5 2 1)1 .79 2.33 .. 42 o. 3 1.81 4.76 4.86
 
1('11 110 6.44 6. ,..) 24), Q .112 7.53 S 4.85
 

12.3 S I 0,93 4.03 

0.90 (73 -105 .63 1).,.129 

I(SII I(o 7.39 (6.5) 82)1 ' 3 (,.05 41.0 .57 .1.2 ,.5 2.91 4.50 4.82
 
R(S I 2 5 6.067.37" )23 .1 '7 4.3s 3.110 S.01 I,7i .1.5.1 6.92 2.1) 3.65 -1.81
 

('S11 138 7.41 h. I. I1 .15 III ;.o9 '.67 .1.02 2.2.4 -1.0 7.67 1.38 2.73 4.81 
I('it 100 6.33 5.57 1IoS ( 45- 4.11 2.14 5 I 2.30 2.87 7.32 3.4 ) 3.23 4.08 
1((S11 I 6.77 0.o 01 1 . 316 3.07 3.33 4.8) 2.24 2.9) 6.18 1.64 3.36 4.55 
(. If 2(03 7.01 1.'3.0 4.0.1 3.30 4.410 2.59 0.83 4.417.0 .50 2.)2 1.72 5.32 

1CSI 204 0.71 6.0)7 10.2l .1.55 3.90 2.70 4.211 (.57 2.63 5.90 1.91 1.91 3.54
 

( 'ttltmtls 

1('S 11153 (CS'I III 16.29 6.33 10.05 -1.22 .23 2.S 3.)5 3.09 3.901 1.33 2.79 3.32 4.79
 
tagecn I)urra 5.0(1 4.96 9.12 2.67 192 2.52 3.33 0.72 (.85 3.0! 1.50 2.81 3.42
 

1 tii) 6,11 5.44 15.03 4.21 .91) 2.3.)5.39 2.4)1 1.9 3.45 3.fi 0.87 4.38
 

S1 211.63 ±0.39 2 1.05 0.41 .1)" 1.33 10.24 M).18 t1.2. -10.30 ±0.11 ±0.67 ±0.14 

lrial mean (32 entries) 6.28 6.25 ).6)3.56 3.33 2.78 .. 32 1.72 2.91 5.63 2.14 3.04 

('V (1) (7 1I 19 2() 21 20 I) 19 14 I 9 38 

I.1. RI1,1nd011i/Cd hh1()Lk plo~t hiow 3'mti o I1.25 inl:tltCSlgi, l/csJanem 


2. Locati . 

i 1,tt\ti1i it d, ak'l; 3 t. S i, desh 5
W I(,.SA I ( c nll,+\ 6qich;I I 5SUlil.(hiiail: and 8R tli, lanmil Nadu. 
1n1&:i.I I l , 1.olcNadu6 2 Di)iat; Kami( .wi Nhhaiasti : ,.I Kilp Im 

i al Panialgal, tliiPiatjcsh. 7 --Km ilpl 

10 la3. 1 haidait : 1) Ktiou Kicl Paikmsani - )i u uhlll.lll. I I D~adli,andt 12 - lslamiiahlttd 

http:likist.ii
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West African Sorghum Adaptation Trials 
andi Nursery 

Wc orluiicdI ithree rcljiorra sni Itihuadapta-
tior trials lurii 19 
\'ariel, ..\daptii:ionj 
(WAS\A I l-arly) 
\'arrCtv Adaptlationt 

7:\ Alrican SorghunWest 
I rial I ilI\ inatrity' 
\,CW A ri'll "orluln 
I al NIe(l i mittutv 

(\\SVAI Mediut), arid West Alrican Sor-
giltiit1 Adaptation I rial (W ASIIAI ).Ilvhrid 

\\:\,\ :\ I Ial{lv had 2) nllies including col-
t r,
;id the t riem.s \%cre ,L tributed by ICRI-

hybds I(SII 229 and I('SII 230 also obtained 
lop ranks for grain yields in WASIIAT 86 
(I( R I WA /A-ica pogriiAns Aninal IReport\Vcst 

1986, 1).120).
 

In gucnral, tOe controlslgive lowr ields than 
the test hybrid, at most (ithe locations. Overall 
mean timc to 50 ' fhriscing ,Iithe trial across 
o.at onis was 68 d.t.am I mean plant height was;l.,; 
1.85 in. 

('Central America and Nlexico Mriltilocational 
ilybrid aid Vak iety '1rial 

I mt tire r tiltio l;tI prlo!i tilns (oifll rloO .ll, 

(ilian,. Mali. Niger, arid Sec Saf. We carrriefdSe,s \ore 
disllbinttl to ennl)eit)tln loc;ted i It)1 tttlll- best hyhrid:; 
tI of") \V Miediun had 20(dIIIhe Iepioll. AS\.\ I 
nti.' V", lin) werc-s itellit+I c'rrt the Citnic s 
uillitibtitif 1w I(v 1S:\ I rid ItII(naitional pri-

(d lhimtrk,ina lams. ( ;imrlroon \1Ali. at.l 
\ #'i. S eds %rcile (list iirtme to cttfipculttitis 
]o ctii ill ciit_t m ic-, ol the ier!iii. W ASIII 
liil 23 ci iti itilcidiir.: c entries (ils ittiols, thr 
,,ib ., ,, I e:itenl in 7\Ippli1 C1oL 

L.0)tl11lit':, (11 111c Ic"Im<i.
 

Siw..)' (d iv iti rio,'I ,. \VcstlAricall 

Sttejihiiiii I it't . l ki,iv \[Itis V (\VA\-


RlY 'Am:also stripliil w the national pin-

o Mall, 


td iee!inll l tli:1l 

()It, d'k nit. aid Niger. I lie 

;tad rotls-cie Ir{ii seV-
'iii I.atirs kttitit'd 

\Veq African Sorghum llhrid Adaptation 
Trial (WASIIAT) 

\Vc rcc,ived completc data ott WAS IIAl 87 
tror Al the co pelatol s\\ho ictndlictcd the trial 
at 15 experimlental statioins trcated illseven 
coitlitllics (f West Alrica. (irairt yicld data fromell 
10 of the test Ioc.tlti s i, pi ,usttd iii Table 25. 
NIleaini
'rai icld 0IelthIe trial wvas higher tha 
3 1 ha it flthe Ie hicatiors. I(11. 336 was 
ranked lirsl lfi itcan rair 'icld (2.8 t ha 1). 
()tt-u, plr-nitsill, hvl-ril,s 'itlh llarliVUly higher 
graini yields and top ranks at %ariotns lucations 
were: I(SII (,13. I(-11 642, I('11 479. 1('5t1 
229, I(SII 507, 1I-; 230. and I(CSII 047. Test 

alld Miexico 
hulk valiety s


cis, itiaroaith;x 
hlvNid 1399,\ 

t I ,ttriirll h 

ont lrltilhcOaitioiral testing oI tul 

ard ,,ricties ill(crial \nllicicia 
tlindrC drlaid corditions. Sepo 77 

, 'isl]iior W 0.05) Ittie otl
yield ,io7.2 t ha , v,tile the 

V( 28 pe tie h est yieId (I41.2 
l ids 

Seed )isil-ibution
 

I(RISAT (enter 

III tesponsc to secel rcjucsts, we provided irn
pri iu'el varieties, hybrids, parents of hybrids, 
arid resistanit sources too om co ipel'attrs. By the 
end of I)uceirhet 1987. We had supplied 9365 
saniples oflsoiglinrn seed s. InAsia, India received 
the maximmnn iumber ( 190,-). followed by Pak
isutin (1012). tire P'hilippinrels (587), the People's 
Republic iil("thit (456), lhirrna (321). and Thai
laid (29.1). 1l1 Alrica. 1526 stmnples wcrc sup
plied to P,kitta aso, 587 to Zimitbabwe, 438 to 
Zairc. 345 to Kenya, ,lard177 to (atmeuoon. The 
Citial ir~ereiit-Mexic'iii-( aribbeat network 

supplied 438 samples to Mexico, and 1(13 to 
Coutrties illtile Caribbean. 

West Africa 

I lith rkinta Faso, several organizations involved 
in on-larin research and testing received large 
luantitics tf seeds of ICSV 16-5 HF, ICSV 1002 
BF,and ICSV 1001 I (Framida). The national 
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agricultural research institute, Institut national and ICSV 1002 BF on highway demonstrations 
d' tidCs et dc rccherches agricoles (IN ERA), Io'r puiblic information on advances made in 
used a number of' promising entries (S 34,I(''V sorghum research. 
II IIIN, ISV2IN,I('SV 126 IN, I('SV 247 IN, We sent a nhber of .o,'rria-resistantvarieties 
( .SVI BF (F 35-1) I(,SV 1001I BI (Framida), to East African countries and the IlK for testing 

Table 25. Mean grain yield (I ha-) of test sorghum h.brids inthe % esl African Sorghum ylbhrid 
Adaptation Trial (WASII AT 87), conducted at ten locations io Vest Africa, rainy season 19871. 

I ')'IIhlll,, 

11%hId I 2 3 - 5 0 7 II) Mean1 c 

(SII 3o 3.'))) 3.2o I.S1 3.1.5 31 1 ,1.33 2,1 10S .3.72 I.04 2 80 
1('.11 212 3.9 3.98 2,07 - 4.2)'S I11 0.1.13,28 3.51 3..12 2.S . -2 I.04 .01 0,98 2.752.751 

3.'-,I I,')I'SIt ,13 3.92 1.53 2.4') 373 2.3,"5 0.)5 5.55 1.89 2.72 
]511 0'12 3.3') 3.3. . 17"o 2 ".75 >7 -. 10 I.--1 4,9) 0.98 2.041 

47,)('".1t 3.08 3.17 1.5.1 1.50 2.5$1 . .9,s,0.'.s 01.31 1.11 2.02 

7
(I 22) 3.12 3.23 .52 .5 2.73 .55 227 1.1 3. 1.44 2.01 
l(SII 231) 3.33 3.1-4 1.03 .'(.1 2.79 13 I 7.... I.9.2 1.07 .4,06 1.32 2.50 
I(.Si 0.17 3.30 3.55 3 2 2-42 . .1 .3I 0.53 S.'s 0.80 2.55 
1(S 507 4.21 3.03 ;14 1.71 2 3.21 2.11 1.013 .1.41 1.17 2.55 
ICSI1 23$1 3.38 3.2 ) .... 2.78 .3.28 223 1.25 4.01 1.17 2.52 

I( .5I14101 3.02 3.23 1.0,S 302 2.5' 3..IS 1.95 1.22 4.0i .46 2.4(6 
I(SIt 644 3.06 .3.77 0Q.'r 2. III 2.42 .1 )9 0,97 1.03 4.70 0.74 2.45 
I(111 5,' 3.4.13 3.33 I.4s 1.-I) 2 73 3.73 1.74 1.22 3.97 1.21 2.43 
I( -11 21 2.45 2.s, I S 2- '7 -1 3.93 1.76 1.10$ .1.37 0.49 2.39 
I( ."Ili 3.07 3.40 101 I.55 2..16 3.0,S 0.54 1.24 5.32 0.99 2.3004 

1( '-dI64,S 2.) h 3.0) 0. S"1 3.04 27-1 •3.57 1.71 0.92 3.91 0.90 2.36I(.tl (-,I4 3.03 ..12 1 0.1 I.1S5 2.2 3..8 1.00 ().,S 3.7.1 0.09 2.29 
1I -,11S20 3.1-1 3.22 1.06 0.931 2.79) .1.37 0.59 1.10 -1.54 0.7s 2.25 

I( Sit 331 3.55 3.()3 1..-3 1.3s 2.80 2.')') I-IS 1.10 3.04 1.00 2.24 
-101
(SI'.11 2.97 )2S $.71 .52 1.0 3.1') 1.1 ) 1.12 3.S$ 1.O" 1.98 

I'SII )0) 2.26 3.65 1.51$ 1.2-1 2.2.3 3.24 0.98v 16 -1.03 0.9-1 2.12 
la u,.ccl)urra 0.93 2.21 1.23 2.01 2,-IS, 3.09 1.71 1.12 2.91 0.70 1.74 
1('.V 1001 BI (l'rarida) 2.81 2.3 I $.0'9 1.31 I.49 1.17 2.4'9 1.05 2.59 0.9.3 1.77 
Napa, White 3.24 3.50 .10 1.23 2.2$ 3.97 $86 0.9 .19 1.19 2.23 
1 ocal 1.35 2.40 0.92 1.72 1.95 2.51 1.98 1.12 5.58 0.60 -

SI ±0.27 -10.25 11.21 .3()9 !0,29 i11.39 11.3$ -I)±O00 4$.05 t0.13 

Mcal 3.12 3.22 1.33 1.94 2.-IS 3.57 1.73 1.08 4.82 0.97 

(V ((71 15 14 30 35 20 19 31 10 20 

,
I. 5 5 lattice \cxImllm_ \kith3 icphcminh Ih, ctplol i/c %.i cithcl 75 Of S mi 
2, I .oca ionsu: 

I = tluku-t1 ,2 Saia 3l ada,4 Ga( .hr1pclh, 5 K I 6: SOllubi 7 : jcl kc, S s I)ap0iunw, ') ,iliiol<i. d ) l0:oiake. 
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;.giiiistitavide rallp,: ,A1 .i,'a Thesamples. 
Food and Agrie'iltiral ()reari~ation of the tni-
t(!d Nations (I'AO) in Roli and tile U)nite.f 
Startes A.t ncsy ft IrItCrri;itiorlll ])e'\clopreClr 
(IJSAII)) in ff;iti ec<-i, cds, of promising 
varict is for cvalintol. 

Easterri Africa 

W. ,uipplicd t,vo) sets of s,riun varieties, one 
IMo lhwland (frMI thC I( 'RISA I Mexico pro-
erati) a'nd the o)thee foIfin lnl conditions 
(h,1l lIt I[Ak',AM aid l('RISAl (Centel 
il;ite'rIil) to Ittif Midi, ]KtiisA, NM-xico() RIatlida. 
a nd I e;irld;t. V\c stipllicd ,r nut \aticlic,t 
tilc Itistltte or .1i'tiic l ttiai ,l_ ;irlt l ( ,\],), 
I II~itipia. it et-.va;l~lttel lti ieis~taie trii 

titthiti]be t tthree dit' feit site,, ii .Vi,!i-s'[ 
pi,t'..S.,l 2.l( %V ItO Ill) lzai~itidta),l etot. 
Mil I( S% l1006;COu lC-Iilv ofI+ m \ ,lS Itc e 
to i,'a hcictotlntt'. \ 13, Steicdo, id SR 
I)(lIN vte ritIlMiUtels ICsistarit. Soirl 
rlri itigl-tolciant sicclimis tinide it Ile Kibi ko 

rexear~h ,ititirilwelclso sent to Zilbabwc arid 

seLt
NttIalit. We ;lso,iuplil utCd of expeCiircr-
tal ri'lite ',tti litld, clt to Kena and 
.tonalia. 


(entral America, Mexico, 
anzid the (aribbeai 

)irritg 19817, We 4010illd 160 requests for seedI 

front collailoratr-s ill Africa, tire ('aribbeai, 

Itripe, I atir \tmerica. and the USA. These 

requtests retresented 967 individual lines and a 
total of 1.0412 t of seed. 

ICRISAT (tultivars Released 
or in Prerelease Stage 

T-he I('R SA-Mred vrirt v I('V 112(SPV 475) 
vas recommnded for release by the AICSIP 
workshop for general cultivation in India. Our 

other vaiety I(S'V 145 (SAR 1), which is resis
tarit to Str'iga asiatica,was also recommended 
forrcleaschyvtlhcAl('Sl I' workshopforctiltiva
tion in N;tri,'i-crdeitic areas in India. 

In Mexico, the varietv I('V 112 (SPV 475) 
was iclcascd as 1JANI.-!-1187 by tic (Jniversily of 
Nnevo l.con, Mexico. I('SV 112(".I 475) and 
I(5'V I (5j-\t 351) hlvc also been proposed for 
release inNIafawi whcrc a 2-yea yield average of 
3. tha Iof [('SV 112 (S1V475) and 2.8 t ha' Iof" 
I('SV I (PV 151 )cxcecded the yield of thc local 
PN 3 Af 1. t ha . (thur I('RISAT materials 
rcIlcedin 9l 7in Mexico are Blanco6(ISIAF, 
I)oad1)by Iititotu Naeital dC Investiga
ciolcs Iormestales y Agropecntiis (INI AIP) 
and Ni )0362 rIclascd as tJ!\NI.-1-287 by the 
tUniversity of WeNucv, lLen. grve technical 
help arid R-linc seed (N 90362) to Agroconsa 
pti\ ate sed cnpanry which enabled ther to 
idtutily and release the hvbrid XI \ 025 M 
i)) ( ;iFs '\C'.tr it' IJ 

1 1 p'la. a < 'eicl II to llart I(' IA IN-6-iii 
btied xiietiin Wariety('V I (Sl'%1351), (S(' 
1I),-3 S 3 4 1)-19-I \wis rleiascd atsI )intkniash 
b\ ti.' In stilute of Aerieihittal RCsCarch. In 
Ziiuitbia. ;is+unglitnIi Iviid based On art ('RI-
SAI -bred female piircrtt (NA 1)4 (Sll. 177A) 
was released. Il N'\a,'i illd, five ctries front 
ISVAT 85 l(I'NV I 1, I('S\! 132, I(SV 2,I('"V 
112, aittd I('NV 162) hav beent .cetoud for seed 
multiplicatitri Ittie i eltd Staltiott where tIle 
twit 'iglicst-yiellihni ,art"ies will bCselected for 
prCrClCase. Prliori 2 ' a., kI testlir!, iinM olar
bi utlt2,.sevyen intti dnctiiint ,were fotunid lro lis
ig, of which IS 857 arid %I1/84 WI 58 (.S)S 

322)) are now inthe uttional seed rnuhiplicatiur 
proglart.

Ilirthier partls oflAfrica, 1('NV, I0t2 I" is itt 

prerelease stage in tile (i;ittibia. I(',SV 1001 B 
(FnarIlida) Was tested by the (iobal 2(0))pr, ')jct 
in northertn (hana irt an attenipl to poulati/c 
this variety, that has been extensively testvd in
that country. InSudan. I('.-,V 1007 BIF ard INS 
983), the two .S'ra-resistatit varieltine were in 
ot-f'arn testing in irrigated projects wrth finari
cial assistance from the International )evelop
ment Research Centre (II)RC). ICSV 16-5 1F 
entered pre-extcrision trials inlBurkina Faso. 
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Comm ic 0hSCrv\c rN A nn 11inCl ofscOfc 
affcting thec natii1;,' prIOgri.11S (,Ii ',Orghnml 
recarchi \\crC cic. 

M1oiorilig Isomr 

Ihlc tird) nioiio inc 1tu undit ilei acg's of'
 
'A S \I i, B1.rkinai [FASO.
ARN COn~kitCd 

30) S'V ibc 3 ()ctohcv. P'I prc lcnt~IivC1ro 

ticiat o d11, th o o l ii il I h oi.l M ll 

Cvll' in m opiii 111 i 'Iiniiiif" t itlIL' f a "o ll i 

[iiit il w I tlc 

c l C i mlP ,Ilin 1cc I .c l h s ilo 

tanigMiiop ko o Srita (ioiitd ol il 
Ico Sie ni III the L;::ci~1I 10\11 

kshop I '14 aske 
nu11triinticri iic'V(A RN rd v 
Isc i P thicy [1 af s ai nd or 
Cf hcl aci 

in)( '.t o r 1. ewr 
'1rai in Wo rsop on Sfcrlim'csC otrkal ao 

hc, (hlin'na Niali.e111dS,'e 
N'icr Sndaii o%\ti, and- anda. 

atitiClion tI (' . p'td ass fromksop tIAIici A' 
illckM. c (,ofd t~ie nd as,Soai. and (ARN 

It-,~ Oia1kogu 5-n10htc Thcic wcere
 

Opiiiia't ! 0III;S N II7
tI4'l1 A r 
tonprsc GfoniclcictMall 

Ai asssteiittinatonn 

hIriSCniiI-An FilI od (ira]iie sc a th and I)v ci- Thiis monhict r:ing t ou rjwo rkshc p was conduIcted 
opnicni (SA K iRA )) WI( .IS A I . SAFPCNAD. from 2(0 31 N1Wrch. IhIritcer.. participants frm 
hIstijin tin1 Sallc WVsA il). and institi dc Malawi, Moioimubiqtie, Sxatiland, Tanzania. 
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and Zimhahwe, and five scientists from the 
Re!"ional Program and one from the USAI1) 
Title MlI Collaborative Reseaich .Support Pn 
gramlll ' ':iholl and Pearl N illet (INI SOR-
M II participatc(l. Sorghum1 niilrsCrics and trials 
illt'ine locations in Zallbia and .ilba xvc wCe 
itloittolrcd lot ,arictal p,.rl )intiancc and 
adaptath)n. 

lourli Regional WVorkshop (if the Southern 

Africa Sorghumn and Millet improvemnen 

Networirl 


I hi.s wotrkshdl, vos heil it \iaitopos, Iitlavo, 
/itnbaihwe 21-24 ,ScpteCniber. I hcie \\'crc17 pa
ticipitits -epICselItiin, ;ill litrati..ttlal prijraiiin, 
ol tte reni n att \ird ,, igrietilCtiral eselitn 

lh tilodi\ i us. i c'ti\e t(1hlc\nork.,trT 

5,as to cm-hi,! it idci l i datc' oii ciii citpll
Icscarch rc",ulls lionontlit;)nial and tiotrial,l:l 
atd .o plan acti\itics tot Im1 7 IS. I OA,SIAC 
prCeCit and it tirc tiininl! I ii tional pll~n 
tllt ssete alo)dic',ils"i' 
Ihc [11cclieinc!eni/Cd tat intcrat,tiott be-ic( 


tsccil naiolilal plitllnll, of the SAl)'(C coi-
trie! and tile>\1)('( Ii 'I.\l p"u.l' a! d 
steadih it Pi cd. 

Short (urse oilSeed Production 

.',thort cottirs w organi/cd jointly by EAR-
SAN! ati S:.CC Iron; 13 IS Sep:mcnber in 
Nailohi, Kenya. ior lationial prorain scientists 
priliiailr coc-:,rtd \\ithIi ecdprod.tirl ad 
crop itpi ovetnetit. I he 1:ii1 otbjective was to 
help p irl ciip aints be lnteb te aCIc aintel With 
CuiTen'r tid techolnoav' ICsCarchscud production 
! c'iteCrl and solhliht.t Arica. 

()ver .-( participitit flroil 1.cotintries (B ot.
viit a. Hiriindi. Fthiopia, Ken-. Lesotho, 
'Ma<lai .iIRwalid-i, ,Sollalia Suldanl, Talizalliai, 

Uganda, Zainhi'i, andi nidbObwe) wrei present. 
Expcrts from INTSOR M If.LA, tileli,terria-
tonal Centre of Insect Plh ,\hsolyand heoogy 

(l(PEl, Centro Ilnte"acionatdc Mejoraiento 
de Mai/ y Irgo (CINI T Uganda Seed)I"),tihe 
Scheme, and private sector seed companies also 
att-ldcd and presented rclevant papers ol sed 
pirduction. 

[he euup rcognied !,ocri issues of paric
ular inmiportancc iticludiin secsi qua.lit, training. 
aid the e.ion;l llovclmintlof'heed. 

Particinants frou ,oatoiaC ptlorarns gained a 
bc!tcr inderstanding of the iamgc o! activities in 
sced-porai dCvClopicneIt to be ahle to respond 
tlo .: flfcctieCl\v to seed proi en', it their respec
tive countries. Ibarticipants also visited the Kenya 
Seed ('otmpamtt inKitalc. A,\sceond joint short 
colo,. is plat:icd for I9So. 

(cilll Aimerica, Mle:ico,
 
and tie (aribetwn
 

Ses tit\' scietntists Ittclilcd tile jitnt Conlision 
I 1lh oitliC';illo dc li cstio:idores el S'lgo 
(I .,ISIN I )RMII.llctilhln or1 local pho

tos.eliiisei C'S0:''htins 11eld in l?0tnd ias in l)e
ccinbcr. Ilhis tlqeetnin allowed interaction with 
rcgiotial ancintits.ain otstrc'tl exclnt work
tie rclationships )etw.cii INT;(R),MI!, I'Ri-

AI . and (I AIS. 
Ilhe ICR ISA[ regional stl;,Iftternded the 33rd 

Annual Nicetiti. oftlhe ( onperati'e Progra Mr 
the lluproveeni 0f (olt'ops Atinals (PC'Cai 
MCA ; iICld iii (titClilald IllApril and presented 
10 papers ba:iCd on ICR ISA!I 'Natiolal Pro
gralls collaborative research. 

Publications 

Instiute Publications 

Plant Material lescripfion 

niern rrc,Researel IIital Institutefor 
the Senii-Arid Ilropics) 1987, Midge-re ;stan't 

s.rg'itnu varir I('S\' 197. hilantMaterial Descrip
tion no. !I.I'atantheru, A P. 5M2 324 India: ICRI-
SA .4 pp. IIIN 92-9066-18-3 (PME 011) 
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Book 	 Conference Papers 

Ilouse, I.R. 1987. Manucl pour Ia slection du Krishna, K.R., and Lee, K.K. 1987. Management of 
soreho. 2 'ile ld. Patwicheru, A.P. 502 324, India: vesicular arbuscular mvcorrhia in tropical cereals. 
SllrornatiOnal C ops RcCarCll lsltitute for the Semi- Pages 43-45 in %ycorrhi/a in the next decade: practi
.\rid Iropwwo. 2J.) pp -,5 ret. ISBN 92-9006-085-6. cal applicatiolls and research priiritics: proceeding:; 
(l3( Jl)2) of the Sesc cth North Anicrican C(onlerence on 

My'corrhi/, .3-8 Ma 197, Gaines\ilk', Fl., lISA 
,Jout ial A rticles (Sy ia, I).N., Ift ig, 1-1- and (rala , ds.).ill, 

;aine, ll, H.1., UISA: institte of Io d and Agricul
tural Sciences. UIniersits of liorida. ((' 364)

.rasal, B.I.., Sharma, 1l.(., and Ieuschner, K. 
1'7. Rcm,,tli ,f "I'"V 197' Inidge resistant Peacock, I.M. 1987. ('RISA l's sorghum research in 
'"lt!tlIi cltsal ('lop Scie:cc 2716): 312-1313. (O,\ the seid-arid ti Opics. Piageis 15-33 inl Sorghulm for acid 

€5)1 	 soils: ploceeditigs of it Workshop ol lsalhating 
So rgMit for lolCle 1o Al-toxic I1topical Soils inl 
latin Amcrica, -,)May-2 .111 I ;., ('alh Colombia.Coidra\amla. N\I.\ . 1111000l1tol (ll11Of 0l2hll1 h\ CalI. l o hia: Ccntro lntCttaciotllal tIe Aericultura 

.€ ' I t) .' ' , / l( ;"I 'Mi l l dl I t t ldi' l ), l l is l o l l t h t1. o ug h I r'o pi c atl . ( U P 19 4 )
 
P 1.11I'z l)ti :'jt~ -,I( 7)-l)- 1-i) ,.J .\ ,12)
 

Holls", , L. . 1, p c~cit iw kitlic aniainh. K .N. 1984. Ph *v\sioloiical specciaiation of
)1 ~l'2llcell 7l . rie /rna1leIIJ110 a ;crop specificity. Pages 58-65 

in 'rlCCClinlgs of tile I hirld IntCrnational SyVmposillll 

oIn Parasitic Weeds, ICARD)A International Para-
Sitiri,, I.S., lild Nicdliims, iK.). QN7 iwr:lllelic sitic Seed Plant Rscaich (iroup. 7-9 May 1984, 

Ilit il, ll tlldllpll ll \ lt llt " o l)ppo. C.,l tl t d l Ill , Altl2hlllIl Syri (Parker, usselman. I ..,., I'olhill, 
. I 1 C1d( %\ :3 1-'9-.-1.. 5j . 1 R.NI., and W ilson, A. K., cds.). Aleppo, Syria: Inter
\ am b ia r , 1 . 1. J . ,- ,vg , lU. J ., , a ndtS rin i~a s-R a o , 1 .( national Ce'ltcr ilor Agricultral Research inl the l)ryT 17 

7.(" C mllp~i/LiMo ] o! thc icu lcll clt ltd i tillization 

Of p 

", (I ) M cli.ch). Ili illo ilttill! ofdnt -tll tti nt ford, I.R. 1987. 


,f IJ! hI1 elllt p Il olellill ( ,,i-,/lu'n l/,ll1- Scetharrnia, N., Krishna, K.R., Rego, T.J., and Bur-
Prospects for sorghuam illprovelelt 

1!,tOu ld[lilt I- 11 il(h I/)OlpfIu I .). ild (rop's for phosphorus efficieticy. Pagcs 229-249 ill Sorghum 
Rsc.,alch I1 (1S- 717Q.(..\ 535) lfor acid stils: prctc'dings of it Workshop on Evaluat-

RngSorgillilll 0 1liCeance to Al-toxic Tropical SoilsIe),l7. 1),j Ilt'liii Ill ti p~t-laiji a 1. I. Firt of ill latit, A-llcrica, 28 May-2 luhl 1984, Cali. Colom
iI 7. Sorlla l tcOf similiOile.pt-rati emn. ai. sFe hia. Cali. Colombia: ('Centro Intr-n.cional tie Agrictil

diclc d .\Frctttt~.ild'c hi~t~ t , 1 pcrmct lula Ilo~pical. 	(CP 19) 

213 I .1.. .112) Seellarma, N., Prasadt Rao, K.E., Subrmnianian, 
V., and Murt ,I).S. 1987. Screcnill for sweet stalkIcmip7tcr: Milriac).S'ollll Of ,,IUI..tll ICd busI, K 	 lorghtills, and environmental ellCCt on stalk su~gar 

lItl Polcit lIl laf (j lttl NdfL 	 eollcelntitions. Pages 169-179 in rcchnology and 
applications for alternate uses of sorgltim: proceed-

Suhramanian, N.. Prasada (:mi, K.E., .M, ngesia, ings oftle National Seminar, 2-3 Feb 1987, I'arbhani, 
M ., Amld .Iar!hunhthIWM 1, U. 198 7,o s1earH o- lIndia. Parhhani, Maharashtra 43i 402, India: 
tent ill slmlelllhlll 'talk, tid l ai'ts of ,,c! lel ct'ltxars Marathtwada Agricultural [Univcrsity. (C 308) 
frotli tile \ rl d)!clll~lpl tlli ollctll rl. 'I 'llit Of(11th t-- Sharm a, I!.( . 1987. Insect pests of sorghim and their 
SciClcc of l ol liltd .\eicullueL . 94):210)-295. .{jA 
279) management. Pages 121-134 in Plant protection itl 

field crops: lead papers of the National Seminar on 
\omdhead, S., and I areja, S.I. 19N7. I1i impor- Plant Protection itl Field Crops, 29-31 Jan 198t, 
tatIce of tIe hdllas 01' Of yoti lti, rac itn sorghul I Iyderabad, India (Veerabhladra Rao. M.. and Sitha
Iesist,'lc: to fhill, h ar) /. . ttomologia ]ExpLri- nantham, S., eds.). Ilyderabad, A.P., India: Plant 
mcntalis et Applicata 45:47-5. (IA 636) Protection Association ol India. (Cl' 263) 
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Subramanian, V., ,Jmbuiathan,I., and Prasada 
Rao, K.E. 1987. )rv milling characteristics of 
sorghum grains and their relationship to product 
quality. Pages 45-54 in I echnology Inlldapplications 
for alternatiye uses of sorglun: proceedings of the 
national -,eminai,2-3 FA)1987,Nfaratlmada Agricul
tural Univ'ersitY, Parbhani. India. Parbhani, Maha
iashtra 431 402, India: Marathm;oda Agricultural 
. ni,,ersity. ('P 340) 

Thesis 

Mao, .MohiamedA hefied. 198 7.The effect of planting 
dates and irigation on the yield of two rainy season 
sorg mln cultixars. M.Sc. thesis, Andhra Pradesh 
Agricultur-d Uniersity, Ilyderahad, Andhra Pra
desh, India. I IM)pp. 
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ICI. ISA,I's researhellr INt'otI peal inict hi\ 

attained a ieerc otIIIlt I l,. ' i I \ ( tII
dent I 
siiiu ili ant eir i ol I( II.\ \,\ k l ith'e, it ,, 
" Io, Ii lh Imli;I lid lthe ' i %ti, llltlC ,[I I l 

,prtL Clltl\ IlICtle c l 01 111 -,Ci d lit i oilI 

l t[)111 t itt t~~l ' , , ;I thl ,11 \ IJI .11,11 

ot'i etl 1". otIi' lh iIJ a I i i hI " 

ii t ie 0lP' i ,11HI % t iilli lli ', l l c i e I,h 

t\ llil 'll0t.e 0tl ttit he I tl ltI m 


pstsl t i i lOc",t 0t 1 Cllill I i mtllahead 

Ilt' llll ll%\\ ;1(iibittl i)
'L.+ sliiit 


lcliltcI tll I c V.I I tloci( it ll It.till itl 

,tI n Itcg!+ \t.t l u ' ,l'tii l llI lt i tIt l' 

i jt 1,.it- in \t Ittilliti. I hu lltjIti t -.ts I el , 
[(tei[l itl' li-tt I I li;sIl) t t Ii i tis-)ilti.I ;ilc 

psiti bh l ti ll-pt tlsm iltcttlal o s ,lerl;dthlculteit; ittil 
,hlet w, ld itt' illld stIell 1: t tltill.)ut(tih 

reedll,I r it 1';lmiailt, h oIS;and 

aiC011(ilt ).ig t)~. ojUt SC' LItCl-Ildcllk1\ 
sc'Illl 'lllnI t .~ I ' ",(M W1)-Ck II'\ ,t I , ! 11 C it l 

hi sell ti ilth I tt tI lhi.!.I tl\IIt(t ,t%ti dh)td 

hiI% oceIi , ;mI,ti " ht l~ICI I';lllhn (" ,I II, :Iit 
'l I,t Illo I.+ til\% i-II I 1, L h, i.\~I \ ilk,],\k t'1 l ot lt,. 

o:ttI 'rt . lk,, ll,. c u ' u ' I. ;I csmmt\\ iic III 

+li t ,CL,. .h mIco-,t tI1w , p q \ttidu tn\\ ll Il l;It 

!+,iu, ldtd u ~ cu h,.inll. I<t 'id . ,k,l:. I 

lc iCI t iddc'I: " a l t lw c' n .['c1, ho lt,L- -c n l 

ll 1[ l t to isc in 
thelo i t 'n lI' ', t 'c ll',,ill Ilc r)tic 

hri cll , ?, .. ,t. n\I) lhil iu t i 
t il lcdnt 

i cirirical, ImId-level scrcning methods for 
,lsC'e,,,11 1ClloNt rcsponse to drought and 
tCillp ri t cin ,,. ,[tell sc'tc illee t,W,it,,e W ith i 
I1 tt Ii oll \t , ai ableh to beter t uldelt l and 

"\h%ec-1 1 tk. a i 0tie lll italltt o 'stl ss 

tMthill ill t L I i' . archh" .il tl hC ltII)ti tls lRe.seccd 

lilti p,t ie lt' tand tl l it1Clto or t t tloon , 

l elit l cl t l t t'iewpit n Itll t lllt'-, ill 

' IOl t ItiItii ll aellltl "i Im I il, I Nlld.m llai ! 

\\ ' tl ttIictle l ti k,0 111 lll -l ll oC011 elt
'il l !till ltp i\\e e i reac itite 'it'k. tlll I) ' 

lt IIittd th 55 itlnntictlaiety. ,oiet actlin tc 
Ill lllt I)[tutll t t \'It l l ttiJ'I ,1tit t ll k iIIi

il l' , t pfl l. ite..i ll t ll \% 1st.",ll tile
 
i li , l t tll ti il tttil l j lit.
 

l l vdIit
tlrIil Ill 

i e'lll it lcoiralllclat tit i( I C n l Sa iti
n i )iltl ttlltclt,iate hV tile exeiti, 

1u110fo tc nguc' 11\C'on-CMIlli C\ ;lill'k:, pai tie -ihiu r h 
l tik, ll iol Illl+ ct (11-tl' ltl_ tie ",+; liICt ',l l t. lll 

l l;'d e lilitili, iol 'l l\ I[lo ec sr pr t 

Iil' (ku '., 1 1 tl\% [1k ) (L .iIit , rICt, p iI cIti e s: is!mh ct 
-th li I:!I',t i c ', n l 'X + n d t th ,,n c i ' i u 

-
::]"(ll m h ' tH'l+I IC t ",il c pl -d,.t111C \%;I\ c dill \\C S 

];lm it, , tl 0I c l >illtha u po lanlitollla nd nlctr -;;, 

\wiu ;:11, > it i ,olplch ., M in ic hs ~,,ic 
Cnd\ n",lltt~ltk icnIm, ila al'lc'i'tli ile il ttet tilt. 

,.hltd C IC udkinLtCot IIl t . h\ b',' thc rc'I.ill ,I'T I tiitY 11 
tt1ce:lhi 1 , 'l, . ,11;1ilt st c; l loss%k tlltke 's11..' 

i-t" lhltl',C hi+l\ 01 . I11' "litlc' 101[ S%l c ll IltCC- potecnltialI).\ it' \ b l ot. 

ol" iL .C gl' t I ( 

l+-, >,u lrc' cxt1h i,111 C'l ,,,.o'S ;IlnlOIg SUI)C -ior 

ta l c 's , 1 I h celd tph t , ' ;i c , ii l t In t h e ( ) u rt r ci)t u g r;.lln ;it lh c WI . I '-SA T ' :" th c

it ph:qt lil)ini ik' contcecntra.te'd l o.,..; 
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gerInplasl line., troi across the whole West 
Ail icall l iotll, \ hose recoibination has 'e to 

he explited. Iheltrt i,heing aswited by a 
Coll;boraits e\.CarcI piOCi on11the encti"h 
I. It, ,' 1I IIcl ,\Ves A tI oi and Ithert c,id i t iiti 

d(-'+.!lc~C(d[I IIC l 'J -,t',OlCCt. I )O )'IIIItion.""['I\\,C'c' ;:
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ieaiiil t 
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ttsailsutth tarl ilet Atie t aehsailiie ieedlings (e,niter),tubedn vided into 
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\\is 20 11111 I omlp:tIcd to iaillrthll rate of I) 
mm +Il I llt ,,ICpth LN ip ( Ia lc I I li( 	 1!i 
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l it ,iiI I i tl 1 1hT i t! l I itt llo 

__it____ . _,_ _ I ,,__ W it L' ll ill 

',ikll. lt - r ii, III lilie illf.I 

Ir ) i t .ltIi tI li<, 7 	 h111d IlI 

,,,I it'c Il itit t l"\i 1i l:li111Il h I I c; ill, 11 . C0 11-
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± 
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Cotntrol 14.5 6.7 4.2 
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Source Effect,, oil F.a.16 "116ic 

V',' cm parcd the effect (o the iiliods and 
eli\ ioiieit~lCl. ,ot seed,. ii ililitn oii tle stir-

ViVNI i 'icil I l e!,' c i i ,. 4 ,,i ih screenII ' I'; \ I Il l :IJtl' ,o] 1'lt. ,j.Xf 7 11. S CL~d 

l oi it cciit'p.'s. i i,. d ill tillrolls 

tlit II in~'.2li it i i, il IL. 4 tt it 'slc little 

iT|.IIti l 1i1t , it o ll i \lCItt L' d iti nll,, I L t IIl 

I Iii I ld It lit-i ,ill \I I
 

c t 'Cl \'s\ I',h telI li. Is i av i
I it elo ; t: lllt - r 


i1 ill lei t d c\OI lIs
o ;Illte ( ( )I t i., e i (h ",I as ti . 
.' p 't pt. w(u,'-, cl\cd1) Z I C II '1!Clo l , Ji ll(I I tolb Ill 

( I.I oll)e iliid i [ \ I ll i lh. 
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])UL'c(ItlbcI l) ' {, 1I1i ll thl]', t.*lI~p IIllI(, 
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Figure 2. ('onpit rison of sprea (I in stirvival of four pearl millet genotypes Ai III seed originiting (at)from (ifferent
multiplication eInrironments ( 1986) and (h) aifter reproduction under the same environment (1987). IS(, Sadnri, 
Niger, 1987. 

Colse 	 to \LilitIilic the efifeel:-,tliprptiitil 

tenlpertt tiles on the progresituol of geerliintion 
ill line hcCaiise high soit llliperl.litil oCClfIS 
C(lcUliclilv with s eilin,, drotih, lind tem-
IWItl'emu cintrol mIost a,pccts of lomth. hIi-
ti,ll,., elsllred tle pr\%rks.ion of eerlilini-
lioll dl ,lrdoptilltil tclferile, of 'oiiirgeto-
l\pC, in t 'i r1etlll iiplait Lit the 
I1 eit\ of !,elie. I K.I lie progerssion of 

j!citlllitlol Viu lIt, dccrihcd hv the estab-
fisicd iltdcl: 

I ti(i- lj (;)-l .It (1)01) 

wherc lt( i) ithe ine taken for cumulative gcr-
in'atil to reliaCh fireitCntife (i 'ittCmperatute , 

fc is tle lilllil. tmltperalture o ceilinig 
teritrll itiic of 'xeimlilmliol, aind 0, is flie tht
ilul tillil it s lriflft l'illlt peritlirs. Ifhe 
aissnnlpt oin inherent in tie de clopl elt of te 
efniitiilt is ne~itivemc iinr ieliitoiship hetween 
I t(( )an l lit siupriioptillal tetperatures. We 
found little differCicc belel the slopcs oflgC-
rintation rate o] lcinperatitlic litss e the 10th 
and 70)th percent is for the four 'notypcs,ind i

'ting thit 0,is constant lit snupraptillal tenm-

perittres for L giVCii sofd lot. Whefe the thernal 
time within the supratptimial tcmpcrature rLange 
does not Vary within the SCCd rionUlation, Varia
tion in l (() ,Llolc aceoillts for differences in 
the rlate of xl ininatiton. Assuillii thermal tlil 
does tot irv' ,ithin aiscCd population ani lit
ting equat iol (I) to the diffrcnlt pereentiles of( 
and corresptfidiie " title-.sVe otainaed csti
mates ol'50 td I (l ahle 2). ,,secirchers 
at the Ulniersitl\ ot RlCadiig haIVC found that 
thermal timeLialso doos not oary withia i .Ced lot 
at S ) 	 .rloptiluLiltCllperLittiCS ill ucl crips. is 
chickpLica, pigeoitela, soyhean,and cowpea,while 
the variation of11 (G) i ithin each ed popila.
tion ait he described bv the efuation: 

Tc( )=[Ks-prohit(G ()] (2) 

where Ks is an interc.pt coInst nItit i is.i1) C .1l1(] 
the standard deviation of lc(G) within each 
populaltion. 

The raw data from stiprlioptimlial temperta
tures was then anilyzed by prohit analysis of 
percentage gertination in terms of the equation: 

robit(()-Ks+(T+O it(G))io (3) 

I 
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vhcre dose (I -:.1(()) or '1c is the taximul ,;tle of therml ini for gelinutin., and ccil
teiCpureMUtc Ior m leoQss to -,cemination. [he in-temperaturc.s to SOK gel iitilatioi. Ihis vari
ls,tjil;itI is (those, si tingli l tti c% alteson) ation l+btvcen seed lot'. %\ais oilti rncd ill two 
of W. K,,. ;tima were ,htaincd ( lc 2) bv all larer sCs 0I ,CCd lot," laiibl 2). is" wCll as (lie 

,rl rtpr bit ath'l' iisin 1,tildard slI:.cq1tlii .:. t t i NI lu ill). use,d illsil; I-
ItC,'Ilt l 01\ ot O tilt 1t. dClti\ d 1, ,llu, the s cdlinl] 1,le Iiit )iriiiirC. the ali' tol0, 

'iii.iLititt\c' i InCii-i,+ i_ ii atoct ;tii aiellid iicriul, \,ithi s, i 'i,'e. i.e.. all.Inm 
1 wcil b ;ikd IdI i iI lt'cItillii t'-, seeds." hatd hIl'.ClI ,ist ttnii itle. 
, I int 155a lLc o . tlift l .,lilm i ls t t;,,' \Vhlctlii the d1ittitCih: ill lt lot .,and 

,-in t tIc 2). lilt,) P, ti,'cI i i o tII I"(iSlit ) i " ti'i tIll,I t r -,Ced 
dd~ i."
t..t~l~t 'lt+I',Hh ll'I(kl;ti
l 'Uu III qualllt5 d11tc'c -cc',I, .\,+ to hc' dclrlinlcd,
 

l'' ,colM i ,'h1wllm(11 +,<. %%+] "uhwt ho-Iti.z ,ccd [lol, It mn I ii(idi md N l!.:r 
th ' !l%+ait ;lit ;ill v",'C 

t1'hclin I'miiil iilu ci. ac'it Iic piIti- edtl t(I ItltIec.'t I at Itosercirt the s IIC conIIiditiow,; 
,Ic l t ti Itel i hlct c 'd It, Iii the locatiiiii1 .hcl',ccl, 


Fable 2. Range in thermal tille ( f.), comtant (K, o), and ceilinr 

I,(G;)50(1)1 derik ed from I 


K, slandurd deviations (, temperalire 
cequiations for a range of pearl millet gcllotlypes, illfiplicaliro enviroll
 

utents, and seed izes. I iuversity of Reading., 1987.
 

0 1, ((;:-5(sw
'.iit,pit ) ( (C ( I')t) 

ii. .i -9.9 41.7
 
Sioteo Local 
 6.7 40.0 
3 4!1K t 7"7.7  41.7 
I a rmik ohau 6.8 40.( 

Fhif m 3 

tI u1i 7.7 5.4 11.4 41.9
 
sidor Local 11.1 3.6 
 7.6 40.3 

411 K-H78 12.3 3.4 7.6 41.8
 
1)lallkmbha 11.9 
 3.4 6.6 40.4 

I Ju'en gcnotlypes multiplied in Niger 6,7-15.4 2.8-6.1 3.4-8.0 40.3-43.4 

-Sec cn gcntlt,,pc mu tiplied In India 3.7-12.2 3.4-13.5 4.0-15.0 49.6-39.6 

3 4H1K-1718 1. 0 1.2 9.1 4.6 5.8 42.0
 
3 41lK-lB78 I 7 0 2.0 12.2 3.5 4.9 43.0
 
3 411K-137s 2.) 1) 2,30 11.1 3.8 4.2 42,3
 
3 411K-t37S 2.36 0 11.9 3.5 4.3 42.0
 

"111I 11 3.7 12.7 15.4 45.5 

I. 0 i [l);ot ia m;i httc. 
2. L9 DIINl)-lnccIll1l1111,011ltilt' Sic~e iICd t0 grade&liCtSLT(11ol. 
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Figt're 3. Va riain ralttre I C, "here T,(G) 1in ceiling tenltp ' ' T +0 /1((;)ith cnmuitlaive germinatin (C %)
for four I).2trl millet genot. pes, as derived from equation (3) using prohil analysis of the row datit, at 36' (O), 37.8 
)C (A), and 39.5 -( (o), in which 02, K,uid orare given in Table 1. University of Reading, England, 1987. 
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IDroiglit Stress latte supply and thaitI te I. nitlll' not~itlii 

\Ieclianjris of' bTleraiiet of" Terminail Stress laitter v, s eurtl'i-rtid h\ I(1( iaheliv N1tidies0) 
Ilint inicated alm i 11nthat it 731 tie chonl 

V.:icpo tcd cnivi v ( 11it Q I;s Antiia d 4q)(11t . lo'cd al antlic'i. ap ieiie a".'.11luclili oolilpo

19h it1 1 iL75 hat l '.1 lt2' IolL lilt6Ct'. illici (flI t liiipt I illic I M ucI'taitt'i ll 

(clpanIckstig. We olei 1w tuskl ai ticlittestedall iahilh ~t'. 
,111,l 0eniliil il 'itnig nu i I! !1wei!Ii llrlia ilt\0! a i l 1C h l 0 a . A t-l10 % ll 
I (I~ltc sI antI,IIoti a I ~i!i.i I IO C~~lC'1 IrpaII-(t IIKr F nmK Ai ime (uidiut i hi\\tknSi lii ., 
tlk+illie 1)121 i I't 1o!iItlallfro thl 'Ionst til tillh that' loth lil( ilisd ,Zaidll ll. Il 9W aCi 

'.1itsd p aits f;d ,!lmlsri in o' t aigmasof ih 'iiaii ' t l itl I-riVl ll hntistese de 

)le t nkitiw stli-ed dnnodp ia t'll itIpindits ther o ;ls~it] 11'llt LII % tItnlsCl ie 

oI ll Ntlltinstiiiu il i t'l anitsiesd pc~inn/t wit t It. :le l tno Ihr 1ii[waleltNeil N l tIdict 

Anditl !it ile tit sil s pl olle ttriniies. il l ilinlipeHmo( litle aet~nd I ln kii'' dtleiti )1ill 

Gratitn sei tt'i W it thsed poillent iailit plii' ilSjt) il lrt,,tiitt oliteti mss\i.Un, i h 

NitlLitt( rliv stii nglltsa 1)ndpolfe l ier in l in-yi~ettis sis IItal siltl I 11 ee 

ofIilt I III t'cI cin1)o;uletit 1I'mni l t Ital hen t n 1 1H iiili hit ~ etie lnl do saM M nthai t Illi 

Iilliis lanti %eitit polnit ' rith lesoth ist ilt ttre il UPni atN>.N~~%\\Ckkil"l 

I il I lt anI se t i Itit i1 Itt illi\so' strs plantstiandiititie re oc tat olls~l .1--ci l . tilt %ani-'eNII 
Li~lliit il iteM:
'.tI iisttl illiisti t'.,d k ot apt' a ti ~ltIhn Ntwot al.,(i it peftil h 55 itt- tt'ttli

pollil oillhot an 60i.I t i tt l l CJ Uli e Ci>I1j 110 11 ilioistessd stcssu Nlth tIll 

*Xssirrr il t \os ompx.\e t e ltet~pgr tippl\11o" Ititpt1)11t lindo'.i w2iiti1a)5 Nttlcs ilsI-o i~ltpc 

dillerii tlt pore th StleS Waltlet lwas i st tcss'I li Ipie l t iiiB i cltit' t illitile 

tNitiU4ethtI tSlmvns oe nt' lle ot it c iit- N(IcstI it e .tthsi% tiie t A i]it a s tl ill 1)11 ere

lin 1tuc I''.i '.ettslit i ll t It' tlltttIt 1ii li (he icl t 'J[) are oll in heNss it l52113 ti \Vei 
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I-igure 4. Grain gronith rales for pearl millet enlti
vars ( I' 82113 l IIIBl;(1), its afiction of iliernm l 
lime (base 10 ( iffter floriing). W(,ISA (enter, 
rain season 1987.
 

pl cs, ol comparinu Lram1 ii rllh rate and 

MM1teIMlicc, Cti Jumgraini r,.rilpliciict' Uld 
,tie~ss aIcros al c .pcinotypes to valate thlerm /e 

iIlii(Oltp lih iiie ol drou htlti~dh t~ltt .isi of t 

Drought Tolerance oi )Aarf tybrid.s 

S a al i v IIl 'IdolwIa !,' i)', l Ie lelc',,tIf 
t 'Ir Ai1 1 IlphIt l II1lille 'mI hlle (d ) !"UIC Isc 

,,\ ( )Ilt s \nlllu ui l ol i ll )";7 'IcIicI 


evaIhat ed II lk'k-I wse: c c 1l I s It 1 Cli . 

(aland II\i5li ISihids h I d m1 lit sit (Itill 11 

g 1illfii c.pc inw lt,( )1(C.\L'h1",!lncntlile ll 
it,doneU (Itllill!t C;Ill ) t l miclcrahIil i\ ,ll i1 

tit-del IheIlkii iltlsl' etic , aiiVrduli i' 
,1M). We :idC thes,0 C'eoiii ils111, bcCtU" thleie 
I,so1iIC cOFiCiel thilat iliCl ill I1ay he lessdwoitr 
Iolcrlt i lldo light tail uinltlai tlalladtth 

poor grain lilling in the dwarls (1CRISAT 
Annual Report, 1985. pp. Ii7 119) makcs them 
particularly vulnierable to stress durng grain 
filling. 
Ol al\'rac. ;liross both ,.expeiments, there 

w'as Io dillerclc in tie 'ields oftall and dwarf 

hybrids (3.(- vs 3.5 i ha I) litile absence ofstress 
(Taue 3). NiChls under irl iruina \werestress 


reduced slieltlv mre in tie dwairf hybrils than 
illIhc tall hyb rids (31.21 vs. 26. 1 l),but the 
dillerence i uacllil! not statisticallyt rids was 
significant. sli2i.. stl.ii[wn -rtlcr vuhl rabilitv 
to ihis type ol stiess illthme ds\%,ImIs. 

Seed siue wNits,illeir (eed mass was !o\\ er) in 
thei dwarf hybrids thim illthe tall hYbrids in bo i 
the strcssed and tilOellowt cssCd tictllicnts, but 

leduction io seed is uelrllcl Vsils;tls sul
ilr1,1or b(th t pcs ( Iablc 3). 1her, is tlhclclorc, 
tI idce'c tSmallermo\ Ihat the tclilclicv towalds 

seed si/c in the dwarl hybrids cs then aty 

dilferenial smseeptibi i\ i),ires:,. 

lalble 3. MIlIan yields and yield compoents, 
and mean reducltion in stress (%) for tall and 

dwarf pearl millet hybrids. (RISAT Center 
drought nursery, dry steusfin 1987, and rninut 
shelter, ra.ili setsion 19,S7. 

II , 


Nll- illsi Irn 

Yield collipolicll l'CStr 1i'sCd Strcsstd 

(iraii Yield (gil ) 

lall 362 270 26.1 

)w irt 3535 2,3 31.2 
±7.6 

( ai mi ill 2 1)-)lol. 

Iall 44.0 37.5 15.2 
I )Nart 47.6 37.9 20.5 

St1 1.02 

tall 7.21 
l),virf 7.50 6.44 14.2 
Ie- 8.27 13.4 

±0.107 



B joic Sress5; 	 (eenhoiise screein, )orresistaince. Wec dcv'cI
oped, anld arc- Ct'xCw~vI\C iIiIllp. ;I 111celhouse 

teclinliqiic, Ior Ial :Istlil Iwanlle11c'CC(-
IFoliar 11'12;cases Iac:'-s Ir'm~ alc oxf\ ~lL\ Set~lillQs 

~iC~j~a'*i~i)cu8c 11a111C Cil(dC (IL- to i-heat 
D~owny MIildew (.Scic-ospora grainicoli) icekntl lpe1ii NI oaiie mlcil'dNtL h o aMid 

hatt lt 1-)h~ h6at 1), C atid, 'b'1 lfati\'e 
Iccoxer N rusis;anicv. lit (,()iIinnit loll ( 1iinht i'tani" llien io! oinl 1-. 5). ae returned 

it~~~earch~~I 'Rre~r\r~~~liei iea IeiIitN dit l 01'I SA I 	 hCit MWI thICIIev 

C%ahtiated 4 siiPtOh'i )cnie>, ot t l\ :iweN, , Ialter h1013 (iI\N. I eNK "tar inldicate 
c lliii'tlcdu i elationl iii lc\\i~cih aiit 111. Ni ti P ;hI'iia~ ton hcteleii cll 

13;i )\§i 1I~(1 RAM1 Bt. :1i1d R hoii> idthtulNiith(i NhI 	 tt. 
Abu I thit, (til tN Nhil\\d 'NO it00t jc \' C tiji that liii- clcreiijii tt'hIiilhLIC ha6 SC\'-

Iii dihiiiii huhhit~lcii\ccn~i\ ifx~iita l l fild te,,tiii. \0 cii c 	 atithiotigh 

ImIld c ctulN it'11CIi(iiii Iat ~ltcsh 
a it-t~liiclii\ (it-SIX. >eclhIeehmne hlko ht cet iti IAid io\\vitif 

~ i ~ ~~~~~d\ hetiiiCi\. 

le.NIltUiTt %\;Pi A.,( mi '. k- M 	 t i at a;kidxcntd tiQ of 

hi~ ~~~ ~ tIiIt ~ tii N lliili'hli]l (JItt-iiiiiuuIC NCReT-iIOI hIai'ie 
talic NhI\'v.ti h 1(() ,t iCCOCi !P a pleiuitillai\ iloit hit'xihifiii ili tiilit the rictuol of bi-ettlInf 
I laI. 	 liluiteiaN to dow\% iihtet n obiaiiied1 call be11 Ii 

Figure 5. -,pra~*-inovulatin of ; niing pearl millet Seein~igs %litiai sorhIfigial t ispeic% nde~iir controlled 
vinjiroinwiiai c nd;'ions for ij','' 'creviiing (if breeding mauteriuals for domiN ihI(el resistance. 

~ "J* 

? '~ 

http:NhI\'v.ti
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less than 3 ,eceks. and therefore can bK deter-
mned ilifcr h;lc',lt olotc gnera:ion atd before 
so,,.l", or at lc;st be:orc sClti ii or cross intg 
0I)eCritIas, in the next .ehlera:tion. It lso ,t-
uc'; tie 'c'oiiu*,'s el'dcd (or lild stCeelling since 
landtd, no rCquiLcd d l fewer iMIi das of libor1 
;ire nieeded. Ihc esults no(,tnitd by thi:s tecl-
Illti ci ;l mtle pcaleatable tha those trom 
the 1ieid-CIrcnIn1 tcthltiqtlcn , heem'ls illictla-
tlol 1< onatl the [lost t ibCl S fillan the 
tvri\ IlllClll1l IN t0i ;andkl\orable inlulatio 
inlc, . 

thId ,cretiiig for res-lalie. lC RI'SAI 
( entel %c c tlii;ltcd ibtoll 21(01 bccdil matlc-, 
lit miellil.:" otClllial A olnd B lit, poliitil-

ls. alld iltioti dcri\akii\'ol ill the dlownvy 
iiiille\\ !iil0el0...\1 u ( d t ltltl eitijes did 
ritl ' lp d is in a pll!r1 ll to illiptove 

downv mildew resistan-ce in 12 varieties derived 
from four composites (SRC, NFI.(_C, IVC, and 
NIC), %.,c 25(1 progenies in theevaluaed S, 
dowvy niidew nursery. Although 100 progenies 
slloaed iigh dcgrecs of downy Mildew resis
tancc. onl\ 32 %kereanuoiiotitiCally acceptable. 

LIne sprinkici inivaLion Iomr :ht, first titme at 
111'l fstittit ik iirtiomqttlStutl Iilieh 

,t) Niger kIN AN, !llatioi at littngou, wc 
'tl (varictics 

nli's) of 13 trials Ior diownv ildew resistance. 
lntrics in trials ld'Vest At re!alln tmaterial slch as 

C ellC23? c tiics and breedinl., 

IC IISA I' Pearl Millet Africait Zone1C A Trial 
(Imz\ II' ( ,i.IRANAISA('ooperaniiv 
I rial Soth /ne (Ct)lPISIl)), arid INRAN 
IWRISAT Coopclaliv lri;il North Zoti 
(C() lRtNo),. had a olCri'a dukllVot'lildew ilWi
ducne o! 10 ,, n11(lit 1C ,lhe testcle Itiecs lti 
1i10,e Ili:t11i f lc'*,lc.CC I Clible4). 1It _Olltrist, 

'I'ilh!h -1. ) mi,nhiIldte , jilt lince il. peairl millet ait eigoui, Niger raini sasoii 1987., 

. t'lllllbt.'l~ Jl~ccIl ~ ll2C,o i c clloic,, In thu 
1).11\ii n ticl'i cl) e.cm D' incidence 

cntrc.. . ....... ... ...... incidClcc of Stusceplin~le... ............ 


1 1 
,clec .icdi Il sellr t I 5 Ii) 'I1 1) 21 30 -.,1 o t riaii I C iro i ) 

I /. I 15 13 20 40 27 I 0 1) 442 
( I R.I tO) I() 1 41) 50 0 9 232 

It ISti1) 12 0 8 67 25 0 O 9 1.32 
'.%I\lV 1 151 33 27 33 7 0 1 NII 
P.\ 10 

i'MII V 1 
t I 

16 
12 

AV,,\ N 
\\AI)ON 
1PIA)IN 

10 
24 
27 

IMI t1I 
A IBP."IR 
1IP,%SN 

17 
38 
26 

I. Nt/N%It.ISAt M\iltet Zonult .\ 

IN'RAN-(RISAt ('oopcrai\e 
t rI %\ill,.1i climin-i, N\atir iics 
WAI)MVN --\'cst African t)o 
NursCiV Ii'MI)NIN - It rnze a 
AII AI. t),11 Scrccniig of A it Pairs, 

2. Stisceplib]e control N1111 3. 
3. NI )M-,u.,cptihi. cotnirol rotin cludt d 
4. Susceptible cortro B1 104. 

t 3( 31 30 ( 1 I1 NI 

0 6 44 44 6 0 II NI 
25 42 8 0 0 25 14 NI 
20 30 I0 1 20 10 15 21' 

8 42 0 13 13 25 18 331 
19 11 4 7 11 48 28 301 

0 6 29 18 12 35 34 NI 
1 5 S I I I 58 39 222 
0 12 4 12 31 42 4) 454 

trllt. C.')f!(tNOt ( t<%Nt.(' I .\A (olpciin!c 1 ial, /.Oiwt >worit, ('OTRtSIJt) 

I il. Ziti Sl~jllt. P tIt:\t{- tI rl \fillet %d ancd i ;uil \arieties Ilri't, W'M11VT 7 
\a~ict,lruml, PM ll t = tcall %fillt c lhuti ! F ki r i' I r la I nitiat ResiorcisIrial, 

k '%little% Variblity Ntirscry, \VAI)M(iN - West .A\lic:u )ojwir Mile Obscrvation 
I ]t 'iatl Miller I)mri Mitc N\uisc, I'MltlII - Pearl Millet Initial Ilvhrids Trial 

Itt I.SN Itcun ational Pcarl Mi,-t Sinll Nursery. 

in trial. 

http:lc'*,lc.CC
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trials in which the majority of the etries came Field screeiing for resistance. \Ve cva luated 
from India. ,lich as the International Pearl I l00 entries including germplasin accessions, 
Millet Sinut i >erv (IFMSN), internation- breeding material, and international disease 
al Pcarl Xilict )o%,n\ Mildew Nursery ([P- nusl-cry ntrics forr ist reacti oat Bhavanisagar 
Nil)\I N. [e.rl Millet Initial Hybrid Irial it India lic majority of the l81 germplasm 
(PNIIII I. ;tidA B pai>l, (A BPA IR ) had niuch accessions selected from- an earlier screening 
hilte.i cls, ul dow\ns iniliicv suscptibilitv. icinainCd rust-free, and MIne developed inure 

,,c ,is, 11Wx1e, :cl c ,t0I the \cid . IpCe .;sC- t1an I0; ru' t ol the upper tour ICaV'es. Other 
tf tim:/]: .'iu wi ll\Isli md B urkina Vaso. niatt ial shlio ted ml,dCratC-to-Itiel 'ist severity. 
Wele e+tIcd wi potu tit lo\',II\ t11>1ev, Caction At l('RISAI Cnter. we evaluated 428 cnrtritc, 
and none_ ei viii includinglhreeding Clot- andhit\udx resistance, incideic rnaterial. sMut

aetneM im 1I? to ilt) resistant liies,, and accessioins, and found that 
c l lt , l _,.'t nltl',li.i acc.'sion>s lor -1)' Of the entrieS developed 51 or less rust. 

.l,,x%1 Illilc, in Nlaix\\i.~ iti:t. /anhia. Sixtv-fiic of the 158 entries that wereCalated 
And /inihahv, . Inlat ,i)I cii ditferentials t hth locations remained list trc. 
Sis, e at M (, ll citi i in ill I l *ia and iltc'tcd 

N\Ilax j swa pail ot lime .ulitlllIl AfricanIl)evel
opilellt (cililtill (Col:fiectlici," ('-:- l)C.'(V) False Mildew (lhnioisskiSa .h~eroiduea) 
I('R SIN.I pi ~lt t. ll tll iltlli I stl ', ws tiiildlv 
sii, cejl, ihi] ill tl ,llCede. ilid \er\ stilCol'tiiic ill In Zi bibwe. "t fotutnd resistance it false mil.-
Ithers" \k hiue te, nics iHIthe differentials test dc\' under natural discas+C pIwessurc in both local 
lltid lo% c\cl, ut ilcctioll c.'uipaled It the se- gcin'lasm c.. llctions and in introductions. As 

7 8 ).\eiei i IteCit'd i'ulItlrlli 7(142 I )NIS and lImpala. in Mt8, (ICRISAl Annual Report 1986. p. 
\",'. I tild leicuIl tllx iticd hreeding 70,12 I)M R tad a high level of resistance (. 5' 
nltlclidt ! win India atnd \\est AfrIica to he less severity). 7042 RR. I.M I 'S, 29, and ICMPS 
,IIs i t ht It' t.] 'A\ ' li'dcxi tiui h al \at-ietics 1500-7-3-2 were moderately resistant (5 10C7 

ill th S-.\I+C( l.. severities), and Rl,N l I and (AS, both bred in 
Zimbabwe, werc susceptible. 

Rust i I'lccihia penniseli) 
Leaf Spot (flipoIl:ris urochloe) 

( rn one.'ns <of resistance. We evaluated 155 
[ust- ,iesk, t q2eermplasin accessions at ICR1- We investigated a disease previously tinireported 
SA I (emt lforie.dinial shape, size. an rup- in Zimbabwe. whose sym ptonis ar. character
til ing. and l,4 prodtitction of telia. One ied by leaf spots that are extremely v''aiablc in 
Sti lted-all -.iih1t c1 shape and size. The spots may bi: small and ovalcitt tieprodt\cccry small 

ticdina hl L,,iecd athout 51 of the leaf area, shaped to large, rectangular or spindle-shaped 
I rcditiia dill ;uot Iliptilrc incight ofthese entries, measuring 2-15 mm 2-25 mm. [he spots have 
and OtlW 4t4 iuthem pilodiled telia. Ihe remain- brown margins wih grey to tan centers. tinder 
itij entries produccd small to large uredinia that humid conditions, the lesions may coalesce to 

Coxe'd lW (5'7 of the leif area. Urcdinia did cover large areas of' the leaf' Iflade and sheath, 
•not ripttiic itt 7 oft ,,, , ntries, ,and 22 of them and severely affected leaves twiy die prerna

did not produce te; luntries that produced turely, somletitmes resulting in plants that fail to 
nonru purirmg uredini a will reduce diseasc devcl- produce panicles. The pathogen was identified 
op-tinct in a given season ald those that do not as Biolarisurochloc (lPutterill) Shoem by the 

piroduce telia may reduce inoculun bUild-up for Commonwealth Agricultural lBureaux International 
the next season through te alternate host. Mycological Institute (CABI Ml), UK. 



88 Pearl ,ll/l, 

Virus Diseases 

We coniiried hv Crtological tests that pearl 
millet, inildin I'M V I VC-('75). rucntl\ 
released j, \VC-( 75 in /aIhia, can h,,- infecte d 
hv %iIu,C,in /.tlni. :ilhtlltih Ctu1uCxtul fI 
,Jtiniatt .;', nl% '11Mc', e"il \t ' i\ i[tl'-. 
HII~i , " hoth dlvi;' m\,Il Itr ul, ;ldt\l~v, 


_lrcalu ..nIlttWaid \ iu,. fili', hc i,',,i',cd 
Ii Im ii',. o hih it indcl.c,''c ucltcdt 
rctakitll, lip,', ,tuttiw illI, ,CnICI'lk\ ;wc,-'< i,:db I,, 1( 11 Cr ,tl-rc"P,'-tant inlhi d linf.cs I>:'(I. 

illilli 'ircdt.t t f' tllc-n I+tlami~ '-,cilsotll 111,1t11hu ' ),t\ t t't t-+Icist'llit I lcl-'tctrilclinIc.1tccd 

pz ,du~~~~~~~~~~~~~~~~~~~~~'tti +.,l,+,tpattihtICA
]Il!- aJt,'+c~c+lunen
,11 line,, and foul clrgot

l it> \ ill totl'Ill !cl ,O1 .' i I( I--
.I untur \\i th u help it lt ; lthit et itI ol [n 

I( Ic I I t\eod rihahdot , patti- tiller.,c 

dc", ill rth..,aip't.'Itltiit>, 011;,t.t'tCd piaitt.S 

;!nditwo iIf\h . , 1 .1 104 and BK 5(0,il. Both tiu 
11rti)to ,tl,v hut,,uepuriod and the 1ttlC illter\al 

111 %CsiS12titi anltl'VShoVinouIu1Ctin and a th C,.ur 
tcri : thut e sistillit "hall ill thu NlLd tihL t )IO-IhC 

Table 5. Variation in flowering events illpearl millet line' , resistant ard susceptilble to ergot, and its 
relation to ergot severit) and sed-set. I('R ISAT Cenler, rainy season 1987. 

,
Prot ogyn.V! 

1t lo' pt-itd (11) 

tlN tl'tS -
ICN II.,s 2 52 
1CM LS 2t) .113 
I('N1I'ILS W, 37 

FR %ISI,\ 72 
F.R 1B 56 
R MIS 2A 72 

F K 211 55 

1:S 841 A 82 
FS 841 H 68 
B.1 104 94 
BK 500 91 

SF ±3.1 

I ilt' fron inoculation 

to anthesis (hl) 

I220 
2S 
19 

20 

40 
25 
43 
27 

54 
40 
7i 

64 

±3.2 

I A(T'.I titSand FR entries are ergot neistant; [S entri,, are 'rgtt susceptible. 
2 Alt datl hascd in 42 9)panilc hom 3 replictes. 
3 SI: noll tnoputtcd ft %altt I . 

es45 VlJ t It p.irtl ht it,'I stt Jtltelro (Sl ).5. SF"for cornpi"o t)l 4~ sIu,,cepF:ihict+nuli:.only.
h
 

Pani+'|e Diseases 

Ero (( i,.eps f,.siforinh) 

lhwering events illrelation to resistance. At 
l( 'R ISA I (Cuntur. we rccorded the lrmtolgyny 
1 tuvid (timn intcr\,,i hetween initiation 0I 
,tillil cIlIt.L" t' Allldm ltlic+:-,iI!C.' oillthe ;ilem Cep ll

the tite iiiterv il 
and inth ,ic+s.and c11t01 itv sC+d scl ill 

itC.'), hetween er'ot inculatiin 
t nIld 


0n1 

s.vuritv ('i) Sced-set (( 

• 3 72 (±11.2) 4
 

I 54 (+11.2)
 
I 35(± 7.9)
 

4±3.1 84 (-11.2) 

1 I 
<1 51 (± 7.9) 
<1 <1 
<1 46 (±11.2) 

53 2 (± 2.2) 
18 27 (± 7.9) 
52 5 (± 2.2) 
53 3 (± 2.2) 

±11.8



tpes (Tahle 5). Ergot sev'erity showed signif-
iciart positive correlation N,Ith protogyny period 
and the ino utthli n-anlthCSis time+Iinltr,,al. ailI 
"ittif at eIaIt, t'tleralitltl l \ith sced set. 

i)iffe'renesC in the iotoinhfStheIcISth period 

tlio11- . \ime1itid iii ltitll litti, th.le. itowe\cr. 
ynileit l: atloite di l-rcil patniIccs \,Ithin itt 

lnlr\. I hee l"iuits; rre l' l otiti t lil li:t(lillg 

thii api ill itil t i .l,hnitst-i- Ill haegcd 
ptnieildc It<trc . c li ot ,"s ' it,. 

I'ield CrelUilti for:' rvo'tliiee. \\ C IC'ICiCId 
7.1-1) <'!lti~c", tl. l i t. ilt it h a hi itl pl()h. , 

e 'i VII i i , ItMlo tl t.l iii t .f I t Ilt1 I 
( , t. I (lil tI hc. Il\ ,[Id htli\l el Ii'l. 
itd S il;i '.hlt-i h pii\-ii+tl. tittellt il-

t ii tl!( it . I I t c 1111 1(antci~ 

(11t, I li Il wiiR"l t Iel+ill I ,i 1/tlilt IIIL. 

I I i i ltI 11 V_C' IIL it I T i l, hit:+ I I 
ti/iM t-,t cl .lt . itl . ' tftc tlop il kw! 

I5 I 1 CHtt ii hi. it,t W cd il ,'ll Ichtl 
'IC,i~ll/cc' .Ct I 1 I(i Ni lll 

p\ l ci.lc, o: i i-1 aitric, I ilthsit.. liii i.,tiltio 
,;illdl d " ITi l , ;I l, l ll li ti t tii 1, : t ; ! c
 

.
tc'<tlil Ll

\\Vca ti lc'I' 1 h co...ui i etl ri ucclicdlit heiow 
p! 01ICniM+,, 1t Mnl Cu0,,'", IM kinli, - 1M- 1I R 
lint:,. , ilt I I li 1-,L[1 pi olcnl c o.I+ thii I t 

( ilpt+,,liR 111~i~llo o. (I ( 1L. inld p, ) lat i ,.il()I 
,'00l( 1 1 . u ,1 tl , 0i,_cl 11 I R~ 111ic', 

k5iT., tl , tc 1 li l 551tse tlt p ili lic , 

i Itllci ,it ' tit \ ! i tul( , +t l esll. lpsi lK)t ( l + %, t ti l- l tdl 5 c +,o t sc~c rilt\ : 

\ ',<'i: 'c c'd t " li u,-, !o Ur IuIllh/ tIt~ nIn The IIc\ t 

u €lu. ) 1i11,[lllt l - al lilt M ('()l "c'tccli'cil. 

M amin l~cil I2'.lll l 
+In :ct. ". I,,,,+\cl,: ho~und 

t if>t~i~+ c ",~ll uc' tihlI~llll~ id](-,,Illltc'l 

pc.,' ") t III ! l ( ( II . h~'; Itns 
' lil+ti lit>24M ,t: lil/. +ilitli~i t c I 'l nu 

,.ai l lil, Io_-!1'i~ l i, i\, l. ) 3 ( R I IITSimii W V 

an 1( "1 I- 2') C I! "tItthlm8 

" ill (utt l o lot' tlly,, thIllIl ), t' anldt 198,7. I11 

IIlC IC IIl t i I , hSC ,', Cha',C 'W +i
+, 

ITT it l e nt o ll C_,tl'o i r tu', ,tU i l c c u ."l ig arti fi c ia l 
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inoculation at licnldcrrsn. ,imhahw. fie 
crgot-restlant lines frto ( 'I ISA (cr tci ( W-

I .34.49, .. 7), and 95) htid it), triot. 
()ther I('M PuS liTies tad qiiitli, h e'. Ie\ ek of 
infection. 

Smltili ( loh. ip]s roriul np,,iucillaria, 

Slltdit' ()il N111111 iitection . \ t lkiwttLo . Nig- r, 
c ,tudiC d tie i t I l 11f date sotwiiOtW ll i12 ofl 

aitd the clICCt (if hii)-eiil_ on] N tllilt W\c IltV in the 
it nt-m, teptihie t\itid !.1 liilit d\icIl'itv 

' \(il it It\ lmt ( 1f I a:ni tt i Til t \ c I t 

IitCd d h hiiitn rinfal7 oil h tt lC'ditt (20 
palicc. ( I',iL 0). Smillt l . tcsi tteldl i 
p 7 i) tint cl oser i, \ t tttileii t alulp, 

dwarld I , (2( e it fene-"I tiontit lii .eitc ,,it- (i 5 
uInlc). !ic l ofoh-illlt w cii t\ 11n i.'ha ird 
0\\I \ttilhepo "IlItg duct ei toipearl mtllct 

mid ettcu d illhution (I tt nlriillill (colli 
h~i'l it) tulnitditi ui tIwtho'fsd lt) 
stinnc , t hteCI,).' . 

.F~ield s nc i nttiiil for lintill irte+ik lalltc WV e 

-Il *\ndIz"%n B)411 i tlio l 
mn, et.nti I 01 ',Ii lt ItCSP+it it h\ ',ittIi~ lici lh t)('-IC, 'C+C 

ITulitt mI'll I 'R ISA\ I ( 'c llto . r I lese.I IInCltdCd I' 

pro l lics ItIoln cl i ",cs, iit l!\ 111t, S,Ill t -resistai-t 

d\%ilrl Ilinch, I', pro"yt'clllc.'s Iftll1 +Cltal ."llt

. iit t ii,,
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+, . III.C Ih p CF)Ilh!CsC IodiaI - tit:1 l 0 p~an11ici- It ICS 
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resistant ger l;pla Il ;tLt+cess.:-io+lls, ;tld~ V"-prt ll- ,%H +LtCount pot 1 (30 lah tS,) %%ill, IoundI Oil 
iCs fro 1t0&0. -FR lIlt:>.MOtr'., thai SOMo tilt' I('teMV IS 85333. tndthu i1 lc.,t (7S plants) oilclltrit > hild hihl It ",l, 1,,i.,m r ,,i,,tilltcc S'1";:30 1. Ihlec t' ol lnt, .ad+ort.S Loc.ill, had 
,Vt CIitV). \\C "'ct t . I it', it'd l 12.?'iti h 52si,, plants tpot . l lit t' .tnm i:;i-sick plot. 
ltiI+, itl il . )iIl( l lltitidc 'lhk l-' 11111 lit S " 3,1I 03.5 plani t 5 t an I%[lot3 ,3(uIS 85333 
tc",ill !. ICtL.il cl, it' ti) 1 2 tllic,l iL' t hI'!I 0 PiI> t.h,lotih ttt l t it'll 0I 

21111t h i N dL.MIA . ,llqll,,it ".,Icdim 
 l mid W M V IS' ,t5I,27 hitc! the(, hiihlttt 
( "lIS'N . 11( h ' it ll itmtt "l . ' . iti c l i>llb t ( .. 5 p5lur't" p)lot i). 1lhe ditll l'iu, -, ill 
Sce il .for .:\ i ksi RCi IS thtoltt i- 112igit t ti,'t I t ttIIr , 5 t! lt l "t I I hCe-,ld+(.' , 

.'t Ill!l 1',L' Illll ('it," ' '. tl\ t.)I[1 th lt)[ll 'llltil ;, tht t tun Al . llln t ht tiCm Itp,,~it~i, m d, " I ,t il d; .' 
i l ligh ,:ot r t t+%IC:lih lt ", t I R=1. Ill Jo',llt t IlwtC\{ill [++ ioll ill poit", ;11 lilt] a doqlt ill 

"' .. -lt Iit iti in pt> tt ii+ dS)nith', ih 'ld.t \[iti ,lt S,tlt't't It'CA 11,d hi.'! ."o't1 ,+a ' I 

ti l ltr' tCd itiletl l t C intt':uti l he' . tlt'Plot
h h\ tut '5tttlIt i\AILu ill li,'\Id ,'71 pl , 1) itlltill l dh i ii.;t t t 'lc.old .d tl ho, h '. +'+' i k'cld , 1.id icating It 

\V ',c'i ' \ !k litt cli+'()t /L, ' .,. th i:u \ u,, iaH oli alh wl l . lto <.'I;1rh 't. I,, ,,l 
,t i t t til' l Pi;I i- -)I\ p t.+ il I 111u lim , t+1cfrlth C i i : :+l,110 "Se '., illp 

L'It" %\ c. !tl jlilicI ii \ ll ) ll;t+k] + l \, lHc ,t llw<'.h[ l '. It" I'- i l it+C. .. Cll ill pts 

tilil '- Im ,rImt t i " iq l ,+ 

ho<+ t.t",tl'c 

(fl the I I/ \ I cntlit, ,'\ , .. \%t ltlf tl H' P] l Iitiil.,X:,\\ .I,:+ , ',c., i ~ct t S,1t'-,,-,I.; 
C:Il l L> h ' , 111l; ' , %,'It , ;it1(! tOllk ? enlIil," , 11t l i I, lh l c,' k ""ll c+liti\ il'- N,'l I C t O lo S,
 
IM ', ill t! IW , '. C\ ' 'I , UII , cd tj\ 1t tht ",tw, 
 b h rill t l '. ' tltlit) t l'l* 1 , [ II,Il ;c 'tio ll 
(t.ltiNC' M< <l 10 V,11tlit ,l ,,tti 1! L\ Iit\ I llI- hcI\\ cen thlc wlhcltIlnic,,tc"q c mid Il Ccontrol. Ill
 
Il "llil , i'kC'+'llI ,t Ill i ' \\ '11 I i L t 11 lt \%1!\ it k~il lllt ' l t t' c I 
 I m o ll111,i ,'1,1; ', ' -[/'~,ul

'."'triglj_ tlIi I ( ,. ., ( )hlt\i'iji,;'l\I tltT i "lttt[i\ Ii!'.I t"id <. !l l+ l l t(\ I I ). 'li115iit n~cSli thI Cttll.'liriti 5. ,iii H CiltlI \ tht ' l , t'! t 1 !i t ( .[ttt ( ) [ .I Io \++,,,+cr, Ithie 
l'.ith1 it!Ctl ou I(, a ;tI I d ll 11 p+liw \ c.t 1 lit ". I( 11 ll ptill l l t, lIl thl ic~l I , ) I ill i es,.
 

110 11i+lll
I 'l{ , \. \! I , ,I. 'A,I . II ' ,. \ IIICIc'C'II ctx.,, c ptI N5 W \V. ih 1 11 t"12111(t'tltii IS(m SIC~tWstV i5;3 2N X), ) 1;0+ ti vitld Cd"A' Pit.ili1011Xii tdti'itsitl1 andA ')tre ucst21slt~rItCI I II itL :, It (1 10 , .11111! Illdt tilt+ Icill;1illilli, 1) It-"' th alll tlilt l ~ci \;+i <:tc\
 
( 11111c'. ilhd I tol 111'H!, ',%-\ CItl.'\l Ill thet+
 
iWV SI N. 2,I c>~~l v fl,t~i ;1-, ,Hlt 11,tu, Scr( niv1g l1'enniselum siulaicto nv,,for .1'triga
 
Ic-ld,coltt 10), :tI ,.llkl l,,"I 'l " ln t. re,,ista+nce. Il-), 1\ ,c ,,,i, l l th , iMd m illet
ki& 


( & M+: u,4 dC,%A 'PC!.d it ISA I ' , 1 CtC
I( ,.. ( Cult-I iC,, / ' ( /I II.III I 1lo lIt'-liffl, Colltected+ by 
:lP 1) ll(,i I d IhIiI\ C I' il~ I1to tt" , I , ,1[ tll M ll t' Ill tt l- III',liltI 11 i1l 'd i> t t ' L1- h .,,dtCl i i, t U [) t1+I
1 11 HI'il%1J'+1';l%\ Ir..,, d /t Irllll h,,c t' q l, ll
l i Ce O,'OP -Iuat ill ()IR S I 0 1) ill
 
i'uthlill [U9S, ;inld IUN[III(.\ 1h,11 p+ciIi nmlid 
 Vlth. R mttk.iiml I indam 9l anld 19,1 (+.N i~il t Jtg 

C.",Po.c~, ,%,ell \\Ctt I( \11"I' I. R-'I ,11;.-: 
 \\CIL: tC:,lCd ltl . ,, 'p,,I t l l ill Pot-, at 1:S,{

Ow..0n 1. IS 2 [ ll Ihv Pot,, \o\clc ;titiw it i;illo, lilletcd v,till a.pp:ov\ -
I( XII)I ' I n Itc 0 1 N /I'+ ' 1)(())o-.t I:I ( 11tcp td I i IICd 

t~igl t I/I " :L\ ell l+'llictic'. (hoci ind illi rl-m ct l I 
\%,t.c.r-ti'-,.d ,s +olll I t A..\ Icc'SLh-ionl \%+'lt.c I oulltd,St/iig;ihe oo thica ht ,A iIv , 1 

inlt-ction lc\ cl 7.1 I) .. %\ ;1,,-l i4 I ,% 

to he \. tu i th\6.S1'1'-"dr Ilhe nlltil, 

1 aili., p-tl it 1
S"cree'ning for e,,islant'e. At K('i,/,\ F Sahel- thle hliplht ,t ein .' il l 7L) ltr jil ;iCCC. ,itm

I~ CIIn( C ItC (l'( . tSICSICd iN1Z AT e'ntit-i sI I~ I1 n IiiI II i IId Ih, Pu;I ( ;+Cti lr IIc cS 12 ;,1 ct: , 
. 'l;l-a 1f I b'oth the ,"t' illt', I-/l't;tiloll ill iLa rtom Il it .,kil. Ilm kt ilm ,:-. I l' incan raltc oi 
',Jck ploh t and<+ ill pot,, ;IItiliCiall1v ilI'StcdJ ,.\ith infectiul on r' tihe Sc cn corl" ,, l . as 32 .',;ti.-,' 
;tpproxill tcly It)000( Slif, ' cds pot 1. All I),]M :, 1)(t '. IhIe IC MlcA ir,ial.Ofl the' wild Millett 
Cnit t-le w rCIh,:av il ifflccttl, tht lowest re1call y ct-cic:, at Ml IAS \%';as 7 j,:;.coiu .. d to W9; ill 
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Figure 6. Screening the wild species Pennisetunt violaceum, for reaction to Striga hermonthica. Plots left and 
center show severe infection by Striga, right is a Striga-free control. Pot test, ISC Sador6, 1987. 

the control varieties, but 7days later itdecreased longevity of adults on different foods indicated 
to 53% in the wild specits and 81 .in the control that adult food does not seem to be a require
(Fig. 6). ment as adults fed sugar or honey solutions did 

not live longer than those fed only water. In 
limited field-trapping studies, presence of phero-

Insect Pests mone production by virgin females was also 
demonstrated. The Wing-pheromone trap was 

Stem Borer [ Coniesta(Acigona)ignefusalisJ more efficient than the Delta trap. 
Laboratory studies on larvae show that termi-

Biology. Previous investigators had reported nation of diapause is under photoperiodic con
an abnormal arnle/female ratio based on stem trol with contact moisture being a secondary
borer adults collected from light traps. We sexed factor. This agrees with field observations where 
1087 pupae and found the sex ratio to be essen- pupation does not occur until both optimum 
tially 1:1. The differences noted in light trap photoperiod and contact moisture are present.
catches are probably due to differential responses This dual mechanism ensures the survival of the 
of males and females to light. Our studies on the insect in areas where rainfall patterns are erratic. 
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(MICR ISAT Aninual ReIport 1980, pp. 89 91 ). 
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S71 has 	not been able to enh'ance the benefit froin
"Fable 7 ,N Nallut inlIeal millet 11.1 104, inoculation with N,-tixioe bacteria. \Ve will 
;or'g l ('Al 5,gl'(}llmidlllitKaliri 3 (Rols! therefore discoittitnle effort to obt:tin Increased33-1). and a ittinut oid~ifiiI)g gro UIR l finlne, cereil production m{t(ul N.,-lixingh\ ltlcil mitl 
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)uringthe riaiy acisoll and Nwes tudi-d 'I)'M. 
accnlulatio. grain \ild, lId Nitrate Reduc
tasc Activity (NRA)(ae astre of' potentuiai 0,f 

http:s,,nific.it
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etubPositive effect 

P 0.01 P 0.05 Pot 

4-4 " NI 
• 2° .  licki 

F piobabifit. 0 (.02 0(04 0.06 0 (4.11 0.2 0.4 .0 0.8 

I - i..x77 -?iL f\j --- N 

j 0.I P-))I 0.05 
4

Ncy'ali\c lcci 

1, ire 7. lDisrimuiiun of probilbIilit.N lvekl of significancu olthe differenice bhen hso tfeatmenlts, iunoculationi 
%sithN *i\i'lg I iclela anridlioIiiocijlated coitro. I)a are from 1 lot tube 1) pol, 11-(.9 field nperirents i h 

pearl m)ilIvi \1 ) an.0d (".0I i 985/86.Ii 0gh0 ( e erI,)..

,able I V.0i ,. l iomis liuietof (Gious nlonmpt./um) iii ttioi , and P tilake of pearl 

I( .\I I XX - 75) grom i o jilt different rock ptho'spllate sourlces ill Soil cIulture- in pols. W(RISAT 
Cv i t tk i 

1ICC (urttr4 ltrcitd Control Iiiocttlaitc 

1i1) i)c.CJ, rot k phosphate 
K i011.3 Id 19 13. 1-1.3
 
pearlo 12.4 15.0 13.9 16.0
 
NM .ri 14.1 9.3 13.9
.1s 8.7 

Acidulatcd i. rock phosphate 
Kodi al 21.7 25.2 26.6 26.0 
1ogo 20.8 30.5 18.5 29.9 

SupcrphtSlatc 23.8 31.8 23.5 44.8 

Control (\ ithon(t P) 14.7 13.5 17.2 17.4 

S L +1.8 ±2.8 

I ca n 16.2 20.3 17.6 23.2 

CV (') 9 13 

1. 82 di's altier sowing. 
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Table 9. Influence of VAM (Clomusmoi.mporum) on gromwth and P)uptake of pearl millet ICM V I 
(\V(-(75) gromn with different unlprocessed rock phosphrite sources insand cilture in pots, 1(U ISAT 
('enter, I 87. 

plm c (pphr
(0 o 

K()du 0.20 
IOgo 0.3(1 
M ussurr 
 0.16 

SI -0.018 

(V'(!) 


, N2 d'', alle sowiong. 

plant N uptake) in caves aid sterns at different 

jtrosh .,tagcs of 17 pearl millet cultivars (Iable 

10). lice experiment %Na", tLsi1!ncd to exuirrt 

tri' rlationships bewlr N issiuilatiot and 

j i linpr-Iol millet pross tlof] .\Iiad, itlhl(Nm 


fI2K0 'Nha andhi.i (SOk !',hi N-lIrtilc/r 

I,:cl\e
. 

IhcIn.' I IX h q a in , iwhl aL_ION th:c.'an W :And Ov 
Ctulli',a i did ll(,l dilt ic; ,\u h(w anod hi!.2!h 

N -l.' I:ul,. i, IllI I U (1 .9 tI)ili'. ( in .ll 41 hi 

ttl l('\I\ I (-(7 . h\ , .1t there a
 
tii titt N
d 


htt Uttis NI",1130 ',',i~I lstuiilnrt
it 11 l rr 

iitt'Irilill] ) M b'I hI) ith lNo Q N W 

ckuttpitt d it) 7 h h '.7) it wit 20 k,. N hi 
Nlr;al ' I.'N in lt\, ((0.l0/4 N()., glriotb, 


t j : i.. Qi p iol ". It ,,''as 
t\ntimt at 20 I)AS nihd u rliQrd at 41) 

D ,-N..ainl ILitit ttL Irirl stittnilituil, at 5t 

I).\QSto 34.11!p iilrN(Q), I i ntl 
t mito ,'sN()t i.'tt,.,. I Lte ratll ie 

\%a', 1101 t ;tl1C\ ,N \ i ' 1) 
l ult i!il, klrt W t, 5 , a SitNkit N hIatllihan it t ka N i; . l ortIlp Ilnt N ipti ke dil-

, icIi ,tl ,tI ,ccultiirr,, rait gingre 
Sor1t (0 1 r lip i N I . a tn ri I ocil toI 7 k1 .N 
hI inI(%Ill1!51 (Iah+. I1 atrrt how ds,igrif-
tr it Itr-0.(I ) 'orrelitjlt iti yrield. Neither 
srh .nlicNRN Inr total NRA corl.Iited with 
lil I X iptikc. 

lrt.,n1telrrlaed Cmu('\ri- Inoculated 

4.02 
4.92 
5.13 

0.019 

0.14 
0.21 

3.45 
3.31 
3.58 

+0.210 x0.015 ±0.141 

12 14 

(P. 0.01) amongcnltivars(li able 10). Ingeneral, 
the imuproved cultivars yielded better thalln the 
local 'illtiv'ars, pajrtl, due to a higher harvest 
irdc.\ in tie impirovd eunlivars. Although tolal 
NR did notdierr on t hr:.:Icltiv rs.'spcific 
Ni\RA in levae ard stuts dlid. Illr'.esr, the spe
cilie N RA N\a.,not coi related \%itltrain yield or 
1A0 1"."I 

Grain and Food Quality 
)ehulling Qualilv 

Fati ;iad! c,nrplitness of lehulling are impor
taunt a:pect+.' .rai n quality for pearl millet used 
in li,)d products winch rcrlliredulliug(rerno
val o! t lie! c prir tr ood preparation. At icoat) 
ounKS ot ;Ictors may irflrLrCeCrehutllingqualrur 
it. irl, i ing ,Iraini shape (Annual Report 1986. 

pp 92rWe)and prlin Ihrtl.ss (Annual Report 
1985, pp. 10)5-100). \V, crried oti ad!itioialistrldics Of dChurllil1t: lualir\, iii three" cullisal'S, 

1akiivbad (sMft grain), SA) 448 (hard grain), 
nil I('N \-I ( W(-('751 fhard grin), orirparing 

r1'l1 IllirgrlrLalityiirnd tie relative ablurdfriCC of 
five CrIdosper-1n pr rti solulhility fraCtioi,. We 
dehulled grains of e:cvh cuhivar by the trirdi
tiOral, hand-pour dril- fletht,i, arid with bIah 

,I d tiln( oi and )NI. t Ii, ri "il nilutlv pearliig tIin, nrtial abrasive d huilling de',,i

http:Ihrtl.ss


l''ur/ Mil/h' 97 

Table 10. Mean grain yield, total plal biomass, total plan( N uptak, harvest index, mean specific 
nitrate reduclase activity (NIZA) illleaves and stem tissues, and total NRA per plat of pearl millet 
cuitivars, ICRISAT ('enter, rainy season I9871. 

Spetciic N R,,\2 

(ioin Iul l itni panl I Iool No.,t illtn t r(.t ) ,Ioital NRIA.2 
",cl bo ,,, N",itpakc idc " (i mol NO,

('il\i t hall (I11l11) (k,,ha C( i I.Cal St c, plan th-') 

It '\II -151 4.) 9.1 1(P .14 3o 1o 346
 
IAlI('tIU 3.4 VA 
 1(3 38 2x 16 342 

3.4 8.5 95 40 42 22 384
 
l ( 3.3 8 6 103 39 34 22 362
 

0It111l I0 3.3 6.8 85 48 40 26 370
 
1 1 It), 3,1 7.6 86 41 36 31 
 332
 
I '\I I \V'-(-75) 3.1 7.3 96 42 36 24 288
 
I( '6 3.1 7.5 86 41 40 20 372
 

)2-C( 3.0 7.4 85 41 34 25 378
 
1 I( -. 2.9 85
C,, 7.8 38 42 29 370 
N.I04 2.9 6.8 80 43 44 24 336
 
ItzllL-apul;t 2.7 88 36
local 7.5 40 22 372 

.ldhpur local 2.6 6.7 82 39 38 22 354
 
(GA\! 73 2.6 7.0 86 37 27 26 252
 
MN.onpiiri local z.5 8.5 69 30 37 22 372
 
RCll 2 2.5 7.1 89 35 33 22 298
 
ISI 2.4 5.9 
 74 41 34 24 298 

s : 0.13 ±0.28 ±4.6 ±0.8 ±1.7 ±1.4 ±23 

Mean 3.0 7.6 88 40 36 23 342 

(1,(',) 12 II 15 0 34 40 38 

I):tta mean, of four rcplicmtiolh gro, i) ki.N ha Net plot area harvested 21i iarc n with 20 and 
2. \",duscare mcan. of four plant, satpled htor cach plot at '11.30, 401,and 50 AS.A\ciige of othInitrogn treattintcrt. 

diItiltbtin int lc 
foll,,, in:. tnlfcmtactiens,',rn prottin alb- significantlyIloer fraction I ICottent inl both the 
(cit!.ilflotlin (r',ction I). prolanlit,, tlractit)i whole grain and tlicdchlll cgiraliI, rcardless ol 

Il). ;.,>>-linLc, plo lin (ll .'ir 111), ltel- the method 011dehutllt. ( l',l-:1IcII). I here werC 
i', tclaeto PI-) lld ittl1lin-lihkc tircutll V), onlyk tinio' tTlu,.ec,, itat(t ctitvar, lot tl:c 

cc., CI A I )i )).and N!tntcdI 'whole grain (but not in the dchnllcd grait)and a 

ih:tlld
il hoth dchnlll tin. other thltc ,ld.,petam niei' tl,01non. This 
Rc \e(d)chillcd erait,n ,,t;ier in SA) study,ttc-t,, that h l it aMin ,coitcnt rmy he 

-1(I aM I('ISV I )\,('- (75) that in l-akiabad factor it the hittrdnc,s if grlit and thius in 
+,;all I withstttnd loss illthe dcli llittztlicc d hnllit!,i. procedUel,+ [able Ill. thelr thili! y to 
Ilhctt,.ct ritlIcrcttc,, it 1ti!ie1v ctltiar; lot+ ',11ccss. IHowever. studies with Illol c cultivars
cotnit .s (d both I ;ndt pro- in qualities ate required tomractitil lction 1 cityritt. dchullit-

tens, IV ia,ahbad had al hildlht ;tciion I it the confirmtit hes: 'nsc at i.,,. 

http:tTlu,.ec
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Table 11. Nitrogen distribution io whole and deliled graimis of three pearl millet cultivars, IRiSAT 
Center 1986. 

S)elnlled 

Method of reCcovery\ P'rotein .;thhctil~cllato+I7)IrorSoluble 	 nitignfractions 

Cutiti ar 	 dehulliihg (7) ((7) 1 II 11I 1V V 

Fakiayabad 	 V,(2 2.2 29.6 39.7 2.! 6.7 I3,S 
I'Ni 68.8 2.0 14.2 29.o 1.8 2.8 11.7 
1I3 76.5 10.4 17.1 34.8 2.5 2.9 13.1 
FA1)ID 77.1 12.1 18.7 12A 1.5 4.1 11.2 

SAD 448 	 W(G 3.6 23.1 40.6 1.8 5.5 11.4 
IM 71.7 3.6 13.6 34.5 2.1 2.7 11.8 
IP 89.5 12.8 17.0 44.4 3.0 2.9 13.1 
'IAD) 88.3 12.7 18.8 1-1. 1. 5.3 I1.1 

ItMV I WG 14.0 25.1 45.9 1.8 5.6 15.5 
(\VC-C75) TM 75.3 14.0 13.4 30.6 1.7 3.1 12.7 

1311 86.8 13.7 15.) 43.1 2.3 3.0 13.2 
TA 1)1) 86.2 13.! 17,.x .43.9 1.6 5.6 12.4 

SE (analysis) ±0.31 ±1 .40 +1 .,0 '0. 1 ±0.40 ±0.35 

I.Fraciitins: I z alhunin lobulin; 11 Ill --linked prolilinl,,;glut lins; V: prolamins; clr IV :- = glmnclin, like. 
2. W\i z Whole grain. 
3. = Nit appicablc.
 
.1. IN I iaditional
 
5. Iip= Iltile, pi';,I . 

z ilCliiil6. lA., 1,1111 \t ',u.t' ]chitillt I)en ie. 

1illil"i0
0iiaulith 

Ihc p ilL'c;'c=i,'c di'rhuliitiill L onitcrlpcarl 

InciCI itil ,riedlilcritr',cd Itr i a fotd pri-
duct. i,coin idt'ic d InIIlt r inl ii cii'm'nii hc i 

le.xiiil' of tllcc prolit. I L o ohiill 

ilo1'iliat i;, Ill) Ill(' kil ' lc il biiii' Ce\ill;l 

iClll'i ilCli! lii \;!iitl, 

icd pirliicic ,i/c ti 

Celhcicd olift icr ;ili 
sCMl i! lL d iiul,,. 

hou rlillicilill' 

lI ! 1)i(111 ,.\\eC lull-

bniii In ll ,ti ,illlplc, 


Sii'e;U ilse'i l millipin 

,.rtii ,' Id lor/1t hiii 
piqTider u',ui i I<.:,,ll;,viii di, , "lo ti!> 

pitiiL' <i.'. ': .2i.7" ) il Llie ip l t'ilit~tl till a 
•5-ll ,ilsie,11.: 5,1.71: lll i ,iiAlt. [ , Ol-ui 
,it_\ able I I li)i: I I, lli L' illld 'W 0)'llt'i .,,sedLi 	 p~~~r)"cidll lhlualil 

lo! .' ill i!( i hick pitlIIdgc) had a,tiil'. tilitl'r 
distriiltiitit Il flow. use tior 'oll. co .s. 

,aii]-ct ket1 pioilicItlla< s l-allllllt, prior i 

cooking. 35.91" of particles wcrc retained on a 
45-tliesh siCeV and on1IN 29.77 palssed thi'ough a 
100-mesh sicvc. Neail\ I(10C of .: sa mple of 

i se Qit, of p arl nifllci (:li.e )u,sed for imIk

.li[l,'I/'"(a poll idgc-li kc product) or do ,oid, 

dlt'l.iaicc-likc prOdtic)collccted rom'Ilnsti
till d' t(I ,S wasch loLi- ,AiHnentiiirc e tlic,:1. 

rIc ili'd oin ai 20-mecll sicv. , or' fine grits 
.,tf/ ) ulsed trl Inl.ini' M/A,.tt .SCOUS., etc., 

(iN. '\u, it'eilidol a 20 itw[.h sieve and 30() 
oi a dl0-ine.dh sie_.\e.Particle Silc distribution wifl 
ihits ht' tusCltl illCv;tlltatine ,he suitaibility of, 
Cllli:\%l and cxpcmii al forIt miillit,,methods 
\ai.l'iiill.loudil Ise'sinlWet_, Afrlica. 

est 

\W_ pirepaed sevtal traditional foods that are 
comn-100 in Niger anl Mialt, with the hClp of 

http:dl0-ine.dh
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Table 12. Particle size distribution of pearl millet flours and grits collected in Niger and Senegal, 1986. 

Retention ((7) on different-siued sieves (mesh size) 

Fhor grits 20 45 00 80 100 100 

lOu ti l li,'r 0.13 (0.01)" 26.7 i0.61) I .l (-0.23) .0 (±0.26) 1.9 (-t.1 I) 54.7 (±031)
[(our to'r C,. Col,'., 15.4 10.93) 3,.. (1I .(,) 8.4 (W .33) 7.1 (!0,44) 2.4 (±0.06) 29.4 (±0.39)
(,gra nutated 

.13list (coarse grits) 99.2 (±0.15) 4
 

Smix.l\ (fine giits)3 68.7 !-0.90) 3(.0 ('0.7(:) 1.3 (±0.20)
 

Sl'e5;I CUlIlcct,.. in Nieu 

IIgillv, ill palelllhete_, arc ,llnald cllnK ( k).
 
3.'aliple Collected ill SCI)C~al,
 

4. F nire .!rits samiples iraicimed mi th al mr imesh siewes. 

scientists from these Countries. The food samples may have been modified dtC to the prep:tration 
VrC -oce,,scd and an a\ed for chemical Coin- or cooking method. 
positinll, ailinfo acid Colflpositiol, and ill vitro In contrast, there was no loss of lVP1)) in 
protcin di'Csbilitv ( IV PI)) (Table !3). )rotcin Cither tih1rn M'li (acidic p:epartito) or in toti 
Contcl' (on a perccntainc sanllple basis) was from India. conlpacd t()tie IV P1) otela floor 
,lihloly hi hr h scrlor''II the t"ootls compared and whole ,rain. 'huI tihe1 tlle;.d of prepjara
to till' four, 1, was (he COt'llt "01'seVrCl tion tile inethod of cooking) mayam11inot1 (particularly 
acids. lroMeM digestibilitv (1\ 1)) w as iedtced have inlportntetlects (il the hlitirnate !ltri
(orrsidCrahl\ in c' t.8 co.S, and to frorn Niger tional qLuIrlitV of the grains as used by the 
(alkalinc prepaation) ,as Cnldospermn proteins consumer. 

lable 13. Composition and in vitro protein digestibility(IVPI)) of pearl millet B.) 104 grain, flour, and 
foods prepared from them, ICRISAT Center, 1986. 

Iroteill Fat Ash Starch Sugars Amylose Fiber IVI1) 
FHOur" food (I;) (; ) (C;7) (11) ((7) ((7) (( ) (Cj) 

Whole grain for (10.3 6.5 1.8 67.3 1.9 31.2 1.4 85 
l)lulled grain fHour 9.1 5.2 1.4 72.7 1.1 35.2 0.8 84 
Iura (tlncookcd)' 9.9 4.0 1.1 70.9 2.1 29.0 0.9 58 
Iirt,(cooked)1 9.5 5.4 1.1 71.1 1.3 31.2 0.9 51 
Thi (Niger)' 9.8 3.5 1.4 67.5 0.5 32.9 0.8 74 
17 ('Mali)' 9.5 3.7 1.5 67.1 1.0 32.9 0.8 92 
C-ous co.s' 10.0 5.6 1.5 70.4 1.2 34.5 0.7 67 
Roti 10.7 5.4 - 70.3 1.9 - 1.3 84 

SE (analysis) .i0.20 ±0.36 ±0.53 ±0.55 ±0.19 ±0.80 t0.09 ±5.1 

I. Prepared from dCiulled grain fhtr. 
2. Prepared from whole grain 1lou r. 
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Plant Improvement: 

ICRISAT Center 

Gelelnic )iversification 

We initiatedI rcsari,. in three main areas: 
irllclpclnt o poplilitors wvith .specific trails: 
sclctioll and iniprincrllclit of landracs and 

rllaor eric c\,uli:iorrm. I his inure stratficm 
ICr(aIch hi been ii iild Co'ss ibleC by reducirie thIe 
cilll:"is io bicedirre open] - polliii;itcdt svttlillic 
alricic,s.anther 

( reation lo t'Ne lPopul:itiois 

aeicc;nlin, hIlrd-:isecr populations, with 
,arlicnif:ir Irils omcoribnatlrsl ol traits, which 
to rit cxistl it ptc"Cll iilthe compwites i ourtll 

pt llaliml imlrpro\ clwitllp I ,;iitl,. pop-
nlitli illipr\cile sd,. can rtili/C,at ucl noilhwwe 
v,idC rallc tdc aItli a inc llieg land-rr liaii il.i rli d 
IicC,, inbred linle':,.and i -i lliia:tf \li-aidcle i 
cti s.\e \\ ill Lcd i .olenlic, ollrnlltlCsc rop rfa-
toi, 1ir1tto r i is,>, i n PIi pl)Ul:tti0inii-
provertlllirerit ,iect (%x\ icllili',, es irornlir ilfyl 
clitc rir s l'nitchrelhan lrr t>ebrlad-bascd 

polilation). I ( a lcss rcicl. \\C \will use tire 
p)putp ierelliien i c iiii ll1poll lll aidI alle-
strile breevd irr Iproiccts. We ir,be illiil l by 
crc;tlils 1' runIt 1ions: 

* 	 High Tillering luInitiin 88 (Hii811 P 88). 

We ,elected iliicrititiriI.§iitreid linesrr r 
with ortsta ri illiik-rin., cp: cit) ard good 
agro n(ill ic perIunrlorilicc riim oulr pollinator 
collectiern aid tire 19 8.1bri. dcr physio!ogist 
TirFSCIrs. \We willselc't ir IIris potl:iiiori for 
high tillcrirrri, carlincss., andi hiihli yield. Our 
ob1jictisC is Itoploiice ; ipplaitior thatt 
combines high yield 'it hila trinrV caircity 
that is higher thii that presently rtnd in elite 
natelrial. 

Large Grain Popallatrion 87 (1LaGra P 87). 
We made this pollatiato by ranidom matiilg 

100 half-sib families frim particles selectednfrom the third random mating of the Large-

Seeded Gene Pool (I.SW 1)). l-his gene pool 
ha"t all AricrLn larliraces as parents. We 

ill use pioLeriies with good grarin si/.c and 
rcsist;rtlnc to (Ily l-inrt his popula( vild,:\e 
tin tio i~r-llo\, ri irrposites.Iced inttfh 

Large GrainI oplliation 88 (LaGraP 88). 
We Will intlllrlia slcted hIll-l'-SifaInliliCs
 

1 ,Iol fle ISG(1 larrec-sccdtl Slines from 
bth the ritcdI('TI) 820311Cpll-poliilcl i v 
and th idCCtdC1;inl v . opo ite I .-tC), 

lines with very high cril lass. we 
arc aiiHiill, to flrther iiCirpovel see d Site whilst 
sellectinge for .yield, to)obtiain high-vielding 
laterial tihan ilndiiduial gral Ililassthat is 
higher thal that currcitlv ftind in llare
graiiined pealrl Inillct. 

0 illeCiirain Population 88 (W'iiGraP 88). 
We are iritroduicirig scvral sources of white 
grain into hiih-yieldirg, cail\', large-sceded 
latcriil. W e will rise this ieplliiat ior as at 
source of whitc-rIalied lilies, aind detcrnine 
if it is porssible 1to obtiin a high-yiCldirig, uiri
forlllv while-graiined population. 

e 	 African Popiulition 88 (AfPop 88). 
We are coil)bi ning prcviiuslv selected West
 
A lical iritilod rions into i single popiula
tiorn. lich will be illipr'cd for adaptation to 
Indiain corn litions. it should SCrVC isa source 
ofl late-flow!ring material, with high levels of 
resistance to dtavrv mildew. 

0 IAte Backup (In)mpnimit, (ILBC). 
This coimposite his been Made ill populaotr 
tion irri irovcrirent project ursing late-rnaturing 

Indiundi material and varieties fron Wcst Africa 
as pirrerts. We will coirip:ire tlheyield and 
agronorlic characteristics of AflPop 88 and 
LII(. aind tlrei merge therni in a l)roportion 
rlfting to their performance. 

0 	 High (rowith Rlate Population 88 (IiGroP 88). 
We are initiating this population by crossing 
veryvcl' landiaces and accessions of wild 



pearl millet 'ith an carly f.: population that 
has higeh bionlass produiciti and disea se 
rcsist.'.ncc. O 1 obccuti is (,) select for high 
growt Ih rle i.1 cl)ilv-n1 urini material, is i" 

NtritC ' ItiO tifillbillille hili %iCe it-Id e lrlilnesS, 

L and(race L a llaltiohi 

inIni iCo,\ 01 tht.e ;1 o.-ciC alAp~i~Ittot i' ltCdf10 
'It I i".. I 

no plic'1t1ilt bl i l ItIe it ll oi' ilcc e hodl: d 
-Ci il it 5 id iti t\ tf "< lt ii'S ill t i 

,,u 	 l l) C>,,; :a lld! cc ,l ,n k I i l Ih C 1i1) l kit ;[~. 

I 	 I!i( t' I 5 1 i l i I Ca t ,I ICs 0 111 
l, .l iii liL. Liad tl2l~ Hii lt li f theltt s it t"i ll!. 

\ti i tt tll l 

,ic. ai lack' Iline, ot nd]mllOn ll1 Ih citl llt tl iltL 
t)0f(ialti ili i snmethods:I.
 

0 ;;tIlIl ¢)I~C Ll:)ltdC ',lultfiilf- ol 111Cs, lItl Hi( '
0l 

%if imltiwl \\ a ait ll ni ln itioll strlc ill il t 
tIi isorlId Io Ii t e, ,,uIuod.iato 	-Ciia CIII is IIII(.I1 1 
<onIditliow ill lhe laccs, (d m iz,,in l .1 t =, ll - I 

Flccslild 

( c\,:ltl' lI io(ll 11lt0CI.'(111lcsIC Cpi,,<c uN>C',<'kC'l 

tol ill[l't) c ai lplaioto I<)dr,,u hi stres's i 

1"2iiionl 10) ,u.]iptatll to notrhern India.n 

Major (iene Eialualuon 

We iliialcl Adltlit., to ialuatl diflerent soures 

iAt muerali l rtils cotllioilcd b. llmtr genes: 
Ci i )wartitni: ect . \Wc ,vill cTsO>- und then back-

Clr0,>il!is l C InII d10t Iu ii es idettitied by,m i 

(Ill' (tir. tii2 inhtcd hu. IiNIPP85231, 
selemctd Itt it., c:riinc', , il dise s:e ris-

ltteCU. \\Iteli ILrl i.>)1.Clic iLe aireUN tiilotil 

we will i :,.!c t< i ., w etiulctiness ol I le 
zeitcs I-t till thC, t ltue. ild cotlIpare their 

inlheritlnce in a c0l111111)ti, -,,Inonically dC-
sira.ible backrlt lInd 


t
o 	 (lencs lor li tiim iJtui, . \Ac will also back-
cross dilterCtit oIfrce. \ hiie:-eriiICd Mllte-
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,'igure 8. i(RiSAT lantll Breeder reco'lrding~ ev,'thla

lHmln o"l Atie lllwhallln Illllrlace peal" Wn l' colh, v 

lion. I('IISAT Cutlter, dr) ,seasontl 191 7. 

rial identified in difterent breeding projects to 
CM P 85231 to siudy the inheritance of' tii 

trait. 
0 lriclotneless gcnc. 'We have comipleved the 

lirs Cr0SCSto illtttrOdu-n this gnee into i SVn
thetic varielts' nId two I,-it _s b,' backcross
iW "T intend to alssess its 11tCuitilil tll it 
11iAket gene in seed iittltiplicalon, and its 
Clccts on erltilityl.siltit .itd erot resistance, 
and slootfly susccptihilit . 

o 	 tIail (t(!) gene. We hve2C complCtCd I hC first 
cross, il i backcross brecditig program, to 
iitroduc the r, ene into lhrcc R-liues, 
ICNiM J 85410, It'NI P 854(01). and ICM ]P451. 

torhet.v,ic
2 gene is avi;laile in anhe not 

agrononically elite, down'y' mildew resistant 
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'. , t i i h tIi,iit !ie' e'I/lI~IitL-, 

riLc,,i.'tcttI <~I t (( ii !,.tcii 1c'thl c\1n the 

I x ~ i I IL I~ei~-~ik i (~ilai 	 ck , 11 I'N IjL\\Li t ,,, t ; ,. lill' 

ii hc 

t I\,.\1 i CI.C0 micd. I s i i l- silt , It 
the'x ,llicl\n th ,,. J l ii"',,,Nthl ) cl. 4Iitc 

-,\leilt i. :,. ic'i.+ c! \t 'ltli n xcl.h-o Ix ",Nt'illxeill 

i .'i ,i ls
Pt, ( l cwllpAl,ic. 

I 1 1ll. Ilitliii 

[,I i NI\1 I 

iie\, e -, '. c ci r-iLNLI listX I liet ,i,%,iccHI LW ; )Cxl Oeen trib 

ill MiiN llet .\(alt taitl l 
I) i'l 1t 6 6( Iahilc I-1). Ill11(111 

C;l,. tilec hi c, t-

!1<+ ,til x iitxl \%, ;i Cttii ,ll)Sie , \ iretyli. Ih 

()I, m c Wie%( 	 icldiiQ!, t)l)c'n + 

I 

' T i LI tii 0I 7, \\xi ('NIS 77)3 xhMli \\,LN 

fable 14. ( ornparnivte performannt, of composite ((I aind 
Peairl .\ ilh, Adaptation Trial (1PM AT), 1976-1987. 
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later Ilcdased lilr geecral Cultivation in lOdi. In 
6 o i! the 10) 

,'a'itics \%as higihcl 

N1J\;IIet ic , 
Ill .\l Iltiia( 't mti~ 

ilic tmean of the con)ipto,,itc 
thia tha;t II thc ,\titlhctic 

di~ lc'u; Im prulm c~t'. It M l+Ict 

111i1eV ,\ t t . tthi ,'NLx\,IILI \.li lilst t hetred 

ill th,. iiii;i t1iiii Ill 11) ()) h i\( i;mIk d \ Ill, hit 
ihe lia c t lmtitki e I) AN V \\('-( 75) Ivy 

\\e 

\;i)c1 

t : 

.1ic i 
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lI I i 


.ck'i 
"CliCi 

<,LIuiLtilhe itlni thi.,l c',uli thatt >,'ntthietj 
)1(LcI II I. i ! , ., L'II 'LII\C Il~~ I 1 01) 1! Iti 0 1 

t )I 	 ItI ( I . I I j [II I I tI I I NI t I I II I Ii- 1ItI w h cr l 

ill lt l 'lcllI ie;t ll. !'lII thilel ha 
,NI I-l)Oint iL l 1)(l 1 1liii,t , i,)i 2C 

11101 C A 11 I-fCto IrCcd ailatli 

;11 LI tilcid tot 
ltioan, \M ki Il l't 

llicd lne. 
n All i 

,it.,,,\

l- , ie i :11 tS~l 

i\ii'tCd,' tikL-Si CC if 
\lticlic %:1ictv 

Itilt IlL i t c til in \hl1ruIt.,clo
\\Cll hc cllccti\c il inliprol)n2 

1, !C\NNIll4,L t) Ii' ylIcetiL ill 
lL -iilliit tLICd ilitltunet 

it. Ili popUl i oll 1111I + cillcilt,iil 

I ect, ii iiH e tLdoli inltelitI 

itits'- i(dl thl i n( ,. 

dCri\cd 
i l 1ul r 

of tILL 

,yni lictic (S) varieties in the IniernationlI 

IBest 	 elllir 

No. of Maii . Id 
.entries (t ha 1) Riank (0 ha 1 ) 

IP .I\ H locations C ) C U S C S 

1970 26 5 3 2.02 1.72 7 9 2.17 2.12 
1977 
197 

29 
36 

5 
7 

1 
1 

1.72 
1.98 

1.59 
2,09 

3 
1 

14 
5 

1.83 
2.04 

1.59 
2.09 

1979 29 6 4 1.79 1.85 3 0 1.95 1.88 
1980 31 5 4 1.78 1.81 5 7 1.90 1.86 
1981 25 6 4 1.97 1,89 8 13 2.09 1.96 
1)9 3 19 5 6 :.92 1.96 I 5 2.11 2.03 

19)84 17 5 5 1.73 1.67 1 15 1.80 1.69 
1985 21 5 5 2 17 2.15 8 9 2.24 2.24 
19%; 14 5 2 2.27 2.18 7 14 2.37 2.18 

Mca n 24.7 54 3.5 1.93 1.89 5.7 9.7 2.05 1.9o 

I. I t., I tnot coidtieicd in 1982. 
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inrrre,, our ,etriti I~Won eretne arnd iUpmriirg has a higher individnui grinin siic thtan I J' 11, 
eilrnpo'ote>., aim %\C\\ ill "narr by ioriiiiurg tt iree and is higher-yieldlig tii n1 iS 

M~ixed Dw~irf Farl I)L( omIprnsite S8 (.N DFi 
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ir (%Aiait tippi Idisa , L'r. a ti.ee~ PHipt'" 2uisI p\sof I( tlii' nd M ll l'\ ,i (tall e ir , ss 

too1111t",~iI ''.;PnI)0IPi( i~o.Li Pt-d i~i~LsF\12I', W i. We i tt \((la d p ihu tm l IPiP IVY i)" il~tll cit 

P11 %li2 and' N iltp Nt';pLpui c IiP otpI itp th (nlc)(lits Wvlt't'd it ct il dtlitpl Iitttrlg 
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Ch' tPjClrss 


itt',ltlls c lii it ,:i, %v tiii, 


;lid C\CCeS C\ h lhvhrid, \kCIC the 

cinl ,il ic ithin 


, I t-li : 


\v, uil:!.-csttrii, .)itopf;ill stir..s. \We hi.cr 

i it I !I (- I II I i , I I It !'I1lie 1 lii 

[lh~lilt r11(1rll'oI('X\); I iHti, th,. I~n ,.-
n' .. m ,/,wc II .I1,, 11t t I ,. :%'ri,. . ill ic,(I hb; 

-, iil I ',.1t ianf () R - , \1", I11C' i st lI Il I llICk 
. 1 -,111c, lin e . k' MI. \', i tl ;%', l h e rcC~IC,,c tJ t ol 


,IT I'I II' It)NS,' ullh Utl in t<&5 CtlCliithis 

,t',s, t e hir lrcc tlitclialtil he' ahilit\l l i to 
C f lLISn an.,t Cliiitllit thisL ,'t in adAI)lCd, 

Jt! Iltt li tlkhl titc c:ictic hacktiMind. Ill tihC
 
,,ip in a "vr WH t.md net tnid\, of'cli!tv
',fl a 

Mtor.iin ni l irea-iSoI!iClliC ilh rids lIM dC Ol the 

Ie il-i .ceI nile-sIIii c lesIII I('I\ 1 (i,\A 

'11;d It'., \ Ss0()I to test ift eCcytoplasi ic rlle-

stcrilit\ s\s :lls o1 these two inale-sterile lilies 

arc indeed difilclCit. 

\VN CWtitiied %vorktof) oilher possi ie alte;-na--

tis to the A, ( IS systcm. including im ic-

si-rilit\ inducing cytoplansms lol) tile foiloss ing 

!i ltlp, ol lIlaterials: 


O' 	 atcTeiOlle C IIfCCt liltd (haila and Botls-
\ailia identified M the I(RISAI (unctic 
Ikt!ouilccs ;llit: 
pr,-ni sc,tf Sirict, .l twsst.5ci lIihll) I(NIV 
3.B11 \ iw and-1).t-llti as pircl .,,; 
a ndlt 

0~ ~ pc i -u k ,o t c t a l~ _t i t~ l I 

A1C 11I). 


(firt rclimilnary stu i's sug_,gesl that there aic 

i,0 uliOk)s()ill% two rlt01 0 vfto lsatiac llIak'-
,tcf ilit\ ">\s lts ill peail millet. Alis is1:1r I''ss 

ih;ilh tuestsen etopiasnisitlentiied sitaruinlihe 


litcratur . Ile tirstilthescincludc , ie 0 0C)i-1 

V i/'O/,tk oeiInd. 
I('NIA 'sN\ I)ui l otlhcim . In I ,i 

piusil and the 1'. 1 c1 ) , 01lt)lfiliii 
S s sverai 	 prmhiip 

iI 	 c\tl ilin . ,telililt is malllltiiied h\ I('flIt 1 
SitH)and NIS 500q411id lc jiti\.i resnred H\ 
i(NI I , nilid. I(i.. Ili the wc dlimi;l moup 

u tipl)I ,lli-. \\ il llC.i iicII A .\A\;ii thille 
c) tiploh f "\ 2 \., . . isisil( I) .. lll ill :,eiliiil\ 
nmaintli iiel b\ t( P> 5,1.l J alitd.i I(i-l, ut tcriiit\ 

is rcst red h \1.'-I 5 -11-I and I('.\Ili .1 (341). 
ItM."N, ; it713 inl lilhiii, ,rs lilt\ in il troiis 
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olfcytpflasnis, \hilc I NI P451 and 11i(II(V)i7151
 
rcslt c,rCif it\ if) 1h1t1. 1he lca Mi \ivI ,\\ uh ,
 
idC tii id v Cvt tT,\I lin, is t1,1 tie'ClrtuCiouS
i eC 

e .''[ .a;ti C' tt\ tiitteliets ill ltuci at CiiCS
 
lal ,;l , hia'.h, hin eodi i. We
tha eioplasll 

h-(I II \ \ l)ll hel he. it ,Ic, I.iticed a ker Is i 1112.
 

tjilsi) c,"1Iiiht , IIln I \ ciIIII I
,I,, a' ii\ Ct. l,.IIlI, IoCr 
c It,l alt, l,, i., ;a llnt~r., ol I~;Ii II\ Io\.t' I hIIlIIprc
v ,lv tho llOl,t it 1, ',I'll pos,,-,i c ttld i,. lrif\'thc(,
 

C/ t cp l;a s,llic tha ' c (,1 p Cilli ml l er hn l i ds . W e
 

lt'\\ il ;i et, tl ilili.ti- haht \ ill cnilbh t+ us to
 
(list ii ft . t il e vIo dilcic' ctiiv oplasish 


ilncriLups.
 

Brdiri g for reduce d phlperitd Veniitkil. 
N l CIltetiC Ial Cri;ts 0I IuIca I cVIIr',,' 	 OriIiLi ll )\,, cI 

too late ildelrth lIcl :1il 0i at [Ith ii Indiiai;i, liC 


locai tiotns , ;,k (i) At cli;hYi i',i sIc to SelecCt tt
 
Carl\ fltm',c' ritli Il li hcri i nl i!nd
t, halilpert.etl 
toit eCfloli- l til tI iii;tle ak iid .\ficall
 

orii1 i1, iltjlc-.t,'!I Ic IInIlesI thisI 1c!!it m. InI ii
 
!.ittellip It M' C iCollc ,ol') %\(. hil%,c
pii,. :n 


nitiateti SeC 5(1 I, Ii>
lliil)'z ,WiCCid f)piili 

aind [ pit ,i ii i allt Ciil I,.'",Ctitld da\--

Ieneill i5-h d.I i ln ti.e Iails sc.t-Oil 'i l1 Ri
 
SAl (elieli. In n ii csd area of nhi!it iakl
 
extended dieneth 51 nuC L,
,CICd i.-liin 


plants ,ldti itlu.cuiie, inihrcedinv miateials i, .
 
in t hC'lile,i hllS ritd-scfsitiv c iltiillain cil
he iqhoi

li n e' :';5 .R i n th e ir I~a lC ll alt1C. I h i S Ilr o c dcllC'
 

sih ould ',lhom w,.to li miin te im il ialsthat ;ire
 
Cc'x , sc -it\ d c l alvct i t 1li \ %ciin ll u d ern ol l thc l
 

Indian Ciditiois toltti atieli ii to seleet for 
ics, ii.ilh leliiilh: lails .
 

W e ,ill also heitnsile Iills 1CChniLuH
'


tot l steil 
tlIhc ciee r 	 (foroZ'lc ilittl~lpciOd-insCnii\'il\ 

divlen _,is,, up ito IU I1 into the -cliocti tack

0iitliil:,l', titfl 51l eldc', .stalltklll -r 
nmitiinc.r lilies ,nrichis 8 l B, W kt2l.and I( AM 

7If(). NJlc-stol ilc lines haseid illes- photo
teriti-seiiice ders itises ft)hes thlree t-liiHes 
should hin(- id\,tailalcs lfto hotlil hi',irid breed

-llIi seed lp odtt ionl. S, ih malC
sietrufe linCS ctld he Citscfd ',,ithii i toader 
aii-laiv ot p(>llinlatlt~ i 11,ti l-r rcailicr, [lick well., 

ald isa n illpiorVeCd prthahilitv ofpltetl iltcing 
llCdiuill-iliiattIiit) tlihbrids comnpalCd t) the three 
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e.\icting l,tte lines. In tetnm of hrid seed pro-
ducio, il iCelIcltitL it I o\crng titlie (d I 
niale-.'Ierile i.e and(] the pollinlatoir should b,' 
ouch hL-e, itix, tlie eaol and latitude in 
,,liiCit scet piiflulion is it'itillijted anti tlie'-
1tie itIlh a',ier too it ie. li, coIhl etie 
Ilw risks a,,sociated \,iil ,ltip'icatoti it i. 

I1 hi.I , Ito ,il gLttillt .ic reduitieit, et 'l ,,antI 

Ilie pilt tlii it - t l o(itmd%'.c ic\\ i\ hrid, killing 

10 1 cu h I; rt I-li t.'M , I)ti ,Ait0t dili.titiCs ill
,rIi 
l h t+ Hi ', .L (Il 1 dI CI1I1 >M)lt. 

Breeding POllimtor, (IR-l.ines) 

In lit I-,,7 dot, and lain ,easotis. we evalated 

tlilt7 actit.cittis in th po!'inatoreaflection. 


)lt o tlee. 'e ittaiiled (P) as i \ cnries 

imainlv wti te ba is fddtt\(Iit\ tmildev resistance,
 
mitd sat is act ,c >,eel a . Ile
,ei l 5itlt dtlpilnicle 


tipr,oii;ttc dlistrilutii, ,n I u (
ime loii l)x'V-
k'il! ill R I( I., ( u t r undcl hi uh-tultilitv 

(tIiilitiits,int iit -r aoil .t ,, ], > dat ,, 

t, t. t.'enii-t- l\ Aitn 0d da§3 I lieA.It, la 

Ic ititIIIt , IItI Il oIt" I,ti i iiIi. i 

\\Il, 1leie1,. I taa i 'ii, -t .+
t eeii 
L-11 k , il- h lc'.trt'll] t itI' Ittjit lltl 

l.u. Isi" t ilt :tAl fatIt tit im p(I atod,,,t ! d upi 
'11,111CL Il+,tHIO, + ', IM t d l nge..a.)EMI t I e.,+c 

Andt 2', c tuiil.' l tlii ilOWh.isthe hItt 
pi t t it, tit t(11 ()''dIietI d,..;tto I 

i I. 
h it,l1\di Ca,,il. %,X et, Aluut._d 7f00 iiibred 

iin - (1 ,i i .iuiialetiit pedigrcscitidii 
dl ,Cd iiriti R'. ;iti 1" . II iti,,s. I( R iAl 
etimiptsits 31 I (. M(.' N.N, :Aluv ( t\ptilit-

Nl(tI. I) I IV( tnd SR( aal tnt -te, itt 
Indi:1nii l\ t(An 11O1, illIhl I'tt, tl i , -hue 
N tlisCl.-I (1f1l 1 . -II. ie' \kt'r,. eIrtt'ill h ttit 
iuttiuil,ti ititlat.\i, u i,. dLl\ cliLth,,Atid tn 
t15-1i i itvh 

\\ Ie i in,> i ptt ,i iimg cud it ,I ,ecli uilci-
, t\ll m. , i , .,_, I , w m,' ulin , i l , ',; i l l t l , . i h Itl 

,,,lt ,t. iiult ,., i A t u utimist ',.e ini sCrecit 
tet. \lhe IIhi',L tjiCCtitu', 2'i lilles, it'niaiiCd ItMi 
ptfll , ttt 1I . - 2 "hi'h ail had 9 von-
tro enltriei (itiCMuditn the t.v, i tiltC\\lIs-
tt libie ctntrti NlIlt 3). Voc grc' 'R IN-2 in 

the rainy season ol 1987 ,it I('RISAT ('enter (in 
~l nornal and exttledCd daVle.ngttt), Ii ,ar.1oth1 

and lthavanisaar, and in the1. Nlrc, Aran
'ahad, and IRlISI.Vl ('nter do\nv nildew 
itiu-Ce. and in the (RISAI ('Centel smut 
iiISe \'. We teCeet'd liles taller than 2 In at 
cithie Ilis:ar o ill Ilie c tcuidcd da' c l h'lt 
IiilsCrV. aiAd linue, %% to) 5(P ,hith dil.'ckd ill til. 
flnm crinl iv rl tlaiil M day"t.-h lvet ,.ll I( 'k I-
SA l (u ntel and I iatr. I iic's tihat h;id ,+h''% u 
I nihlh: all ;I ll \ 'l l a;I ll l lt il l m e. I c a . f~ l itn v () 

thanl 201i in tile WI( SI,. I (. ,litc.l "rout n, ,,cry, 

('eiler were also elimiiatei. Wc pitottitd 27 
lintes t PiRI N-3. vihere tilet and their top
cr;Sse', to0 aIt--lil: eoit., t el(-.\ill he ctaLutatCd. 
Wc rc~iin,_d .tt lies (Ir further testing in 
'RIIN-2 o) I'8S. 

il.,,hrid Testing 

We evaluated 3-entri: in the Pearl M illet 

.,\dvan,,,dd I d Irial I'M A I-IT) in tle 1987Frid 

II SC:it/. ()1 tet ntrisset..C, C'11 

Icitiland had milorcthain If05 of ilie ttial ricai
 
'ield across ICR ISA I (uter h i t iw cr

alVc th U \we'l' htth 

V ahi 
tilit,. Iiha\ tinisagiar. ontl Ilisar. )f tfhcs seven 
hy'brid", (I('M II 851 IX. IC.M'II () 30 I '.III 

N7123 (.I ii 871121. I1,111 8731. (A11 
S7t )29, aund iei -teril, line,h AI If 87()18 h tna 
atc 8;43.\ (I lith ud). 852A LI ii b(tid). 833A (2 

livbiids) and 'WA (3 1lhe tiguest
vichlfinnymiic-st,.eruleIenii. I( NIIl 8 118 litei 
,-13 \). yielded 1 ,;Ii te 'rain thin the highcst
ildi cotirol hV hid. M Il I 1(1. 

We Ctuidutd al trial tu tline tliti' hbrid
 
I ablel 15) it tN O l,.'ittinlis It test ii current
 
1ltt ids outliltl thtos. that , t. reieuiscf ill th,
'lC 
ft)tti'. ttr '.7t',. lie tc rccntly released 

tif, NI II Ita. I( , I 451.I tuu I( -123.8n11 18 1 
ititn,icIdId ttec rCt% hyvhritf,,Il i ,itst. I0Ul>;t' 

tL.I H" ,-lHKl5 W K)'and. 115/3 A i nt h u h i u h -y~ in g 

t ntioulet IliSa Il ICRISA Itvi at . ,w\ ,.e . at 
(el- .(iwherl the Vih.t ,as, lt, u,' these Ilvbtids, 

tald on etvi' tieblti thi sat grin yicld ts the 
ie'viutitslv released livlrds. We also had thtee 
niew utnrclcistio htvhrids ill the trial (ICA1-II 
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Table 15. Summary' of performance of three groups of pearl millet hyl)ritis; recentlY released, new, and 
earlier-releli,,d hybrids, at IC(RI SAT (enter (W[C)and lisar (IlSR),rainy stason I1987. 

(fiait vielij (t 11. 1) 

GrOup itC I(R Mlea 

16<cIcIw\ !Ck,etlc\hritC'd 325 4.1CC 3.253.53 
Ne.\ h\ Ciii -

Ci. -r 'It',tse hybr-id' 
3.17 
3.32 

4J)C 
3.40 

3.59 
3.30 

±-- 10.280.10 ±0.1 5 

La it 3.25 3.79 3.52 

)1(AV 8 19 1 

. 
2 C( 5,tlC , NI111 anld PIt5002. 
I IM I -I.' I 1\C423., atnd MCI11 110. 

1118 8,4122, 
; IllC04,CHKsboC,anid 1ll 3. 

854C. (CN11 84122, and I'It 5002), but thnev 
tkiled to ont\'iCld the rceCntly irle Cd iC\'~hiids, 

Vc ass'sscd 1,Cilit Ce'storItioll illh 19S7 
alinV sCa-sl1. hastd (i: pollcll shcd :ad ',Clted 
,d M1 III It\ ids of polliilator"osed Co5,1 .
 

CICle uulet-'.t_'i~' he. 1( 'Al\ 7()C I('IA 
S+CC' .\,c\ tCoplailC. and 'iA S(801 ( t,/a 

+.)JfiP CC tipla h\' IKttil i-torei). Ih oll 

I 1 iqt1 ts1 oCI't0L11\ L.\t~j~kI.t\ we%.I fo01 1iid C0 

1io of tic A,h<, il alill ht) , C\ t ploisIi1. 1ni:S.if 

tieL V C t l\ isP, 'ed inI blreeit) itle-stcr:'e 

ule,. l('IS\ 1 polhiiol, ,.hi, in general, lCs-

torr ftiriltv\. 

Yield Physiology Studies 

O)warfing (Geie Effects 

WVC Co1 11til d ou sCtlt}of the (flccts of the 
dls\a ((inc ill millct (IWR ISAI,.) ccitt perl
.\nnIItill Retpolt 915. pp. 117-119) by n iitg 

and tcet>l io implrs of i'omnlie tall alwari l 
h.\lrids. tlj\o %s oul pairsId sI used oC of iso-
culi tall \(15 i iinbred 1h1ec, &. pollinators on 

Iittc it)50 1 
1lo%\;tring (fd) I CI 12t (1i1) 

imeicto 
tiiatlitv\ (d) 

IC I IR (W I(, W I I l8, 

47 
49 
45 

410 
54 
4S 

1.59 
1.63 

2.5 
2.02 
2.32 

70 
8.3 
77 

72 
78 
70 

O.3 ±0.7 ±0.02 !0.05 ±0.3 ±0.9 

47 50 I.68 2.30 81 73 

3 3 6 1 2 

four dwarf male-stcrile lines. As the dwarfing 
cne is recesive, the dwarf line of each il 

produced a dwlI (dtI Ihybrid, while the tlullId , 


lin1e p)roLtuc thle tll (1), d) COtltCleIat. 
WC 'iCld Csted these 6 ptlir> of Ih\'hrids inthe 

ii\ seIaIisons of I)5, 916(, tnd 197 at I(1R1
.AL (CC. "S"e ,artitiloned the &eloCotYpi \ari
atioui into th, Varliatitol due to tit e ec ts of, 

leight, pollinatrt. :a1d illh-scrile line ,nd Ctie 

V'ilrio ll"ittteracttoll htss,,ca thcse offectts (Iablu 
16). lis, alloed\cd c&,pziisoti of' the itpor

lance of thedwrfin lc,eulattise: to the iMtPlo
lance oftfict lw:plae s d._tcrillitngi grlil yield,tiill 
its coLtonI ts.I-,1ia>s, attln hr;tl\'st index. 

I le dafn1 hd a s IiCficnIt effect onl 

gri n yidl,reeseittiig 20'1 of the ge'not.11ic 
Variatiolto iVld ( k(ablC 16). Iluhedwarfs iclded 
91,1 lcs thCite tal lhich was dutie. entirelv to a 
sipliii tCIaitl v smta1llcr grainl Si/L' ilttIhCd' tl!,S 
(7.51 vs. 111nL 1). '..8.40 grain ., .xpc.,e the 
dlwirtling Cle accouinted tr thc ittajolri oflthc 
variation in iht. and nealy halfofthe \aria

tiln in b i atlthg)lh on harvest.t'tPS, its effect 
indc, ,as touch siiliCr (38.7"(' 'r tile dwarls 

ss. 36.8('(' for the talls). 



Tahle 1 (ontribution of tile diarfing gene in Ioalagenotvpe ,,riatfio(1,,t§ en otytpe sums ofsquares)
 
fol grain Iiel, yiei Components, and mrow h. Data are 
 from a so of 1o pairs of isogenic tall/dwarf
 
pear! nilt iiltrids. I(ISAI ('enter, rain seasons 1985, 1986, and 1987.
 

C Of)H ( ldll (11I IID
G) litill ',t). 11al\C.St 

tezietttmd i \i.'Hz : Il43'tIh d',
nl !,,, lt+, 


.\t ,l cfalic 3 6** 0.t'" .'* 20*** 31*,*
 
l(lli [titit .3 35** 274** 47-14 i0, l(** 23*** 
All ittiCthinl, 24 38* 7* * ** +

* I * 32* 

With the exception of lii'ght aidlhioniass, ing high and stable yield potential for use by the
 
paicnta( effects ilnterms of thMtracthon of the National Realch lP'rtnt. , (NRPs). \We em+


total genlotyjlic '. ariationl lot which thcv pIhaic rctorgiOal adaptation (Which iClUds -ood
 
CCo ted We Ch erCaf.er than tile CHiCls!elCC and Scedlinat, snrviVal. calt
ncll toet1,C.O illattll'it,,
 

d\.ar in!:: .,cne. lhw,. theive eneta to he an ade- and resistances to disae and inseet pests),
 
qtunate oplinutt bie lit h,htio,, \itli intcrcascd and :stahlc \ild potential.
pr 

\iele,elf tal to those: tltall h'.iid,, In tact t c 
 ha, three oe
 
intcr'action ,the_iih :i 


he bhreedite! proetia;n1 onit, 
h pal nat t t,',otn td h catld at ISC is ,espot.,ih'eo( breeding pearl
 

Io a tioi t i tIl ct t lt- : i t, millet snuitabll, tot tihe itll)(2 1 Sallialltione
pll tl. 

lo fi 'a i l l \w'i, car to, il l c , I , l. - ( I :0 r
I\ ,c a'tI t h a t o !I ( 3 ; 0 t alr i f l ) tt t , r t.t.d t
 

iii ,cit, its,.t (171, ,.21, 1. suizcetit-. tI at Kaitnhoin M ta ttifttt ,ooi) for the lratsitilt
 
,,ICC.i , natinoti, da, pokinatots I,tild h. /o11n. 70()-9t)(0 rtiniall).
 ' t ll (I / min annittal 

d'lccti il om\rcolitli!h t itp tlti 
, tt;ll .Athird 1nt locatcd at the IS( i- rc,+ponsll
 
".,ced. Ith,:
SUtb.s,.iieiit t I'. ll > letioi of (N alt ltt cool d;nlla crion tl liiopt acti\ iiir, iot ratit 

t"liioi t ,Li r itilllt -""it i tlin!sci
ivb i/ f) t siC't ina(M ilit iltte'i into hrliirl to titthr<.'ltioH it),,,:<d th,.2il (1tl-t.'rll ! ~. c i~ iuto 'ldllItHLIOW' ) ill h,.'hridS Itd,>, :., "iallClianl ;/OWe . he 

prtIIliC ,lIlhiid', v,ith a i ' t)ili titi!l s relie, otl t11L.t excc co p.ialtn:t Attd -,ll)olt L'extcndCd
01 -t1lA !. Ii> \v. ttrate d, ,wisifete h\,letseienti,;t- the NI ,s.()RS I()M i. and tlni iii 


!',ti'\;i;IattionIafnll !}& I\\all
po€llinatort, hl ~ Intcrttational k'hald ItmPlant (Gcl,..tic R.?csotilr
),-',(lithim+ lin 1h }, . ho
I.!, 111adc the,.m and lut>, ,.TS(lIHlN iR ). 

tt),, ol to
1,utI ;h 1,1uluttil i.,I , k I'elated 
Inca 1)h\ Iv it] a 1 0() I+Il i ,,.i (td '<.I".(). .
 

Genetic I)iversificaiion 
1,111111 111,p ',ovenI t : At IS(. .,alltualot and ntililation of genetic 

I IA,W, ( I diversity iestnt in parl millet and lPennsetul 

WRINA i Sahclian Center iolaCeunj, intle 1illofacCssions segreging 
progenics deri',cd f roitcroscs, aid elite brecd
ingematerial teccivef I;-om progratlts within the 

()llrtitti Q-li-,c viCtics regiot and froil ICRISA Center isit isto hiceed aialipted a niapor 
and de\ elop itipriied t_'ictic nttcrial cothin- activity. 
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MIorphological and iuine l)iversity 

ill P. el,cet
'i tar 

I hc ( )J, I )N1 icall cvait cd o\'li 10)0 acces-
,itus l I'. i ifhlt&C111 Lk-ihiccCd ill I N " in l311r-
kilna I,a ,,. MalIi. a vid N c. iiiin tlc [i S slson at 
I (.' (), xc \',llitoll- \ ci lo'orl'(c il till to 
Iciding. and .cacti , to discascs anid inscct, i, 
a(.ditint to 14 ioir hoolicl chairactrs. ()hcr-
,atiOlis illlictle Ilit laitc- itltin types \'ciC 
aoxtinl. itill that cntcrallv all actccxsiols sho\\cd 

p,oor xCcdli,', \,or and \icC susccptihlc to 

d ',\ !1\ ulidc\\ (I )\I. \cccsiolli ,Im \t:-(Ni. 


Fr) and Alr ,'lI,!dias, I \iali) \sCt ,.'XtrcnlcI 
411scctiil tomI t\ I licic \\Lcrc lit itlilcdi,' ' 
ttl ;ll ,tCC , 101> 111Ct i'"101a'tl i+. th.[++t) 

%\hcrcasacccssionx" t'olll thti lc.l> whcie pc.arli 


niilc is lnti\rated h iii s.t:divccaid
loc , .

for thcse intermccdiatc ltills. lhc acr c, ofi 


thc,,c intcnicdialc ,orns and laitc-nattiri, 

cccx,,itinx xill hc colifin cd in cxaluaotirls hat 

i hc ontit ,.ed next ., ii rtar tet. with collcc-


Maitnide in laturitii and (.'had 

Ihch )ReS I( tcIn h a ialnied pov-,
also 

lnolphi !1 in l2 ienius coding lort ight cri/viles 
in 4.3 a.cccssions oft lie wild m illet, . , i t.C,'C1.n. 
Ow coll_'Ict,_ud in I9N5 andi 1980 from Mali ard 
Ni'cr. IVtO 1tIll S tI tll. dlinlOilL .aI ro ,: 
Ci ,..crlo id Sc'"111(11 i). I, Silts Of tlcsc anal\'-
-c,. x;crc cotlihi,.cd with thosc otalicd ill t980 
+il ! ccx,:sinsO I I. rio/accuinand 74 ofl carl 

Inilllct. lriflcipal coullilon nt analysis and di!;-
ciimill ll ;anlai'sis collftirnicd the scparation of 
,ild ,tnd cltivatcd forils ,of pcarl millet (Fig. 1). 
Ilc \\'ild millet :iccc.siois hIroo Adiard('-, ifor.as 

'111d til Air mlunlains colstiutillc two isolatcs 
that arc clicticaliiv narroi , and tmost distant 
h0i11 cultixated millct, wi\hcilas other\ild millet 
;ccc,,ions trim Nali and Nicr alc vcrv similar 
io (;tel otloci-. W ild millets collected in tilc agri-

ctIIo1110 /olnjc'., (if Nicr ar ,lightlyh scr to cul 
ti',atcd millet than \vild millets collectc d l i tile 

patstrol ,oics of Nigcr. W tihin W est \frica culti-
\aitCd Carl'-ltllattlrill'I Il11 MarellilICts N ali 
clti;csi it x\ilid itlei.S bUt Ctlltixal.td latc-1tiuli-
i11 I lliI1-ts iarc as a \ l h I (-Ili-If ti cxtos om wild 
spi-ics. \, ostilts indcic te thait tile Cli/vie divcr-

t in tile \\lid millclt Nll li and Niger islo\\'cr 

tl1 tim divc1_uailv ht c\i,, il th1i,cilt.iicd] 
lillp .ci .t it .ill i of thc1 lxc cot l it's. 

,\il 'Ivsi f,I l t cI, \\0 cn/\ ocIl Ill, , i,; pro",1
grC'sN on recint c,,l.-ctihujs l1,dc ill ('had. \Nloti
latiat it.nd . ,c . 

G'ieralionr and ,]':IlIatioii of' Seg.e'Otinig 
Ii'r( Isie 

In tih ',tt1llcrln-11 Shclil 01/oncplogian. \\c 
L\ililitcd a rAii ' iitciai at di tcrU,,!1hc Cd 1 
cot lc\cx of inhrcc(liill. \V c \ alti:Lcd 7 l'is 
dcmricd froll cloxs',, in'sol\ y IC 1B' 812 (carhv 
: I old ltill) and illpioxctl loc;d \irict, tnd 

have' s+'kctcd "i\, I l i,' p. l a,~',hltu adti\; asIN1' 

lit)l . lt) F I-,i)Ojl lit ,: ", . l'inii C' "C, 
01 S,con 3 - II K-1f78 alncl inipro\cu ',1, :ll ic
ties cr . CxvAitltd to dcri\c imlpro\'d dwrfl 
phe'iot p. Wc sccitld 44 dwarf ilants ( 1.2 
ill iciplht) otitW22 mcdiull-tall phl ts (i.cie.ll 
1.2 t 1.5 il for lurtlicr inhrceding. \Vc c,.'il
 
natd 259 1- pogcliicx, dcrixcd rom I')? crtmscs
 
in,.tlving rcgionally adaptcd maitcrial. \Vc xtchcctd
 
553 pr'orlics for usc in tlw dcxci ptnml ofI 17
 
prelillianir, I lpci-p..l, illatcd S trici ,. , lxirctl,
 
ill h\'hrld hrccoitin. a" coi.s flor Idxxa stulitrcC 
lll .I ",. nll Ilot t,SihlIc ,L'ill r)tI l itll s..\
 
prcllllin,11 ,1 al!lal \,k illdlj Oi't thi I. .'m rCts ,
 

cntlrilitcd .3S'; o, thm ">. ,
I 'NINIcc 010,CHiCs
 
)clcctcd. I hc, p lcilt., ill orocl t.tml I ir collli

h11,tii iMC (CIV I (i )I tile Illcl, icscl ctcd).
 
IlKI' ,. Il ). 3 .1 IlI ,t7 Wi;) IlKNI\V ,Ku 1
 
IINIV 832). lx.\-iirtl. I I AVW,(
I. Soolina Ill, 
and INNIV . O!L.T, cach). I)(i 1. P3 Kolo, 
/ailfllS . ll (3.5, Illaddiand IKIMV catchi. 
lio1 %Nc Iid\C Cxmklkllt-'d 0.) I.: ;o I' puli i; liC.S 
all] lil ad' "scills l,' idiii m ;isIlli\i pwd 

,
ri,!/'ll hiiutll, ill tclo 1tl -, lnlcntl
 

ill \ li t\ilc\ hl ,l ll 1i1i Oc li il,111 ItlldLti. 
\\ lc x -;,,iCC;Cd ,!)7 kil', I blltlkx dc[ixcd 
Iroill thi cBis,, o .i I om .(* ) to dc\c Io) 
ai l:Iic\ clllliliiii ll! '1.'1 1,t1 calk Illiloli
it \ W'CIIt'C',ilil lcd ad art\,i lll*s SLii(( ll0 
253 _lliCS d1c'ri\,d 01i 'lol scs illS ositlc , 4 
1'I 117; alid N 1 I ( I I t )N1 p uilUx)..\,I IIc 
Was hi"l, "\c could sClcct till\ 'di illdiidlial 
plant, in il c ;,.-cd 01 thcsC,. ali , vilth 

http:i.cie.ll
http:Ctlltixal.td
http:cotlihi,.cd
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tie 89tt~l in ~heotpe eted ill tile sulncgat- varieties Croln NiL'enta anid seven from otheri 
ing propmi' e~v%iiei li e itterCaed in tile \Vesi .\ttiealt el~litnii. I he vrti, I'von .Njee 
l)WIIiiaItI\ S12ii'it arlld C%\*liaieil 10i; 1)M1reaetioil lia \ce L~ioud souirce' lot I )NI [re ,istattte while 

\\ete Wtil ciii t Vo"tin and\ teii \\ili ll tilt linll p (. ii~>e 'aeloaltielto ttsile 

ciivc li ,uill'. [ll 

I lc i I' Chali 'i/Cdee 

)O IC.(f i i :t W IS tIA 

P S)fti \indac'iA diii~tKcl 
13.1sz'Il.n It (tnit-ut elie 

and .NI I t0 recorded1) c,1 n 

011ll ilit miSCLd (I11" 100 

i!l~ii-Ki l lil it lcimll Ilo .\jten t A lca 

M lilt' id l Ilti i\C5tc l licfl§dw t 

t-H IeeeN>Is d ctille.ii.!\-il n'l a v s ld x 

Ill, tlat itanKlv (It: 
incldee 1\)0e' 

iNIii no[I iNII Ieo Ic 

i)add:ll 110W) 
mmliicii' a.s Ihlc~c ssec u.\HVicicY skit"CCIihle to 
DM)1I 51 ).Kis 

Ili iti I/ h,' .icjil1) pvl uat~tt Icrsses biet \veenl 
til-Nt~oI )ltiAtiiLieiui-Nen.Sijfl aid Cal! 

mitl on (phtotolleiil I(m55Nit~itive or- da 
hiilt ral) cciov c i il port ant !of illt rt'rc-

01l i(cf e 11-01 jlICIVk Iy'pesfromI~ wi ii~atCd 
hictii~e iil iheir photiperid setisitivity. IdetI-ti-
tIetit oa mpti orpaeite o iIe.1and selCC-
tiii e ititinteICl. W,: aill t0 seIlect piIgetlC~iCS ti 

Ct111hiie (IleitutIle ChlaaCtUisSNUCh as Iticul til)-

p atitiwli iciets entiteed tile Ill tilpat \C 

its :5ilittte and litijhimi titll-scitsoi cutiust 

nIItItSI CS~lti mi oIi a tess Lntoi ltll- caisoit 
i\1'N.,,iowiisupphiiledi by UK (ver 5501 acces-

Nitti Otuitijti I iti 5West :\hjiit coittiite. 
\tscre- estluattd (273 in 1986 and 29)1 in 19)87) at 
I-laioklia.' ltec tcce i.'uls we tetlvtall 

" ii I111) %%illthIitlaitd >limtt 30 etri ) paieiles. 

I lies tI mered Itroitlil kal SepiteIher to late 
)eticheil \\ CsheetedCL 38 aedeN1iOitis that fhsverl 

(tinl I.'is eptenther iw 10 ( )ethci re I NI-
II T. andi hal de"lilaI il) and1 iclia tl out11 

lit titi tettliotul lteeltte plit tin. t,o cietie 
lesS ~~ ~ ~ ~ ~~(Iseil\iithtnialattitinsalehati 

ciiiihtiirisitl c i (e-el )hIOMNi sisianee. 41 
Were%rii:se\ Clate iitsolviute Ik e in pr)Io'ed 

Brctplovcdil X'a ticas 1-l yla 

redig'Vridies 

Ili I lie 1, li(.,iututt 
I tli lpiraanI)2N~C S. 

NCiutsit C\ Aulioii , toi 

ede. Wev \icld tesietl 

season wo ic'omhincd 
lctedM ill tile 1986 raims 

liiiii I S, prlilitttut\ vali

these illif artl Milhlet 

lit i! \':iiie I I il (P\1 I it OaCIotIt0, (Cin]
a ia. and SadoK id :1Ila i Ilet Pi:1 mi natl 

\aii .Ie lial I'MlPV\! 
sislit i liii. I\l 
icld lianteild tout I l 

iialIitati Iill U)).O I I 
Uillie t!101 C\Aliutiill 

1N07a0 101 1 ha I iil: 

I :it ad Ris.ld ott 
uticlete andi c!ln 

ha i ito I7t lha I %i 

It li \\c seeeit d Ii\e 
in ilIC P'0 lNAVIl 

1V it ,i beIN 

5 tlutttI in lie Nacilille . \atr\l'tiledu clues 

1.I ; ')o I I I (i, 1. 

\"C coidnlitc a l'l\\'lV dlii tic ilti> Neat 
wthl cottintiioti. 1i lt III,- "lltiri Sait: cati 
atnd I / h)Uieiic tettu I In' l('-CPII 1iil 
55;tsscti t et location. and teli. t sar.mil

a heIC l iI iii CIiC 7 'en Moi eMat (i !7) 1 I (a 

12raititi Neld pettIof Ialcalii ili\ dulal local ion", 
) NI itidheite atnd Osuatl assessilts "t I. 

scleeted eitt- I'I IS 80313, I(NIV IS 
)NaHI! tand RNI V IS N010 lt incitluisiotn in 

kill ,ea.oui and etils -ii tat Itll c pal-Ieti were 
evalitanLd. 0I \%sliel .I(XIsse rained. 0! 315FI. 
popitlatiovi. esalniated. 133 plantls wcere Sele-cied 
Iromi 22 crosses . We have othserved ovei thle i 
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Table 17. Peiformance of sele.'ted entries of Pearl Millet Advanced Varieties Trial (PMAVT) at four 
West African locations, and downy mildew ()M) incidence at Bengou, Niger, rainy season 1987. 

T 501 DIlocation and crairy hieldhil-I)1 
flowering incidence 

BentrvItngou Kamhoitso Ouahigouya Sadort6 (d) 2 ("1) . 

I(M\'-I' s"6313 2.06 1.80 0.34 1.06 50 2
 
1('N V-IS 85321 1.91 1.83 0.53 0., 50 5
 
I(AMV-IS 86101 2.07 1.92 0.52 0.43 53 I1 
( OHil 11] 

IIIpro\ Cd variet\ 1.80 1.22 0.46 0.93 54 9
 
I cal, 1.74 - 0.36 1.24 59 -


S 1 ±0.11 ±o.o10 ±0.05 ±0.11 ±0 

M:'an (lb entries) 1.79 1.51 0.45 0.75 53 10 
CV ((7) 13 13 24 30 2 

I.Rardom/cd block design, plot si'e 19 m2 IBcn,:ou. 6 m 2 Kamboins5 and ()uahtigouva, and 18nitSadorm. 
2. R cCorILed it iCtIgOuu. 

Ml tnurser
3. Rccordcd iI )M y. lilngotn. 
4 (I\' It Itctnou aind Sadtore IKM' 8201 at Kantboint and Ot:,luigotya.
 
5 Kapclia as tmn atKamboms5 hut failed and attack hv
to yield due to drought stress catutbad beetles. 

years, that plot)peritod-sctsiti\C, late-flowering Population Improvement 
_,etyotpes gr'ow slowly whereas early-floweritng 

i ettotypes-.,rowrapidly. ILast ear wc attctnlptcd We have completed the third random mating of 
to itcreCase t ie fICqttelCc o latc-flowering plants INC Composite 851, assembled from1 193 FIs 
h\ ,clection slow e involvitg 40 varictics and adapted ladracesotr grmth tip to 6 weeks after 

'otwinu. IIIta utrscrv bed at Ihigh dletIsity, we from West Africa. Hal f-sibswill bederivcd from
 
sOxved it I,popiulation hulk ot 5 crosses (with the (,, bulk in the 1988 rainy season. 
)Iie cotutmit parent) which werc known to yield We carried out cooperativc testing of S,pro
late ,cgrcuatcs. About 3 500 2-\ecek old seedlings cenies f tW,.) NIn cotuposites, SOuIa X Sanio 
were trattspl.' ttdlL, in teL 1980 Crop S'+easotn at 8.8 and Pool-4 at Cinzana and Sad ore. Based on 
plants In'. Seedlings of Kapelga (plotopcriod- rcsults fiout Nadort? we seleted 30 Souna x
.;cnsitive) and GI 71) (early-nuaturitt) were trans- Sanio and 17 Pool-4 progenies to devecp vare
plantCd tsrepetitive coitrol.,. 'he nursery' Was ties antd reconstitute the next cycle bulk. We 
irrigiltedl asand whet required. PIlnts with earl applied a selection differclttial of about 501 to 
V1teroLtS iowVt h cotUld be easily identtified and select parents of varieces, and a selection differ
were tiprottCI from the IInrsery beginning 2 ci tiial to select progcenies for reconbinaof32(7 
\vcks ;Iltcr transplanting. Over 200 slow-gro ittg tion. Over 600 Ns wete dcricd from the ICRI
pla nts that flowered in Septeiber were select ed SAT Center large-seeded gene pool and were 
arid harvested for - evaliation. SeIfCd seed was grouIped into two classes based on panicle length 
harvested front 35 selected lines based on paricle (between 30 and 40 cm and . 40 cm) for cvtlua
characters, disease reactin, and agronomic tion in 1988. 
Score. 
 In our TZ breeding prograira four yield trials 
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tCC cnStituted \ ith cntrisC of different mlli- entrics 7 
rit\ eroups. Ihlhc,c iiltchd the Full. Season (1301- trihutCd 

(6ll(, ) ",'arictic+, IqClimiiiar,. I [-ail( ISVF) with6CChcrChCs 
25 inici+, o.Itdtittctl ;it Ioom lowItioii in the 

I lii)mm11 laimtitall 
I 5) dl \rieti. . \IL",v d 
10 eit ie, eiidtlitdci 

I rIII ;ll ,ne. 

/miI. lil-stloll 
i I Itill IS\A\ 

t loom i ittioi 

l-ulI ':ihmu 1 

(130-


I I),.,ith 
- ill 71(0-

(-131) tl 
,i iite ,, i\necd I ridt l( , .\ I 2l , th 12 
t iiLe, . Iilci' d :it , (100-900)(ii Imlitiii, ill 

mill lait ill /,ue. itid I :It ls-.,itiii.IIi, (80-1001( 
dito\ ) ene>I" 1 1,1h iii (1ithelpie,.ionsyNear.I( tin JesI \, N 
iildthuit(e itt-1le,itwii 

/01It. 
RcmitIhIIcd [1ppoll11 

110111 lat, t111[1\ii ill 

ll ',()() 90()tt111111iatitltll 

, , Iilt ,let oili madie 
et tieC ;Ird to 511 \Iitat o 

C\a la tIml. I \\ o)I(.ell hi ncd ppulit nhs,;aml 10 
less, \ ;l.t, Src tcs-tcd lor the 1ii"l tine. I hrea 

\\itc also 

8 SR.NIj 4. PS and SR N l)ori, Con-
Ly Instilut nationlal d'et uds et de 

a'ricoles (Ilurkinat laso) (INFRA) 
tichlded. INFRA collhboratcd in the 

trials: all cltri es inI the vield trials \\cre screcncd 
i thel )IN nMIrser ill Colla-oratloi \vith the 
IN: R.\ path do is t. (. o l iiparcd to hlase popnlia
tioi. the nes le to lliliiltied popitlmtotistItillWolv 
had improeud ltl I)1 resitanee bitt yields s,er 
i-ilal or, it ollne' eas ,t. l)oer. 

lie .. \'JI 1 ii+tltd 21 se, t ioti, fmi set 
0 ieee ,toi, ,h+ered lo\1u) 

ctlitlics ( Ia l ISj v, t clc eted lot coitiiiued 
evalnattlon. ISVI'I litild at ihinst ('iKmalth c to 
sC. ere tLtotilIht ,iiit1 Vilds \,CrCiIIUCih e'CdeCCd ll 
Sllii antd Helltoi d titIo d rough t tItll igI lo\Cr-
Ing and the gtai-lillt;.sltae. Results of 1:SVAl 
I and I'SVA I 2 enliri Icdthe ,talC vit'H per

able 18. 1erformarce of selected flull-season pearl millet varieties for grain +yieldand downy(1mildew 
At five locations in Burkina Faso and Niger, r Irv SealS)l 1987. 

(Grain Yichd It hat JM~ll illclcilt hocitlttl,, :Ill(l ill, 
1)51 Infection 

inldex +' C. 

Fmttlaako-1B.-i Rank S ait Ralik H;cnpoiu lRInk Kallhocin ll ad 

IKMt S87 22 1.81 3 1.55 15 1.44 2 3 
IKM So 87 25 :.77 1 0.77 10 0.43 19 9 3 
IK t ,( .7 29 1.94 I 0.88 8 0.68 " 6 

IK %\1 s 7 3S 1.31 12 0.53 16 0.48 16 4 0 

IK \1 1) 3 1.87 2 0.98 4 0.60 12 17 12 
IKM' I 1.52 8 1.07 3 0.67 8 21 13 
Kaetplga 1.64 6 1.36 I 0.28 23 52 24 
Local 4 1.57 7 1.08 2 2.05 1 

SF, ±0.1 6 ±0.16 ±0.10 

Trial mean (25 entries) 1.27 0.73 0.62 

CV ((l) 32 

Efficielcv(C7) 101 

5 - 5 haLincd littic., f'1t Si. cvied iriin 
2. tN1RA ICR SAI coIliti tiiI. .-.cret iii i 

3. IFailed io termiilae.4. Farili o-l13a Iocal ;at talako-lia, .%aria 1,,.a! 

52 40 

109 104 

6 to 9.6 ill'. 
n I)M nursery. 

ait Sarit and kengou ILocal at tBengotu. 
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fornancctI'avrietieC IKI%P2.IKMIj.) IK NI P5. ohsrvc in October srwitgre o,t lise 13 pairs.
IKMPI. arid IKNII'4. lhelit three \arietie:s \\C nu;dc pllit .plnt crosses on thsC.e tvo pairs 
\%.rc ploposed t,otr-Igil aIn Will l throtih thi, t.ethud intriIIthn i,( \.]!d ;I tcc thett 
SA'\l lli;iI klcpit 11PsNr. 1. 120). 11 thc IM V I tie I)N1 tl.,cr . In the p1151 ldi i\ l \C\Cl
d\er~ieeeirditi5 eds i(\'Iletklr) 

',C 
mw (dt ,llc- soe\\d 21 A mid IHpailr , recci\id loll I('RI SA I 

et'sriiL iMtl Ithri( n.3'1 I S t Ila oliirpir d I)t (elIte.r Mid (W S i.()I fir seeLI itL ic .e. Ihe 
ir t \1t tear 1) 1 'lee%ka sex e\ 

I."2 It Owii ,.s> IK \I +'(1 NI i lDidMt ,its ix I atind tI hit\cL ii 

Ihi til1OI U1')11 ). I h i 1,l Oe 'W\ Cli \ 'riotIes IIl ptits wer IcIIhly .it.ccpihl ( Iablel 9)itdi-

L,(liiiI ltitlc i itiw I\I:\ I itol the I/ po- iti ntilitha txxc l,. to
c lrcd seed p rtlesin 5ttl1. 

1( %I\ ISNNfl iC nd %, l1(I rihd2 1+). Sinltrh \c ibscrvcd that the )\1 incidence 
it 271' I itul lKit dIt)"Ch' .S thlIio sldit 

hillax i .Is c"tFdtliiit ad Itduin-p Li I{select irishlhiW O; , I+)\C1l-100( 111d,11 ]OW,p t t sLhLli)I
 

Ii t tp,,N I. \ C! [11;id( I I t I II. p'IpuII!- Table 19. Reaction to downy wile,(1)M)of
 
K M X PP I1f () 0 Ii llt s 5tLlti,.I A and It pairs of pearl millet, ISC, Niger, post

i)i I I I II',wii Io ii I ree If()III season 19871.c.d ulll rain. 


7"I 'uirirter.l.cii d lirIL IM iicid nce ( h ills)
I .ittl I 11t)I 

'he i;ie' lii'ii'. \ iii HaI K N Itp ilsf t Iii, It. A illd A-tine 13-lilre 
sib'. s'ic 11ed'- ss;ism \e:,iei li tire sele.ewte I(MIA ItI (81 .\ 1) 95
X33 A I1 100 

13 
I IIMA 

I li I Ilcli,'lI hrie dlil ! It i,fIr ;0 c mttl\- ,8 1 A ,11 
36 36 

ii 4 (834 A i) 
27 

50 18 
ii ttiti ii x-h I)IIhaIt sib 1p c 11iC' II am Si rwic- 86I A 1I 100 100 

dcrl. , t i,
101 ..2 hulk n rh8 
 2 i 94\. itl etet+'-.'.,eie C\ ;ihur Led.Ncr I\3r09 88Ii rI: 1.
-
P++t'++?t,'ll), ":rctalictl I() co l.tMILtIl 1o,.puhl 863 A BII r 81 72A H 87001 100 100

I l l 'irr s il WkII rr ilo l. I f t hre 13 1 ',selec- I( NIA B 7002 100 100
 
tiu pic,lquri,, eleh f+ir hinh ciarri tvIll I('MA B87003 
 95 81
 
I I It, I l s ke'riit l his' tie e, t' ou lb II A 106 
 100
 

C!t t.iIl A1B 100Il37 t e "ll %i c(il-d 0 ;rx s)IlsIiuiI1! 5054 100 

1 0N1c r r. uI it er er wi l e e a i a e l5 1,11 A HI 65 54DSA 105 A 100 100I1>1' l l ct)(i2es N ld sle.'tCd r I C \55ill 5 1 
e iS ill be .),prA100 100 

used ilI t lIe dcx elipcInl ol a icdi riI-tnaturing DSA i i8 A B0 
SorI 1 ste. DSA 134 A, 13 27 63 

DSA 144-1 A IB 40 18 
D)SA 501 A H 100 100 
1)MC 23 A B3 9 0

Breeding Hybrids PMC 30 A 13 50 9) 

N 86-287 288 A 132 86 95 
At lcirou in the I)M nursery we again evahnl- t popuhation (2 plants hill1.lill i)ranged from I0to54 for 
tcd 3 A arid 13pairs (from 4th to 6th back-
 I)Nach nitrv. is natural icidLnce. 

eross). sceLcted on theirIreaction to I)M in tile 2. Ihcorporrtes P'trioi r iioiVirlcii cvoplasrn irtile 
1986 r;uin\ scasolt. \V observed that all pairs A-line, seed provided ry the I;istituttrarnt;ais de recherche 
exept t\woo fW'M I(81A) Smulla M ali, wer scicntiliquc pll Icth\coppere rnt cn cooplration
snseeptible to>I)N. ,\ similar reaction was (ORS[ONO. 
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was severe on 146 progenies derived from B x B 
line crosses from ICRISAT Center and on 9 
progenies selected for conversion at ISC into 
seed parents, We.selected 50 individual.DM-free 
plants from 26 progenies for further screening 
and utilization. In addition, following evalua-
tion of segregating progenies in the rainy season, 
48 lines were selected for possible conversion 
into seed parents following screening for DM 
reaction. 

We evaluated 133 testcrosses, a high propor-
tion of which were made on 833 A, Pb 11I A, and 
29-3-2, with CIVT as a systematic control. The 
testcrosses were early (mean time to 50% flower-
ing 53±0.3 d) and suffered infestation by Rhinyp-
tia infuscata that resulted in empty panicles. 
Testcrosses of comparable time to 50% flower-
ing as the control CIVT (58±0.5 d) did not pro-
duce yields superior to the control. The DM 
incidence was also high on the testcrosses (mean 
DM 29%). Based on the observations made over 
the last 4 years, we will concentrate on the male-
sterile Souna Mali, and on inbred Y variety cross 
hybrids, 

To initiate a collection of pollinators which 
combine earliness, medium plant stature, long 
panicles (>30 cm), and resistance to DM we 
tested II pollinators (based on performance in 
testcross combinations in previous years) for 
their yield potential in a trial at two locations 
and for DM reaction in the DM nursery at Ben-
gou. Based on the results we have retained four 
pollinators, which yielded from 53 to 90% of the 
control CIVT (mean over two locations 1.79 t 
ha-I) and will use these in the development of 
inbred xvariety. cross hybrids 

The ORSTOM team has carried out research 
on identification of male-sterility maintainers of 
P. violaceum (V) cytoplasm, geographic distri-
bution of fertility restorers of V cytoplasm, and 
comparision of A, and V cytoplasms. 

Several partially inbred maintainers of V-
..	 cytoplasm are available, they have been derived 

from crosses among Tiotande, 23D 2B, ICMB I 
(81 B), Hombori, Massue, and an accession each 
from India and Tanzania. However maintainers 
derived from crosses involving these parents 
were found to lack the required seedling vigor 

and resistance to DM. Eight early-maturing 
accessions from six countries in Africa were 
identified as maintainers. In addition, 13 late

_maturing sources (originating fromeight.coun-,. 
tries in Africa) segregating formaintenance abil
ity were identified. These will be further inbred 
to isolate maintainers. 

Ninety-seven new crosses between V male
sterile cytoplasm and late accessions were stud
ied for fertlity reaction. In each cross, around 
10 plants were scored for dehiscence of anthers 
on entire panicles. The scoring scale used was 
from 0 (anthers do not exsert or exsert and fail to 
dehisce) to 100 (all anthers exsert and dehisce). 
The observations indicated a strong correlation 
between the scoring scale for fertility and the 
fertility observed by staining pollen grains with 
carmine or Alexander's stain. The accessions 
were grouped into early (<100 days) and late 
(>100 days) based on time to maturity. Results 
indicate that the groups constituted based on the 
degree of restoration of fertility on V cytoplasm 
and the diversity of these groups corroborate 
earlier observations on enzymatic diversity. In 
West Africa the distinction between late- and 
early-maturing cultivars is very marked in com
parison to other regions. Pearl millets from 
southern Africa are distinct from Central Afri
can millets and are close to the late-maturing 
millets of West Africa. Central African millets 
are close to early West African millets and are 
similar in their genetic diversity. In these two 
groups we can easily find sterility maintainers or 
fertility restorers, whereas in accessions from 
southern Africa restorer frequency is very low, It 
is relatively easy to identify maintainers among 
the late-maturing millets of Burkina Faso, Mali, 
and Senegal; and late-maturing restorers in 
accessions from Benin and Niger. 

Research on comparision of A, and V cyto
plasm did not make the anticipated progress as 
there is a need for an A, maintainer that has 
better seedling establishment capability than 
23D 2B, and a range of sterility maintainers of 
V-cytoplasm..About 30 V male-sierile cytoplasm 
maintainers were crossed to A, cytoplasm sour
ces and their restoration capability will be 
observed in 1988. 
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Cooperation with National 	 Millet Inlb'red Nursery( PM IN 87) to 17 coopera
tor-s in India. We Iad t\o I itc t tittcts Nursery,P i'ograns (FIPN-I and I I N-2 I lP-I consist, (,f 
nine I('RI." AI h!jd, tha ar1mr r,)l:t0id in 
AI'PMI II' ttial ,and1 ,kQ eft tmile M_ t',o ciglht 

I(A ,SAT'"(enler 	 COutriCs. I cl'N--..cti-Sht. of opcit-pollinted 

'suppli, ofl ,Bcvdi~i;,,M -,,erials 	 \V e t I ,-t, -2 t, Ine c tn~'''p1 ofI~rtu~rp'.\!.ruia~ \We set II.sct\ of IIP\-' to litrle courrtrie" 
(li..IlL 

I}ll',\t j %\('"cll90)U00 iced " lhp Icsto 26 colon
 
Iet-, i U. u ua tihe (l.1its'itthcse
, 

%ie\'ck 1trI I",ill MliI i;&, ,tlld tirlic ,. \V Varitiics for .NalionaIl Iri:lls
 
sell 11 ,itiiin I\ NI scr. ('Il N S7)it)
te I Ili' 

i , Ii [Ip t t\ I n( 1.'1(11oItlii!'.. l11W 11,01t1i-)t(- I I llinI It- tcd \;N1i tics ndCight hvbtIds 

I Jle 2). Pearl oriflet seed sample, disp:.Iched from 1(RISAI (enter, 1987. 

No. (if I Ircding trecdcr TotalHt 
Ik' cntIie, iuc seed samnpiestrl 

\, .,crii 0 	 ) 2 0 2 
S a 1 21 20 0 41Jlt 


1)l t l n 0 0 2 0 2
 
HurkiulI Ilso I 27 0 
 0 27 
I1 m 	 I 21 0 0 21 

("id 	 8 104 0 0 104
 
11) pt 0 
 0 10 0 10
(Jamhil 	 4 52 4 0 56 
hillt 118 5935 818 289 7042 
t1,5 0 0 5 0 5 

1eI 21 0 0 21 
Mexico 	 3 38 10 0 48 
Nigor 
 3 75 274 0 349
 
Pa Ni n 17 228 56 
 0 284 , R'pIcIepublic of' China I 17 0 0 17 

t'eubtelcnt~ lil 	 2 24 0 0 24 
I 27 0 0 27 

>wi 0 0 0 3 3 
0 0 6 0 6
 

I h I'tliIppincs 0 0 2 0 2
 

tK 0 0 18 0 18 
S;A 0 1570 	 0 157 
win;m I 17 I 0 18 

'it1nni ,\rith Republic 0 0 4 0 4 
, binihtli 0 0 343 0 343 
/imhi)eal". 2 42 336 0 378 

foul 164 6649 2068 292 9009 
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A 

forcI(JIIIcpearl is flfs dioneI iitl 11 1'(.d Nlipph)I rvcmd tI ep~iIn anid r milicI citlittih on miclro-

II II (d 1 '. Ill ;Iddin"11. thicL (IIpCn-pt)Iilmto.d P) CIHIC\ ill [11C CJ11l\ IlIA 'II0\\tiIJ FICjStdICL 1 
ir IiCht" %\CIL' 101111k CirtLCICd 1) co I)CT itOhI s 111d I )MI ald lhirrr 1r'o to u -iS \ Bu l h) ()I 


1(( lS\I \\-1r\~rrc i IL.tc\ I ic mc-ih ,c-Idl 2" - in, . 111 Il Ic."Ji-Icc
 

1f~\ i~L~ih cii il. I ml i ~ldcurrlriil it) -inn . ;111( i lwni n c( i l! 

ricitlir:\\ ~(3il\1\I ,nLII( Nh 41. \c -.:Ch!' .1'ti \lii'r-.tcih;ln~ricd tiho LW 

ll I 

!11,11I Iita 


1( k ISA Iw wi \ c ih1t 111d PNILPI Ill I~c~) I N\1 I \11 
to 111c fi -Ih v~t.'~.,I ic Nahiiii tIc\ II'dlc llii, it1 I[-\Lc ~ 1iil11tiii 

na1 700 I o11)\I(R 

\\'c -.cf mncd *I I11 1, Hill Organiiation ()f IrialsIi A R 1nill- iritA-I.CS itcrtiatiinl 
Imi th1cir. collihincti rc:IL-tIotI I() I )M1. elpol, iid 
tshilt dillitMI the 79Srlil\ "CtOihi at jIjIjS-A,\ I lic 1i cllti IP\IA I 2I)N. had 24 cim tc." 
(Clntcv, inditic ild 01i lull'ICMItIi 0I ( 13 h.\ hi Ids. ') COiii

A.110111mthu AliI( T \1 11) 1011i~~i .5 Ic i i-. \i~lIcallciv. \\
tf";isi ipol %lt 

larl.! tilhil'-ct oI itil . N .i lm dl.i I-.staIti.c 10 scilt t') 27, ~ til- i lii li iru l ,Imil. I hl,, 

http:iritA-I.CS
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Table 21. Grain yield of ICRISAT pearl millet entries presenl., ii l adi,, C,, dhid 2f":rl Millet 
Improvement Project (AICPM IIP) trials, as of the rainy season 1986. 

%,laht-stildcai \h 

ofl pl cirl.ltal ycaz+rs Ifii l 'i 011Ont, S, 
J-lilt)COM,' lL-, , in trials I 11 : MCAt!)~ Illt+CMll 

IHyids 

6('1I1 423 84t,A 4 2.06 100 0)
ICMtl 451 I('IAM (81.A) 3 2.20 114 117
 
I(M1 50) I('AIA 4 (834A) 3 2.13 100 109
 
(M)! 83202 I('iA1 W1 .A) 2 2.02 100 103 

It'M II 83506 1It,,,I..\ (I8A) 2 2.11 104 108
(AMl) 83401 I('+NIA 2 2.18 107 I11-(8).A) 


IWMIt 83721) I(NA I IIS IA) 
 I 2.32 101 102
 
I(N)II 84122 I('MA I (AIA) I 2.66 
 115 117 
l.II\S41)13 I('NiA (8IA) 1 2.33 101 102 

( )l;Un-pnth ttcd xa:ricties
 
)(I(' ,2) 
 4 1.64 109 98 
I \1S IS1)10 3 1.71 I10 100
 
u(AIV 811t1 
 IVC 3 1.75 112 102
 
1(1 I 8 3 
 3 1.61 103 94 
1 (l V 82132 SRC 2 1.76 0m 97 

IAV 831 WN MC 2 1.71 105 94
 
I('.s 8283 
 2 1.69 14 93 

I(NIS .123 I 2,01 117 107
 
I( V nI104 NEI.(' I 1.85 10 98
 
1(A I-, 440 H) NF C 1 2.01 1)8 107 

ni'cl, arc Culculatcdi t (,I ciItrukl omcr nican oflie two comp;.rahlccontrol M It I I) and I('MV I (W('-('75)locrlhc 
\" 1 III th ;tlll 

\cai 5 (d the 23 cntrics v.erc fronm five of"our oflhc control xa-iety IMV I (WC-C75) which 
lw-prraol tto l,.ercd 5 days later. 

,\('I0'. I-) h);tlitll, ill In ia and Iakitan the 
huiuhest.-\ luline lrtilc h. hrd ,, ilh tood D)M 
tuvI~tnu \kCrc 01] ;l,,-t: ii Ilc ' Organizalionuf ltlrnalionlaI l)istsc N lrseries803., atnd 
, N. II ,\dr rumn uI . h;m,,c humnt rejctd, 

cuWCl, tht\ !k ttuhr LcIt ('t )Il\ l( I! ,70 ill I)oV, miltc , Iltirscr,. W ith he help of 
I- !r intel tu \l( 'ital,.( I alhh: 2 ). IChe tttir , Vi 
he-,! ,upcii-pillin.mi..d \iIl' 

ot ijetrI, \\te teahllted the 27
> xucIt WN\,52)4 erttr'. Itrnationid itarl Nrllhut l)ovtv "lildew 

tuii th IVC. ;md Id MN S442 I rmi the N1('. Ntr, IlIM1 \l)tINat I ) hoeathitns in Indiaud 
I here ''cre cau cttl,, il l t earl'. hc trial. Wc:t .Africa. Nine ,torim , itiltdine, P 24-2. F' 

hvhrid 1('+.11 ,54) II),tid ,ari\ I.',,NV 5h). 3MV-17. P11449-3. N02 B, l(NI P 51). arnd R'MP 
I hcv,Vetc ul',r-ricldm. hut \ithiin 101 kg ha 854))) hmd 5j m crit at all the loations. 

http:upcii-pillin.mi
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Ta l)e22. Fodder .led, Iime to 501( floierijg, an lplant height relative to th conIrols, down), milew 
reaction and status of IC(I.(SAT pearl millet entries prsently in All India ('oordinated Pearl Millet 
Improvement Project (AI ( 'PMIIP) trials, as of the rinvy seatson 1986. 

.. . . . .. . .... ........ . [ ) 
)lpalenl l II -O II I1illIto)5 I litc P)1 


:nh,1t Co III po'it, trials \ie d Iltel ill h". 0 tI\ 1t (' StattIs' 

Ii.'
vhril 

(XIIf 42-3 841A 110 114 90 3.5 1.6 RCd 
I'AIt 451 1(' I (8l,.\) 3 I1( 108 105 1.9 3.0 Rel 
I('A I 501 I(N A ,1 (34.\) .1 112 115 109 1.6 3.0 Rel
 

I(N Ii1 83202 1('.,,\ I (8 .,\) 2 106 109 99 3.o 3.6 Dro 
1MII ,8350I6 ('XI. 18 .,X) 2 19 107 98 2.8 3.6 [)ro

I(' NI 11 3401 l(.XA1 (S .A) 2 107 109 96 2.4 3.6 Ret 

I('%II 1 3-72) IC XI I Al..) I 114 103 93 5 2 0.4 Pr'1o 
I('.%I ,I... ('NI I (8 ,.\) I 119 109 104 2.7 6.4 Pro 
I('N II -)I I('NIA I (SI A) I I0N 109 97 2.1 o.4 [io
 

l( MXIS"'(1 4 117 105 102 2.4 2.8 Dio 
I( IS 801) 3 105 101 I1) 2.7 3.0 Ret 
I('NI\ 5l) I I 1"(" 3 127 106 I05 5.5 3.1 l)ro 
I( P> .2)3 3 96 96 98 5.6 3.0 l)ro 

I(NIV S2132 SRC 2 121 107 103 1.0 3.6 Dio 
II'NI% s.tI18 MC 2 106 107 105 5.6 3.6 I)ro 
I( NIS 8283 2 95 102 10,4 .A 3.6 Ret 

I('Ni 8253 I 115 18 108 4.8 0.-1 Ret 
(I(. NI.IC I 125 118 II0 1.8 6,4 Ret\ 83104 


'IXV--8141) N E 1C 
 I 122 106 107 3.3 6..1 Ret 
+
. . i).tntik)l L'tiCtllparahlc1c(iH l Iii).irI tI t' it.'.c,c lc clite d !o\el LIalitlthir 1),l~ IX' 1I\V('-t'75)J 10c2 thc 

,.'!I HI)tile !ll;11 

2 I I est cItrl 
~ I' (' ' tol i acn )1I('NIV I (W ('-(75) nadNI ll If( 
I R,: RcheaicdIto Clltiatiill iiInhi. lro "' I) d Iwiui il. (ci RI laincd I Iltl.Plo PIiilotL'd toad anced trias. 

In a Pearl Ni lletl)iscase Monitoring N : ,tIrv Ergot nursery. We organiied the 30-erntry, 
SIPNI )NI N) operated collahorali'el\ \with 1987 1l1N,11FN, which was grown at four IndiaI

INI I,, t C ted SiX htt , It locatiot ,,,,\tann ahad I(R ISA',I Center Ind

1014. t1K NII I'NII 451,Nht. i, I'NIV I hiam. and N\Isre. 'I v\ntv-four ol the entries 
(\\(-7 l;Iir)l(X" 7(1 . ;atI5 locationls had aSo been tested in 0C 96 II)NI.N. trgot 
,i ,,,,litdil. NIII I) lu. IostIit 'aas tresistant scCt.itics otfthese entries vce altttost alwa., 

utt'1) \ \ -1'(' SCc it' at a! Ie Ocations. • 5(7 11 tile sevcrt tests over the 2 \ears, cornith I)Nl 

and HKI \ccpt II.I I1)- (a thcithtren)ies were p'ed with 56 to 91)' it the sIsccptihie contro,
:c'ne ally nesistattt. II 104. All etries were tested for snint aitICR 1
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Table 23. Performance of selected entries in International Pearl Millet Adaptation TriaIl(IPMA'T 12), 
across 19 locations in India and lakistan, rainy season 1987. 

i t ) 50 f t.. ... Pla n t 
I ntiI I)lI ha Rank
 

( .I I ,2R.t s,3..\ 2.94 5S
2 2.29
1NAMIt S6145 sb .A 2.93 3 57 2.22 
1('.1 II S7003 8 3.A 2.91 5 5') 1.86 
I(.\l 6t,245 S63\ 2.80 8 55 2.29 
I " Vr52us IV 2.73 12 55 2.25 
P 't \ , .?. MC 2.63 15 52 2.10
( H ,5410 I(MA 2 (843A) 2.47 21 48 1.39 

B M '7Q HSITC 2.46 22 48 1.97 

I I ) 2.92 4 49 1.92
I (\\%\ '-("75) 2.60 17 53 2.17 
I(\S -04 2.36 23 56 2.33 

±0.60 :0.3 4)021 I 
mial mean (22 entries) 2.69 53 2.07 

S.I 'enter and w,'ere highlY rcsistailr: several Release and Adoption of I(1RISAT Matevriais
 
ent [ieN \cre ,;,oresistant to downv mildew at all
 
h~;Itieulls, The fflhling rimaterial, Ihav\e tCLCltl, DccLn 

lCaCtsCd Or are ItllIClHOW Clti\ationi:
.Sunit norsr . \V. ISOureati/ed the 22-cntr\ ' After 4 years of tstirng in t e AI(PMIP 

1 \" 1 trials, hybrid IK r.leasedl tl+Xl:-N,.7 \ hi \ _,iIO\X\n ,Lecsst'ully at t 123 was by the 
thiclcoh iow.. 1ecu (Nicr). Saminru (Nic- ( loernrient of India on lanllarv 1988 for 

An), ( IS.\l ( nter. N entrie, were ,cer;l 1lliti the ruillet-growingar-easlst Culti\ao 
resistant i2'", e,,s location., CorparCd ofildia! [his hlrid has yieldCd 101'%oflthc 
with the sseeptihile ,;:tr,.I10.4. Which had widely grown hybrid M HI 110 but with 20; 

ese itV, I ight cntric, Ir., I 0S-5-1. nre oddcr \icld. ['Ie seed parent, 841A,01 

200-'-,5. (W)1-0- I--. 1-6-6-3, 900-9-3,W01 -0-3-I. (,t and the pollinator, I('M P 423. \cr bred at
100fl--4. ;nd [('M V 82132) t luit were cormrmorn I(RISAT. In 1987 \\c distnibutcd breeder 

.ears, 1985, 19,".x ;ird 1987) showed sccd of the pa-cnts ofthis hybrid to 26 institt>ianee II-(, severity') ;aros, all (3-0) loca- tions in India (Aable 24).
 
iOWs s,eear,. 
 A scCOn.d hybrid. Pusa 23. was also released 

for Ceneral ctrltivation itl India. lhc hybridPotist nursery. \ VC\AlnatCd the40-c-ry Intelr- was bred at the Indian Agricultural Rcscarclr 
i,tinral l'el I ,1i!lctR st Nursery) II(M RN) at Instittc (lARI1), using IWRISAT seed parent
ll;ha anisacMr roi A,\rariabad in India. No 8 4 IA. 
clt r V'as rtust-lr aCthot li tIle Cr i1s, although A third hybrid., 11111 50, which was bred at 
forretrtiPs, I'24-1, 1548, 70048 1-21-8. aind 852 Haryana Acricuhtral iiversity IHAW), ard 

dcvchopCd Ist at11, 10( bolI lhcaihs. Isunder cultivatiol in that State, was released 
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]v o pel,.lt-pollillated v'arictics hil,c tb)ecn 
'ablh 24. Breeder seed of relaved pearl mil,ltt 

h .,)rids and released and prvrekiise i "l'antbia. relised or pre-elesed A\mass

1987. ,cloLtLd ,ersion of I(NV I (\VC-('C75) hasupplied in India from I( RILAT (enter, 
bcK, el i d,i. and a i a,,.-,,s cltttcd I( '.M V 

Sct.d di'- t,.,ipw,'t 2132 prc-rclascd. I('N \'V 52 32 is resistant 
Ih1i,0 %alwl, ,tt it.d ,g,) )lgal/airol, to sint. at'sit s. a, dcrivcd ho ur tie SmlIut 

I( ,t 15.I 1 lesitant ( )npOSt , am it otuviCldS I( ',"1V I 

i M,, I i , IA,) 122 b\ a coniihr I blc In I y i)i i /itl ii ia ,wherc it 

I(+MNi ' it 95 30 is paricularlk %sell adapted to the Wcstern 

(A 451 60 	 province. 

I(AIt 50 1
 
I(81MA -1l834\ t 15
 
W(',t 4 (8340 8 12 StIpl)ly of Breeder Seed
 

I('t!' 50) 13 
\Ve not)\v ha\C three hyblids and two Opein

cd in India. In iadditionpIIi)ina d ariCe ies: rClCa81."51 
841 31 26 	 I('"I'"20 i, p"roI)'"posed for rele'ac in \ aharah

tir, 8md I( 'NI 77(04, altl)ougLh it his not been(A!' 423 60 
remCiCeasCd, ias L C CXICnlesi\clU ICstCd illbe. ,o 

I('.\' i (M A'(.'75) 472 31 AI.'NIII' ;Im,o milniit trial, that %%L.ha,, 

It(NI", -1I (8 S 7703) 104 20 linlit,:d demand I hiercd ,cd. 
IKO 1)7. 7Ae d\tcributed ,a largc quanity of 

(15 7704 26 Ibhreeder seed of the parcnts of hte, lvbiids. and oif 

the oem)C-p0ollintCd Viall ict,IlclinseIS (I able 
24).I his Imeecr ced is the o"iitial sonrce ofall 

seed multiplication. aind is I)Cin, uised in Irtdia hy 

private seetor organi;'atmons.
for 'eteral e:ultivation in India. I he Seed par- many pie and 

cut of this hybrid is l(PIS..l's "I A.
 
Ilt rcccntik Iclc ,td I( 1>,1." 1 h0b it),
 
k M l -451. leached Il rjci ,' fields in 1-67
 

lit. r itrapid ccdn. iii1itip tttio primram
 
unlctakenl ,) theIn,,ian public and private ICRISAT Sahelian Center
 
secl ms. Sudic, kill the lcccpltihilit., of this
 
h fid fll ithe lta)inil al. \cIit oh n ldcrttak il.
 
II, ,er. ii tile .AI( 'I XlI' tr~ial+ I)f ; Supply of Breeding M,.erals
 
I( NIl .151 , tieAIhih i f,
,, 11 it. oldhybrid.
 

ser 31veusI~\ t 
 Il We ,uppl. imvprovcd biceding material and vari(),or3,c~i>,in .\lI'1'I I1' trial, it is thej inh)ih3s.\ciesdin h 11i iam andisthe , etics to nationial and regiomal programs inl the 
hihst-ieldi hybrid Inv gainan h form of hreeder seed. elite breeding lines, prohi h,:,,-yi 1t.%,hlidl Im, Itndtd l.hli 

t, I' P 5".3 hat> been cllt- genies at \arious levecls of in rcedmng, source 
a R~~RISA I V;Uets. WIPl( Wla, )C1L11 

nur.S r.es, and to .etspecilic seed requests.
Vatei ill 'Niah ashti , a 1 1) 11i a \\l d
sc:'ale. Ihe ,,rietS l, 	 I)turint the S e.' omer 700 seed samphs wcrc 

yields a houtlhe ,ame as ,,li1 NItll I . supplied to II co utrie- in \etC' Africa. ulp ii 
ICTI' 82(3 i> ssehl niapted I 	 was suppliCd With the c ,l number o.siiple, 

0 , t1tttriad , in! tielt. var. I s figure-,
Andlra I'tiadcsh. and Karnataka. A proposal 

take into account regional. cooperativ'.for its releasc il thr sltatcs has been do not 
advanced aitd initiai trial entries, and the seed 

reared or eneideration by the State Supplied or lare-scale cvaluations.
ReeI, +'se,. ( tit nit tee>. 
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Regional and International Trials made on] the bhasis of peilorinancc atliividutal 

(-N),I I\I/,\k i"t im. ie-ported this var. Ii 1987, \%wc'tn tinI[t!d ticoidtl ct I I/A I.()
I iii-l i l t,! .... I .I'Iltrics n tand thl t1 ,", cntlif ic.i, , ii . INi\N and1 itih LA k 

itt e " .V , ,L.Itct_'l ;Ii10 lfc:ltittoti.t I,C0 etit, c'otitlh tc(lthicc,c;t:ch.i i ct lI iiilI w ias' 11C' w ,(dM,IIHItI \V\'ct '\11I(it,;1)(J'~It':, ]l', M tC di',tr~btltCd. 101 )()..,{)\J1t13 tIM Pn, M~ ,"'illt' 1Ii,,c 


I fc([N)',N lN III lo cm .8)l1 1 1 It' a ttlc"i \V , ."u,l 'l i'. i
c.! , . C,1 s': i) 

li t' I M',t i[:kl t t I ' IIIIIh)W cdt I',\m\\o (dl()mi 
 l Idl lc '{ 1 .\I, IIIIu l!kil tt(t ill t'00 ) L~'l t \ It_'lt 

w 1(1,I ii !,I i IL. pi (tj , three ci. ch hb\ Iht i Ii c c Vex eaiii) i \\i Is' .t\ %i thIi 
N. A\ct eI\) \ ;id I.\ f ;I ,c.d ,ci) ,tit Ii1i \h ti\Ita , tt)!i ticil i c",pIit c 1il1liWttLt i lili 

I I X ; 71,II IV ' .. iiii 'd' t.il I ,{,lLICI \ I,ilh'lnl bI) R\ . imdt )I c';lli l;ilciLd P A N tllid", \\III h,c ,tcp d p11c.\Cll. 

iY,{)ub\I\R. I IL'iI I-, j '(TI rtl C1 1I 1CC \ .l0L')L l Cd tO .1,I !C. ( In cl.'\ ; \ ill 
i ,ctea 'i \Neu\ I1Pitri . I,\U JS.-, )ii I i I i ,lli,,-\h ,,25lt.. thci in hIdi00c4)111Iol o 1)flltiC i .\iIeltoneA' ii: I \'Rl.l .4lk i:.\I,, .\(.'il. ,\t:)fI I>AeiiI,liir (in i ,( iI 30 hcli, i T n 2.56( ') 1. "(, .
(o -t1If if i hca 11%c t.rip 9XttII~ 1, 11, tld %11 

l 

I nbilc -5,. Mean g~raiii.idld oflet' ries-of I(CISAi .Millet Zonei .,ATriail !!.\. Vi"T l,F)86)-i sevvin 'Ves
 
Af licatlionis, rin, ,UlCallI98W!.
tricanl 


I 1)ll2(l4)l I ".'ni .77(5)n W !I;!.'.4 

2 0.61(I).L)71 "0 -,1 Iii
2 1 1 0._ 4 ..01.70. 1.5? 

I \ - 1(.(()(4) 1L'-, ().7{, l 1,7 I.8 I ...
( .1J 1 5{I) 1.49 

M \ (I 8. ( .17 ).89 ISV 
 1.563 2.57( 

Si ' 0.89 1.04 1 15{2 i 30 1.00' 2 7 .5(J 1.05(3) 1I. 


I 7. 0.,( .2 ) 1.102(2) i.,37 

.4.13
 
I" M\ s, 0.6 5 f ,7() ). I 2 .0 2(4.5) I. 42( 2) , ... ' . 0 .71 4) 

INNIV 82k0I 0.0 ( ().77 2.,I2(I 11.9 1 1.86 0.,7 (.2

I \ I { I V 8304) 1.(;5() 1.95 o.5i (..4( ) (1.60 
 (.02 2.7-"9 f)I 1.41",1 21. i 08. 2 15( 5) 0.47 (55 (1) 1.04 .9,1 0.9 (.A(

Itittic 0.67 21 3 ) . 5
I } (.8 ((i.3 ) ( 3 2.257(3) .2(4) 1.3 ):! 0.84 1. 4 J. 1 1.47 1 _4(-4 2,0}7() 1.82 ).84 1.3.1 

1NtV \ (.65 2.160( 0.80, 1.58 .3, 11.42(21 h,' 0.,6 1.32

1NI \ 211) 0.88 1.8. Oi0g2 1.72 0.97 1.861.40 0.78 .2

1KMea 0.97(5) 1.80 (1.7-7 1.94(5) 
 0.68 I.45 9.971.73 1.28 

%IVKV 5,u 0.32 1,7-) ).57 155 0,92 
 1.0}4 1.59 0.67 I.00
 

l d1.79(1)r,; 2. J)0 1).87 1.88 1,16(5) 1.71 2.2 0).7S

locill 1.04(3} 2.15(.1? 1.0})(3) {0.78 1.l0 1 33 
 2 ,.!1) !
 

) t{ 5SIT + 1 , 1{. -;. -0.i10 :,. 1-}22 i1'.18 -0.14 

M ealn 0}.88 I.90 0. I I 75 1.{)1 1 (1 2.10} 0.90} 1.38 

C'V (<"i 
 43 5 .. 4V, i5 JO 3M, 


1. Ranlkings of [of) 5 c'lll..,,alie kilO\ll InlpltrcnltilcsL,, 
d block design.11 phl slie \u lictJ ll~oill b! Ili-' toIN Ill:.l~lilndlmuc

http:design.11
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staild utsllishlcnlt hc-lorw ilc'dil, them In (lie i ' tt Ii I ij I ,O,5bL'OII C hcint2 iIICIludCd iII prc-
VICh~l trial Atilld C 11t[ i III.CICC'n ,d 1-1-1 l111il f\l~.\icld tilial,,. W C I](' ti s' prIOCCdtIrc Of. A\ .h ,tc',t ll~ c 

etillic, tln iII \hII \\ o'l lttiC hot I )M leIclc'tioln and '-land estthlishch I')57. i itithlrul; Ne lin 

ilIttiipitkil I I w1a l a i t. L 6 tt N ;tiel; i tI p101 10tioti in the vihld trials is a 

\\'c st,\\,cd I> (d Il:( :it l ii III ttle l ;li.it'e 2 , nOtlypCs hredL1t1i,, hicitt"Oi ippI)i hi It) USils 

thbs sl\;ttiti nhises ,,tith I ,i,' , t ,iii. ii S I ( C'ItICAI". I(I 

IV, o'.T I h. _ .' I )(M [I \Iild,'\\ HIIden eic' 
\N ih il netrit l i i ()-MI( ; aI l -I'Y . I '.c 

( -h 533. veic 

s , 


cliii WM.\1\-I) S hi7tit I(dM ]Itt-iinal I)isvtsc Ntrr'ic., 

cii l\ i t it)o 55(I0in< t \ , co tiol ( IV I 

2. il;i'i. CcoldCd Ic:, I)MI 1- -1 control I li' WCs! \i Cit Iloisll' Mildcst Observation 

('IVI I ilid iheI l itihal;i to the cotltrl l \II>tis I \\ .\I I()Nj otidItLI bv five 
(2._7 t Ii ! Itc i1i.+Cr\ t. ii miill inclutdcd 2LIiil (d the W.71101 ) ilitnil pMltiAlls 1) 7 

t h ';.it IIIc; ntie t, ili be C\tlitiiCd iIi 'Cd- c'ttli coitiltibilicd b\ itiui lmi pit l ati li , aind 

rible 26. .)owiy imildew (1),M) incidence and ,s'lit, lit doliogh singe of selected entries in IhL West 

Africai !)owny MIIde, Observation Nursery (WADI).,ION), m. four et',. African lociaions, rainy 

season i 987. 

' 
Mi ca n II ilalil hn\ ]ttlillt i I KX l ti li,) Sl l Il u,+ 

Orti. Origin I S I S I S I S I S 

( 'tmposite Precoce 

((O(MPRE S3IR) IER, Mali I 1 ) I) 1 1 1 3 I 
SI!: 2124 IAR, Nigeria 2 I 0 0 2 1 I 1 6 4 
INMV 8514 IAR ICRISAT, Nigeria 3 2 0 0 5 3 0 0 6 4 
SIO3(d IAR, Nigeria 5 3 0 0 4 1 I I 12 10 
(IR P] INRAN, Niger 5 4 0 0 5 3 I I 15 13 

RM\"-IS 8'7345 ISC, Nigter 6 4 0 0 12 8 0 0 II 9 
3 4 IlK INRAN, Niger 13 10 8 7 23 15 9 9 13 9 
if 80,10G-hR INRAN, Niger 18 II 0 0 53 28 10 8 I 8 
I(MV IS 8(605 ISC, Niger 19 15 0 ( 34 24 7 6 36 29 
S1: 360 IAR, Nigeria 19 9 0 0 53 19 0 0 24 18 

('ontilos 

lIilpiloved 8 6 3 I 12 II 5 1 12 7 

Local 34 31 99 99 17 IV; 4 4 17 12 
NIltt 3 .11 28 0 0 33 '4 70 54 60 33 

hial Itical n (24 entries) 12 9 5 5 18 I1 I I 9 13 9 

I , aHa l t inumhcr (d plants inlected as a propoition (tf total plant, ill a plot. 
2 tcd kill a I 5 hle I I aI - N5<itpI us mill sterls antl all tillrs so that lhc-re are it) produC tivCec:v, %N I,, sviliptolm, Anti 

paii-cN,. tli;idt 0.; ,t ilan (4 74 8. pitilN hoimii ,ol icphCtit lis. 

IlistIttl 5ill .1-l. tit t h ichvIic ccht Ii l tt oICN, Sc 1lttpC. 

I( IS A I ',alhiChtl ( clit. Nc til 

5 i nlii l i ti ' t ld C l ct\ t'- I I c'hiic 'l 1( , liltNIigcti Ft'it) 
1IMl+ IlC IM ,' ll ltl, t"1,1 L II.h N'lgCll1~ CC 
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I(S'I.A I I caluiitio I)lM rcistanicc. had onlY I,( )M icid,.nc iat 1iaulni, \ Jil! at thev ll 1hlie 

hiehsCrt nieCir I)"1 inCIdence, \'Jsi, 
 , at lengoii. othcr tIree locationes it Fid bCtwCCn 211 1 and 
tolhl \,'ed I\ 1-f, , at S'it llftn, 11 I t Kalilblinskl', 5Y';. S;im ilarly, 81 11haid less than 5 tit'idtd nce 

amid 51 ,tt l I P.il,\. ( 'otIpwitc l',.iC'eoe ((_'( )N - ;it BlaIIihCv., wa,.S I)M -frI : :it K intllminSk, bult ih;ld 
IlT I ;IFl tt- l:tl I t()I M a~,li. I;wd Ill' Iuk,\e I ( f', iniIldCi.ce at Il !I ,;11. iu atand 1)0'( idlic' 
I )N1 iuicidl II i I 'ztli',ii.,. li\ e;iiau iI. II)(se fi i'difil, indic',ate thc I-ossihlc',' ,', 

:0I i' h: d !'', ', .I I' II[.'ii , (l).\ioF diF CrCnt ppihotytes oF ,. r , ni 
_i w ', I 1lh i t IpIi-.t a lieth1i 0/an(I, [if rt \f,'e t .. ricac., e c pIh s1 Fc saite 

hl1 ,., ll (,I, X\I111 . hu1 d i1 i I ,1i1c 2(i). 't id ('liltt",w ill bc' Ik'C\';I ltCed iII I(,I " to COII
\V cli\ c ';it :l I I(Ill k<,111 mltlli' !t tlic'he!iI. tlL' ,,ItltItI,itW ,.

\ C ,{ lk:\Ir 1" ll.I\ Xl l;v+', r : +,li,!. ru ,lli 

to C'\ ;il p'1.ltc IIle \ iflilelic.' ier e's iII Varieties flr Nati mil Testing
 
. ". j'/,I[1111IIC()/,1 p(t)l'tl) itLllI mlll lt ]tocalitlll3.
 

III-hc e' l Jil'li-, 'tllt.0l) S had t I),"I I 1 Y'X(lw: pi[,on sed oIr wide weale tent", ill 
u i, iI\ II mr ,.teiono : , l I tI lite flrilne-" lields varictcs. I I%1,j 3 for nlormal sow-
Ii t , ,,..~ti' 1 itl~li ll m ci I l i loc't, (II ie,_eii -9009 riilall /miuceIK .IM7 ) mtm P 2 and,.
7 ih ,ie iit i a ervct ion, bet V',_',i IK Nil' . t not ma! ow\ile_ ini the .5)(0-051) titti 

ItIl millct dletisk", 'Hid ti,.' M i pKthwct /one. atnd iel KiIMV 8201fot lt o,,wI, itt 
p i attiI 'a 1k)[Iti,, hF isn , ain ll c iies. Ii 1)"7, \soe pto o vI,tIl li t t l ' ,\ WMy) N ot 
, IJ I li tt Im;ulieC\ nilitli n. btll thcru NIIKMP loIorllal so"te\i datcs, iid IK MC I
\it,,t iacliue tlti and I inteidenee lot d'l.cd i,lls in) tie 7(0-9(1) ml /ote.
att tK .liciIet su ccptihle lih'id, Nil11-3. No\, in1Bnrkili ]a!o, at least t, \ al cties eachIiuuhi 

Table 27. Downy mildew (DIM) incidence at dough stage of selected enliies in the West African 
)ownvl Mildetv Variability Nursery (WA I)VN), at five West African locations, rainy season 1987. 

1)M incidence (I' I 
l:nti\ Origin MleCan I lanibey 2 Ma nga'lBegati Kanlt~l,'bonsP Suaril 
701MO5 I Nigria 2 0 0 1 ') 4 
1NIV 8220 IAR ICRISA'T, Nigeria 5 5 5 4 ., 0
 
IK:1 ,VI' INERA,, ICRISA 1,
 
3) 83 84 35! lturkiia Faso 10 28 4 1 
 4 6

I(.IV I k('-C'75) ICRISAT, India 17 6 30 14 8 23

It''m it I I III) CR.ISAI, India 35 4 1 69 
 0 100
N\Jll!t I10 NIJAtY('O, India 37 4 77 30 74 0

NIill 3 AIOMIP, tidia 41 I 89 21 58 38
 

1rial mean (10 cltrics) 16 5 22 15 15 20 

S ii'Lt (11it t I1 ) 9() II cimtt in wo iepltiitins anld twot rows per replication.
2 hin l tui n1tcp jiiN l k:it.l.ctc'fl wt !,itlt<.5 ' c 
I ('lop,) R~C<Ca;lich l /utlaim 

,4 If 'R ISA., I .SAWclil1 ( :111LI, 'ij,'C , 
11IM~ it t n1;I[liM iA 'Ctud(C,, CI.dC i IA IC'titicl , Oi,lC'oICS, lh irkilm 

Inilllt. lfi<,l<,hI edhm lich menar~lbcii, (Ghania. 

ii' ,o.
 
I tlitLc' h01 :\A iC'l till~tl RLt',CAItCh, Nlgf,rii,
 

http:icid,.nc
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arec ,s iIht hlc lotr latrc-s,'al test, and e'xtetsitn 

or the t,, iajot itittll /ones ald s ,.itl 
,at'_,. -('Cd oI thehse t\, propt 5,triCLi ,sas(', 

s5tlltjpiill t (); t et.ii al Lie d %CleIteC-it, 1'0 
tICH', (( )11 I) I i .\.!l ( )r'alliia-andl ieillItL 

tiol t totie rtiitett \;lib l ( I \()) ,oilahorat,ti, 
pl,[ ,;iltall" ill Itlurkio :t 1-a"(, li ,ccdI i i ltipli,-", I ( -(8t. ;tt, I ( , 

til dtci~ tti.i -tl Iiitt, . 'aiet.'a I NiV 

''tetIaa'K tettl 1w\ ( lKI ),t )iltieou\ a,.\\Vthive 

tiNpled 5 kg of hreetler seed ftt\riet\ IKNIV 
,2(11 to ORI). Yctatngt for mitltipIlicatiotll. 
IBhCtlr ttttf ut iou seetf thisv\ariet\'t' , 
tlisti suplplied ttothe millet htreetlr of INI!Rr,\ Itl t 

11iitltifflieitiOlt at the rtluelst of (omit& Itrtttlant-
cmtt tcrlt de Itiluttecotitte a sceltresew utle l 

,h l(('ll , )I , , lau IlN,,A Seedtisttut d S 
Of I(',\ 5 (11%IV 80)0)1) supplied to the Cha 
diii National Programi FA\ ioi 1986 was tul-

pied )ttn ahout ,ha io It),7 for oti-f.nr tests 

antd distribution to lamrcs. \Ve supplied () kg 

t (.1 5 (1i1\" 8001). 30 kg of I(NiV 7 
(II \" 8304). t.d .5ki hot IC"V I(W(-
('75), NI ,l Ill ;ind (IT (1203to I'roijt pio-

dilletl\ it.dc Ni;itinc frtim-larinl tests. \c sup-
plied seed of arity IKNIV,821l to the Natich tal 
( trcals Reseatrchlnd !.Xte, ioti I'roi)gralll otthie 
Iutitut de la recheriche agrononique (IRA) ot 

(tulerooti for Semi-Arid oo (irain Resetrch 
and I)celopmneut SA :(RAl))-eordinattd 
on-larm tests. Seed of' 3 4 If K-I78 (IK kg) "as 

supplied t0 the IN RAN agrouontist for inter-
trtipping studies. lo li.et dveloppernit rual 
dt Niaradi we supplied It kg seed of \'arielV 

I1NIV 8304 and to Visioti rumdialc inttnatio-
till Nali, !en of satrieties I[NI \ 8001, IHNIV 

-304. atid IKMV 8201 for ol-fartl tests. 

SA)('/IC HISAT RteIgional PIrogra ml 

(neralion of Breeding Material 
for Regional eslitng 

lIh.uli intWrodttittms. \\c intirottucul a range of 
matterial Iroi I' l Ceter and from 
Sindi \Ve seletetd MI )S ;asynthetic: four21), 


hvhris. (M II , . II 8,l i7, I('NIIII(A5I1 


-1(14, aud I('\f :1520)31 a'd toul varieties 

V N4.121. l( i V :2(8. Screw 12. and 
Se1r] 1)1 Im l,'t,.'tilll!. 

SWt\tl i:tlpr ttt C t, ,,site hil 5 1ront t.l(R I

-A I ( t r Wt.. C', 

sclettolI tti in_'ltusit 

athl ll I( ,f!'87408 
ilt ) (1',( ,).vierc-( 
in thie 19,7 , r .iottal 

Pedigre Irteding. We altlLted or further 
e\ Iltiatio 141 I, antd -5) S. p tgir,iis deried 
pritttarilv 1t01t itrtittlt titn 1rTr Seticeal, 
I irodttii tilt Nitet. \\'e hive itetierhtui tiu swa

,
ltt ' , ( ' V-SI) "7,0I.,S7002. 8700.i\ tsi i7 
A ;tid SR(M)(too sm_, tie7(104. intrduts "lin 

hiuteditt, i'lro lhlre , idie V-.S )lt,, I(I,' 

,'7006. I(M(V-."IS ,7(t7. i I('NIk-SAi)T't7008tUt 

have tee Oeleted tmo II\1V 84 13 (.tnu',,e, 


ttl are b! ratdtomi matdut miris; .clntitt. 

Ptlulation iulprmrc'll. I:,ie; \e formed 

tmr eoilnpo>ites: Farlad,. \.i l. I)M,,;iit. ltI 
,riStled. Based it Iheiri l",r:0t uAce C ,at lirc 

lo ttiotns ill inilial trial. the Iar and N edit 
(tumpositcs !i\e lceil hiull,ilto lll I aiIh' 
Comlposite (SI.l . We ::'.,,itittd the; l 

(Antuoite (;1)1 <')imti Istiled ('tlpositcS toe 

(SI )I3Oi) ton brolttdc i uil tlltIic . rotill 
tle c three eotttposit-. %\c eted pittogelci to 
forn 12 varie'ties. I ',-Sit 7 1)(t)82(). I hec 
\ill he Iurtlir tlI:s, tlstt itittded illi ';cete'd and 

the 987 SS ,,ldtriasI,.
 

\Ve hiavce 'LlCCted +a1'Iit. io t"ttstitutc three 
ite\\ comp,,itcs: oli l, (;!)I( ii). Intt
medi te Zone ;)l/.( tilt1 \Vhite (tillr 

(SI)WCK),,attd ale rliitlm themn.llatliln 


-rLIlIylrid breeding. 1t- i \be ,,elected 

froto 301 itrotditctiti , r tim !( I V (,unter, 
Sudatltl atid ftlu ia 1';i,. tild ,Its to threee 
uinle-sicrile teters. We ltia .3 ,,J:Jitiottal 

o Wptllilttts rollt 1095 itttrt dtttcti Iom I 

S.A ('etltt \Vc evaluated 800 tcstcrosses 
int ',ig ftour male-sterilc tester, attd 471 polli

nttors atid retaintted 51 o thttt for further test
i. W"enossedl2(),;tewIpollitatts ttfrom 3to 

7 tetCrS tor 'altattot illtile 197,88 seasot;. 

http:oti-f.nr
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Organization of Regioal Tials been identified in 13otrsw,,,na. and Itotll varieties 
INC(d:). I\V(dj),IM1 "(lV-SI)87003, and I(MVWe 1rgalliCd 11 p:l millet rCgiOnal trials,thrcc 82132]in ,Matlawi. fron-larim testinm in 19S7,88.

the I \'aV iti,.c Ilial. I )wav Varieties T ial tive,-ariCtiesl!N( (Id: .I(', V-SI),87001.,87002,
and InIII01ui.-d \ailICiR", I Iial. Fach trial \,as 87007, and R('N NIV 17Q0have been inlilded in 
, IiV n, at 9 ) I,,ation,. wcre rCCCi\ed ad\10-,tlits t! tfiak in aln,'ania: and live varietieshli, >,ix iocaltli,,I l the. lill and the ID\wal (NV-S) ,7001, WI\MV <82132, IWNIV-SD
V inetics I aial>iant Ifm[ li\r Icatior'', lor the 87002. I0-1 P 8203. and N( '(-:) h\c been pro-
Inr n e.d \ ami ., I iml In I i all Vatictic, rioted I0 adA yCnedilais in ilnba \bwCforI ril. I(N l I 3',6 ', the, ileliesi, evanil d 19X7 8,8'.In addition to Cntrisf or rlational and
IQ t Iia ldi cd I\, I(AiI , il (NIll %'icpmal triaIs. \\t !,a\c supllied 263 breeding'.1r) I\N PI ., I( \Is ,-;1.1 I ( .it; ) ') and lines. inClUdilg bold L!r;it lines and SI T(, to

F 818 . Ilih , hilid,. 1iiNil1 (,,. /anhia. and 13 cltries to IC'I-Al ('enter. 
, mln, , . l'le ;ll lilth t-: \bl- t\ (I\ S- also stpplied 72)


1 )I" i i ll evat i t id. l I \ a\ at i I Lesotho. /illlhal h yc, / l ibia., Malawi, 


\v . accessions offinger millet 
and 

ct ic , I Ii Pl N7P ) IL tIni Iou It RI- Ilaul/alia.
 
S.\ --I C l i ltii iyd tic- i e ii 'ai l Siii


1 .- 1 ];1 ) ItlM%\,Cd< h\ \ ( (d ) andlt tVXt((.).
 

It IlId i(NIl h- l SI) 701((Ni1 A - IBlil 2107) lepioial i)ise:ise Nursery
 
p l' t t l ,jiysi ! 2.0I I ci,11) ill Ilic
ni- e il 

lili>ic{l \i ictics I iil, il,,l(yid h, RM Ii-
 A"sin I08'. \y . ec\ aOi)-Clllrr nrirsery\ofdiverse
SI) ,v70> PhI iI 1 . I!HMI NOO l5. VIA('\ eeilol\ pes an 10 locations in five SAI)CC courn-
I(NI and (N I\ '1). Wt\1 also sei.,tcd tries, iilili,,, the ccrurrence of diseases and 

nd; I\I( N\I iif, '0i0)1) ti Invlir tcsti, to deCermn ii iith_rr,vistanee prevoiusly den
ii,till, 1);I ot i il pt.- iI'llliiiCC-ill this and tile r 


Plx k lls \cdi. 


tilied eh'surt islleeise in the SAI)('C region. 
I)iscae lIn\- ve i 'll enough lolo reliable\ C electedI e(I 7 1 i dict ,I cIsi. le cr,- 'ecrtCniIz ii two )r 1ll ore Coit 11ri es fo r ergot,

,la'. i-li~, 0ull anil\liliiation I 729 acCCs- sirit, and lca! spoa> aid several thaines showed 
'lii I. ;lid ill I 'i litiIll ill ti i revciion al trials: eo,)d resis tani e .
I ail -M atlui l, i, K!I{V) Nit- iuil-V aturing)
Ifi-Niat Iiiiy V IU NI I l ic-,lr a-atr\1 in 
Ii), n V. 

We -uici.ci a cereal lovac trial ,! 81 Workshops, Conferences,cnllw M itch Included Svudaln rsSor-gllm,lis iicii peal I lliil llini millet, and liines and Seminars 

deiiveid lon cviics (t I-call millet Pe1 ,i.c
1(1111[l110liif'. (tiil Cilo fili l s \VC Vtl" inter
c"i ed i tll tticrin lines ind \c e\peCt to rapidly West African Regional Pearl MillethCO)HICn 11101-C il l\\CLI With 101-alj7C' icstil , Inmprovemntll W orkshop) 

The arnuail regional pearl millet iirprovement
Varielie,, for Na>tional Testing workshop was held in Cooperation with ISRA, 

from 21 -24 Sepetn her, 1987, at Barnbey, Sene-
I( Ni 1 i\V(.'-('75) has been released as WU- gal. This workshop brought together pearl illet
('75 in /aithia, anid tvo oliemr varieties, I1CM V ,Cicrtisls frol tile \Vest '\ fric.l iegion and pro,2132 aid I; aidi. ai in the pre-release stage. vided an oplortunity a visit and discuss ISRA'slive varieties I IC\Iv\ I \\"C-C'75), I eandi. approach to milletimpnrovment and ICRISAT,
I( "i-2I3.12("1I ,i8213. and NC(Nd,)I have coopcrative activities. 
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Nearly 40 scientists from the national pro-
grams of Benin, Burkina Faso, C6te d'Ivore, the 
Gambia, Ghana, Mali, Niger, Nigeria, and 
Senegal participated in the workshop. Represen-
tatives of CILSS/INSAH, ICRISAT Center, 

-and ISC-also.attended, The. program -included_
formal presentations of ISRA's millet research, 
and visits to experimental fields and laboratories 
at Bambey, and on-farm trials outside the sta-
tion. Suggestions were invited on the reoriented 
research objectives of ISC's entomology pro-
gram. The thrust on the two major pests, 
Coniesta(Acigona) ignefusalisand Heliocheilus 
(Raghuva) albipuntella, was found to be ap-
propriate as they.cause major yield reductions in 
farmers' fields. In the near future relevant coop-

* 	 erative entomology research with scientists in 
the national programs will be established. Some 
of the important recommendations included: the 
necessity of widening the genetic base for utiliza-

' 	 tion in different agroclimatic zones of West 
Africa; intensification of research on millet pro-
duction systems; emphasis on integrated pest 
management research, and increased regional 
cooperation to incorporate stable and durable 
resistances to Striga and downy mildew. More 
details were sought by the participants for the 
constitution of an advisory committee to assist 
ICRISAT in the conduct of cooperative research 
activities. Responses of participants indicated 
that the workshop was extremely useful, particu-
larly in the opportunity it offered for interaction 
between scientists, from national programs, 
CILSS, and ICRISAT. 

International Pearl Millet Scientists' Day 

An International Pearl Millet Scientists' Day 
was held at ICRISAT Center on 8-9 September. 
Participants included 30 scientists from the 
Indian National Program, nine researchers/ 
producers from private seed companies in India, 
six scientists from other ccuntries (Botswana, 
Malawi, Mali, and Pakistan), and 10 in-service 
trainees from seven countries. Emphasis was on 
breeding and pathology, with most of the time 
spent observing and discussing field nurseries 

and experiments. Scientists were given time to 
identify entries in our field nurseries for which 
they would like seed. 

A discussion session included short presenta
tions by ICRISAT millet scientists on three spe

tcifitopics of currentinterest-"Influence of day- ... 
length on flowering of pearl millet", "Re
evaluation of associative N2 fixation in pearl 
millet and sorghum at ICRISAT", and "Compu
terization of the ICRISAT Center pearl millet 
breeding program". Scientists' responses indi
cated particular interest in the use of computeri
zation in breeding programs and the need in 
India for DM resistance (including better under
standing of recovery resistance), photoperiod
insensitive R-ines, new male-sterile lines that 
flower in <50 days, male-sterile lines using cyto
plasm other than the A, cytoplasm, and research 
on forage millets. Malian scientists expressed 
concern about-the DM susceptibility of Indian 
materials in Mali and showed interest in compu
terization and in more collaboration with ICRI- K 
SAT on drought research. 

•
Publications 

Institute Publications 
Plant Material Descriptions 

ICRISAT (International Crops Research Institute for 

the Semi-Arid Tropics). 1987. Pearl millet variety 
ICMV 1. Plant Material Description no. 1. Patan
cheru, A.P. 502 324, India: ICRISAT. 4 pp. ISBN 
92-9066-095-3. (PME 001) , 
ICRISAT (International Crops Research Institute for 
the Sem-Arid Tropics). 1987. Pearl millet variety 
ICMV 2. Plant Material Description no. 2. Patan
cheru, A.P. 502 324, India: ICRISAT. 4 pp. ISBN 
92-9066-096-1. (PME 002) 
ICRISAT(International Crops Research Institutefor 
the Semi-Arid Tropics). 1987. Pearl millet variety 
ICMV 3. Plant Material Description no. 3. Patan
cheru, A.P, 502 324, India: ICRISAT. 4 pp. ISBN 
92-9066-097-X. (PME 003) - - -
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Tolerance to Low Temperature During 
l lowering and Pod Set 

Nip-lht tcmpuraturs hclow 8X'(" that occur ill 
parts of nothrn India diring flowerirg, carse 

failurc f pod ,Ctint chick pea. ITis may hc '.eof 
the reasoms why chclp;Ca yields itt those te iOrls 

arc particularly unstahlc. litirc to set pods also 
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Figure 3. Shoot maiss, wed Mctd,alnd hanrrest index of 12 chickpev p))ultions kelected for their ability to set pods 
al different ties dnuring the Nsirrtr period. Maximum and minimum temperalures previling during pod set are 
also shomsni. Ilisar, postrainN setsomn 198~6/87. 
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enc I ourage lCalVcst iIC. aleeut IC_;6CpothI. E'ffe'ct of fertiizer atpplicattion ((0 or 200i I t low haes indexpthi. ( I(tiii~ kg JI)'Ij ha" ) on grain iici(I(t I 1 ) oif chickipeif 
*(*e (bmc 3CVhTo m l(~s (yoh."s2) at three 4owing (Ilets. (AwlIi((M (ou 

with (0 'Liic-piaoit [Illmleic.'L ill each, %\Tc 

ULII '.I.I III Io c UI IlLcr li.' bri cd l in . W hoLif 
mil i- mLid-.NwI,(.Inh : HII l 0 ) If)A , 75' 
44K.allj1~dc' 221 mIII. tnvi of tHlL',LLILI and4 pod 

sui 

do~Ir 

DA 

021( 

(k! ho.IL 
- --

(I 

11(1 

a 
ill th 'L pol ati~I LI' 

,'cc )LLI I )CCC111l1CI ofi! 

aL~lIclI I bc1\\cIiI 

[hC Ili L. 0I 

I 11CI liltd(19 

I'C lft 
-, l( )LII) 

, 6 "No( 4 
2.!0 
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IIL LtI d ( .A>! I ) I l I(I()It I I L t I I .I I I I II i I11 I;I ItI I I I )co .32 1,0 1d.46 

ILLICO(I( L'ILI) ) 
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)% 
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1 III1 

LIn 

LIIII ) It[1 

L I ' 

I!n 
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- LL I I \a (Ik. a.li t 

SI 
L 

t0.1431 
6 

±0. I i 

IILL1! I 1( 'Ii 1!. a Ind lt " I ct lil() thL'.I.~ uaLIal 18 

Iia' i ll 111 "l ou.L p (d I.' thatll L ')(! t ! " 
SEI t.065 

-- 

hc Icll 00) 7) H AS (I j'. "m' AhII'W (71 ati U ILL l iLUl1!Iphall: 

VfIc cl (h* :" 1ul!clile IICi tckrs oil 
Lao~c-sowi Cv(h ie cw 

IatL'Lt so~wing (47,'), and sijla to idiee9, not-
Ilo ILLILIL,III,),LIc chiI~kjo Inl, lhu changingL iiialI obtb ul in punllhrI.ia I IlLiii the 26 OctI 

cl piLJfL)I7 \'011!I LL111Ii ir i\viI-illY o ti il Ind I Soi g,Ili ill II plLii'olI liii! iI iivVCst inidex ()I 

111II1 ~~W hI)~ILIIilt' (I IIA I C CeiiI IVilig ILo Apart I(rout the I.oLLWii daie. Ili- only w1 l 
Ido.iill t \ :70 l'I h.KIIIL .LIlc 1() liate 'Lom ii. sigii jcaniir ai ll cct \io, I)IIorn I1w applica~tionl 

C\11AL"iai () h(ThI lIl HLIlIIjifIIc l It flUJfil: s of I) AP( that inlcaCi7 t'L l d loi a9(110 t (lit- lateist 
I( I[ Inp O . IliI ilI ;:it( m, mj'. \V.' Iha', IL19L; mi(l\\ I l ate (I lahL 1). lI(iC aS'LIIe IMpLIlati1(11 

t\LLL:LILI. .IIw IllIIL110ilu ~IILLf IIIaim~al (Ii>.Ll tv ito ill ;3 to) >0 plants It- Jll i lt tigllili
plai1l LII l\~ (mL ILaIc II a(I L)iI VI~Cop I;LL\t cliLII\ improve\'L (IC vit'ld Lof tile lai:'t-shiwvI Cro~p. 

IiLIL dI'II\iLI. LoiViIL III 1KK'Ot! hILILKL) No\ Ito of\LI1(11hot D AP tillitil wo in iliclaillg\'icldIat 
f)L WdoIilVVLI \ iI:iI .2!(1! II( 'kIS. \ I the Late')( sLLi\XII( ( i l l 301 1(1-em spacin~g,171 2Y 

A\ILLLLILI RL7(LLIII ,IL1)'L ILL IKLI 5 , tILV III itaiILn I j )AP1'-I.90, hr ipaItiLI lyII\ - 1_55, 
ClIIloA.kI!(Ililt LILd %%CLV' IdtIIIL I.\AliICI Ill ;I I )A P olyI\ 1.26Qkn--hx H111r~fii111tmA i) mo, 

pL it -. () I Ip it ILI, ii! LI. 'I thL IIIi~lio I ill lit! OL I inlil! ' \II il IIti /c anld ittigailoll CIII 
pILL.dai!I LII'Ljo l' ilt-II 'aLh ol and1! CtolIia! IILLII JdiaIIi (LIII pVCHiSaiC i0n 'lC! JOY55 ijCieiril( hL 

.p I LiIl (IciLI. I ill I In.' 'L .'LiLL oI'. Iith Jimt 
wpcJLLVioIi'l. lkIlvl hoILl 201 Idc ill)Ca\iIom'il!1 2(1 

NIL\ iI IHCI.L VI.!Id of I( (\ 60I( ( 32~ )\ % 155 Gentiypic Differentces ill Conitrastinig 
anld LI'Ii \'Iill' Hillii I I I )CtI I.:l Il',C a 28' \1iI (I Env~ironmJ~ents 

LUC1111jloL) I I NII LV I ). I In', % I I Cd 1LI i ll 1 CLIII IJ 
1)111i I I ILI_)L' ;I tII 1) 111C (I I IUILoI tCI I i 1g t IIe pill(I- G'enotypic differences it gro~wth, phcenolog\I, 
doll! LI11 atIionI. illela\LIId11.',waIShighiat the and \'ied were studiedI amlongst cultivars released 
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'a ble 2. A nalysis ofgrmo Ih paramieters of chickpea culIi a'ars released bI the Indian National lProgra or 
Io dlei NW86/87. 

Y~~~~~il~~~(i 0' l~kIl~ O}M11~(M11 
C ittcli I II t(watm i~l WI Lttltnl Cling (d) ]ilip, ltim Ii IM a ,1 (o't1la+, s', (d) I t , 1 %1 a C i) 

I ( A ')SA)-, I I) it 3 44 83 93 2. ") 1, I.1 6 .2 44 >7 
('Cntcl (17 N) 5.7 0.3 2.5 3 .2 2.1 3) 52 

kt.,tliur 1I50 19h4 4 51 79 128 141 2.9 5,0 1.3 2.4 1 .7 .44 58 
20 A\) , 41 6. 6 7 2.3 2. 35 50 

li, "ai 195S 1984 16 70 1(0 130 160 .7 51 1I 2.2 1.I 29 45 
(21 N) (91 116) 67 9.) I. 1.3 .. 7 26 .12 

al thu erent tillt", IM111 UIc it', ill Iidia liotl iss an see! whenid tti)Wll ini the open in 
r'tT 1(.,t'k.Ial t l ])tiIt', \w i .ll l 1 )ltInnd I:I td all it-li i v I inl ac k ttSlI. ' l R .S A.. I ( V.10 c' f 17 N I p e n i n l l ai r ptl+ it il m . ( l(111l ,' \SI A n n uall l ,, t p 19 8v I t 1h cI w~ 6 . 1 3 3 ) , 

lI;1 tli f (.' ItI I il dilIt c ill 1)ie d i ss'stel ll il1\ i ) al l l l ecIt t was ii]t C;ieCv t tli 

II , ia(21) N ) I)l ltl il Ic t.', itoll. lt'llipct.aili(' the litp to 'I 's It 1 ciili depth. . 
C it)Lt d illt ll lili it 1\ 50> Ilowcli),I il t a lw n i 2.3 (. 8.tlti)l t.11 i n Sep 1tc In u986 

(U c. IMi ilIcr cn t nc tiCs , incica ,d \, lihmt i, M ',p_1mli t_.o,.i!h) pt o- bilwtI tieCl i u'hl at \ani I' 
t c itl}it tuf il ,,e lt-.lrt i!s Cas ttn ati l. Ste' , and tilt' ('Mli, ftCIi tl tle w elitClI)M 
I l i't ct t It , ti it I')X7 s~i , ti)' lt('ltillobe. \tNss, lierbcda e it lolly and;l !i ,hlll" i 

f i m' c ( d \ Ic dt "- t i (h I',t l l I ( ) ta p p i ( c
m h'cl  l l . \ \% l'.\c - 0 ) ( d l l r+ I [ t nl ' l l . ht rS t t c lr- c l l l l + 

ilt tl( I [tiet ltitt llt \iLMld illl)ji lI dCilt lttci. t ellt w' : i icc l ,inait dlip cntt'Illand 
1 \11 1itlRIi I ntt.itid Ili ill \ill- Oclt ill ant 1a i)t welhre se c dtth l ii.l).,t Illlct \ b,' 2 
pll ilh 1 ith t1ilit:v im. li\ll 1tile ;iide (Jtl etent cltCandrylcltiatS ttl eae al p iln l - \a )ic 

tll t 1 (d 0.1 '. I-m l s ti "-d a)(t 

ti ':lld cl i lt (iv'.allm. clttnillu by upIt) cmdcdl a dlwts (ii%ie 23 Sp n1980.I nitially.
 

thr, , it tlyl .. hil the lil- .; t es d(blaClni 'hilt., abnli vi t-f

(dl I, ldr I L - Ic il the w Cal vi-,wats i ll dl sllly, file
 
iil mror ',he, t!fCitcktCd bi' the lss\ll I
.cIcnt Cro pniilticC rptt.\ thCllIiandtS V'ciV 

t tt dilh c , each hicatiPn. \l\ dealI,1 reaten, ntt l yItrlast lW tkeI h,., , a u t l t l l i l 2 i (ilt (,19)X 7 88," c a o O-cl~tll(O)Cr',t il l' v We a t h er I'cT 'A MlC MlOI Cc l ddoy a n dl
 
%\vi l l i L\ t l ; t l' I c ci l l t m n liwl. I !. t;t k .' l i , ;t inls t d is -
 L' 0 1 l,t h d i l lc r C 11cc S-h C C a l l C Io Ss C o n f ic u O Ut,s . 
C';h't' Mt ll mt' l t t t c u lti\'irs i ll li n ge rf ( ) c t. p la n t sa p l es s:.;c d [l t l li dt tl ll 1 .2 1(O mn \ \ Ce a s-,sc l lo -

J ik t' . WV a l t' ht Ltua lltl t"ll la ti o ll a n d (i f v nl la s (d the ac tt i l p a lr 
Ch l( t' 1 ) h U il ,cx tC l t ts ( I a ble: 3 ). 

(lI \;IeLtapI il tItn s tI (i t1IrII IAt by Part (i I1 l, ltI tiduratiot ld c chicKapc ' 
detailed Ceer il;li pittti lS ls atId la at, i lon(tMar - alho kaI i7i chickpcalt thet inlpl ovcllt't, r du c ap l icc aS nlttCh d~yr~ l t ,t\ ll+tt

tr inl the white 1)(t,, ats ill the blahck pots, while 
Annigcri and 1('('V ? M1(('1 X2001) showed aI

Impl[rovingl Mie W iolh oft (Jhikpea lespPnanc rlnns.I;lt I IlHand [('('V 
Plankt inl Pots 2 (1'('1. r20 intI)i.lutul la\.twfahl\ tow\alor 

c,.ling.
 
U1nder exf, rilnental cminditions at I(RISAI Hammcsing. starto"lhmn1 It'lec 1986andwas 
(.mmer ( Ar'r Nano prn,.uccd twice as nuch counplhtd byO6Mal 198"7. lDry slhoott asses and 
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Figure 4. Chickpea I)lans raised in bluck, white, and water-cooled pols, ICRISAT Center, 1986. 

Table 3. Dry masses of chickpea plants and nodulation scores for different pot treatments al 
ICRISAT Center, 21 Oct 1986. 

Mean 'iodulattion scor& Dry mas- aerial parts (g plant-') 

Pot lrcamicnt lPot treatment 

Variety 1Mack White Cooled Black White Cooled 

Annigeri 1.0 1.9 2.3 0.55 0.71 0.89
 
Pant 6 114 
 1.1 1.4 I.I 0.29 0.60 1.24 
ICCV 2 (1CCL. 82001 1.3 1.7 3.7 0.85 0.87 1.69 
Rahat H) 1.5 1.2 0.58 1.08 1.09
 

Mean 1.1 1.6 
 2.1 0.57 0.82 1.23
 

SE ±0.37 ±0.22
 

CV ((7) 3.3 
 35 

hca ilyI 0 = nn nod uiitiow; 5 -- inoddulitetj, 
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Tahle 4. 1)ry shoot mass at harvest and seed . icld of chickpeas from different pot treatmenls, 

(10SAT (enttr, 1986/87. 

l)z ' 	 Iioi t \,.,, t,! pot ') SCCd \i'l ,d p(gt) 

Pol IMlt'Illct'll P01 HLt'Mll C1'll 

'a '\ Blac.k V,'fitc ('otled Black \Vhi!Ct COOled 

.A\itiucri 
lit (i 1I4 
I('( 2 (1( '(. 

,aht 
82001) 

21 
29 
13 

40 

2t) 
20 
15 

5,4 

25 
47 
26 
64 

39 
32 
41 
24 

37 
4i 
38 
24 

42 
49 
55 
24 

Mean 26 31 41 34 35 42 

Sl: ±3.7 ±7.7 

(.'V (1 ) II 21 

sed yields are presented inI [able 4. ()hioisly, covered by mulcles of sorghtrin straw, and rice 
the initial diffci ncCs bet,Lccn the trcattnCltS, straw, a thin sprayed-on laver of kaolin, and 
c\ccp fir 1( '('V 2 (!('( 1 ,20)), \,,c, nt po- white cotton cloth (Fig. 51. 1'h net plot size was 

pilitMItec tiNaittait'd utili] hit1 . 1th tiAl 2 ro\scach 3.5-i lote I 'ictrmils with 2 rCplica
-lts ,li. the ,,iti\ ,I chi'kpca.i o il tions of I('( 'V 2 (' 'I X.,01 ) and with 3 repli

tctupvtututcs ( ui~'(u td.1 (',,rtt)dav, It 140) caltions of ('('V 6 ( I('(C 32) wt s\llo oil 
1 ;it I -cun dcptil), which \ crc 33 0(" ftor the Nov 19(-6, and with 5 pli .,ionof l( '('('37 on 
li;I:(, put'),. C for the whitc pots, and 17 ()ct 1986. Soil ttIpCr;ttorCs \ereICoCrded inI 

.. ('otl hC %atUI-COIClc putsOVlrl a Ieriod of 2 rcplication, only duiti 1(1 days for IC'('(' 37 
I (iav',. ( able 5). 

As is iibviitts, the \whit cttOn Cloth cover 
,Clits_ d iln'rcasc iII yicld of I( 'V (i I('(*(' 32) 

(3(7) and l('( (' 37 (171 ), it not of l('('V 2 
Soil-cover Trials (cl '(.'I 820)1 ). Ihe rCsult SeCem soeinwhat coin

parable with those Of the poi trial dCsciibCd ii 
Poti C\i.\perinicnt s with ('iccr species, inc,udinc [ablc 3: Annilgeri , I ('(i( 37. and 1(VCV 2 (IC(('l. 
chickntas,, stigcest that siiil teInperatnlres hia\'e a1 2)) adapted l tOfIoIhC -rowing ctiit(ItOins 

un1i kcd .ffect ml pl)111 ,i\lli an l,iitnass pro1- peninsilar India pCiformcd similarlh in Ithat 

ductii it1il:t .+inditiilui+ i1rc\'liling at1ICRI- respect while IC'(VV o((I(' 32), Pant ( 114, 

SA I C'titr(i( l( -Al .I\nntillRelportl"8(, p. and Rutbat are More I sInteId forl ireais of higher 

I33:\ mid tt)' , wnd;liv ). \Vwcrc therClorc laithud, moIt iCsposive to the blackse andt secm 
mitealtcd !;liti, if such tetapet atlllure efctsC, and white pot difference. Ilie dat flurlher sng

ilk( Affctt lIiCh- -I1',A cLhLeklpe,, clriips>. We Ctll- 1Cst that soil tillperatilrcs, withlin tile normal 

dftictd trial' Ill (twi (f1ilfetrt liehls with thiic rail, eobserved i I('RIS\ I('Cente, allctchick
lifftctluit witi il, sOil c \cled \,itlh diftcrCit pa Crtlp .growtlh, that getnotypic dlifferCices 

tiiltcriali to lower it's temnpraiture. \Vc sCl Cxist, and thait delibcratlC sc'rccning IOln iCsistance 

,lsirt -and tteii tttuatiiin kabtilis I(('\V 2 to high soil itperattiresc.an possibly add to tih 
R1+'('T 820) 1) and I('('V (it I('('(' 32). and it stability of the Ci)p uinder the conditions exist

shliI-ditrtmioin dcsi I( ( '' 37. 1lie soil wa in peninsular India 

http:itperattiresc.an
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Figure 5. Soil cover trial with chickpea variety ICCC 37, ICRISAT Center, postrainy season 1986/87. 
(!.Sorghunm straw, 2. Rlice straw, 3. Kaolin, 4. White cotton cloth, and 5. Control). 

Table 5. Soil temperature at 10-cm depth, time to 50% flowering, time to maturity, and seed yield for 
three chickpea varieties in soil-cover trials, ICRISAT Center, postrainy season 1986/87. 

Soil Tinme to 
-temp t¢'C) Time to 5,9%flowering (d) maturity (d) Seed yield (tha') 

ICCV' 2 ICCV 6 ICCV 2 ICCY 6 
Il;catmcnt l(CCC 37 (ICC!. 820(01) (ICCC 32) ICCC 37 ICCC 37 (ICCI. 82001) (ICCC 32) ICCC 37 

.wAx
Sorghum mulch 27,9 35 61 43 95 0.6 0.8 2.1 
Rice mulch 29.8 .34 64 43 94 0.7 0.7 2.0 
Kaolin spray 30.1 33 60 401 92 10.5 0.7 2.2
 
Cotton cloth 28.9 33 59 41 93 0).7 ,1.0 2.3
 
Cont rol 31.4 33 62 39 92 0.8 0.8 1.9 

SE ±0.22 ±-0.5 ±+0.5 ±01.8 	 ±0.12 ±0.06 ±t0.12 
Trial mean1 29.6 34 61 41 0,6 0.8 2. I 

CVQ,%) 3,3 2.3 1.4 4.6 25 14 13 

Biotic Stresses 	 (Ascochyta rabic,), and alternaria blight (Alter
naia alfternata) in parts of Bihar, Haryana,Diseases 	 Uttar Pradesh, and West Bengal states of India 
and the Terai region of Nepal. Ascochyta blight

Disease Situation is rcported to have caused considerable damage 
in the'?unjab and Northwest Frontier Province 

We observed the sporadic incidence of botrytis of Pakistan and inSyria. High incidence of stunt 
gray mold (Botrytis cinerca), ascochyta .blight 	 caused by bean leaf.roll virus (BLRV) occurred 
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Ilk 

%aaillst 

4.il 

ligurv t. (hickiwa planit,, sl mwing galls. oil rtoots 
ctuosed hi root-kiot itemtotti .llt'Pi/oi,'llt'j).Rin-

ptnf Nepalti, II'98 

in P)amt of peiuirsuiar ana western India and in 
:t hit fda. R ot -knot nienat o-es ( 'Iloiudogvnlc 

,,p! 0tt:ovcd all t iv chickpea tiriais at Rampur in 

(HItsarium "nWItuau,-,j.-;s~orum f.sp 
AM)'F 

10htS 6'(i 1 i. Pt sa 212, and at 
c "iiiti't'Iit hatis heeii dcltiiled, fiost of, 

111vil ;iii !ii0-0tlt2ie.Il1-seud ma"s 21) 
!2;. !1 i'dt i (Ie ttil\ IaineT-seeded linet(: with11 

'A> s~li \\sc haIKnsreigds 
I itll icces IIiilim Ihe ( 'R ISAT genIti 
hi. sn Hii Ilt:3 

! cinei thu 19X2 03 sewNn, 372 mc,:essions 

\,(le 'lOkii ini lie will aull i(t lois plotii at 

1 ( ISA I ( eater I ach accssion "is sown1 int 
!-']1 1nIS %5fitll abin 50) seal' )in radhi eplication. 

lie 'cud"' ,oliLClect I n. t le snrsIi' i%i plants. itl 
accv were tilld iettsted if hWeieelltis ittl kcd 

11),X 8.4 and( 1984 8'5). 1ihe disease incidence inl 

:W al three sea oins Iur tile aicce"Sioiiis that showed 
Ice') I ian 2(1i iiiflitalit\ ill f ie( thirI scasihil is, 
yl~cfl i!' I -.- e: . I lict. six hneit. each \61tli a 

~~100- ccnias. ot Ii thatni 3(0 p, 'see pnritied 

hif ill t ".ssaiitu.Al(l I~xllfw 5:tris tested 
R~ice tI 4t.\ i nolI. spttmt1!I111sf,) 

pol iltIec d her Itestciew~ aitIfig wsan 1.c 

alli H tCin Iu C titI lt*-'' I'?I NetlI(i-

Ru. 'oiiet 
*Uj nl I // 

I lie ahseitee o l t i l: lific. MICI (wittst 
i po s anid t lie )iiI 'ol plant",fdis inh 

Muii)L d race iresisianicc Alt ist munrace'. ol 

- . \ i.plfm,,IJ I.Sp c'i tO ;0C prii iiiih 

I he isole rpmeient at 1( Ri";'Ai IC!hii~ 
Iii JRiee We 11ire sti [al Idithlit'll nI eei 

flaisi tssiTtils iaiiiw I .ir' . '\Vc ,creeim-, 

all ths ssil." Jtiti alico. iin Ill ~eiit 
ago s Race 2 ( kari ni tla ce 1aViiisanil 
idcifllv Ane wit h miii i pl rake icsn a 

Tablei 6. ( hick pea Itsi periiiphismt accessions 

N~th 1)01! nvvtif, and fiisnirimn will (lxari,imi 
o.y'.vporun Lsf) cic'il resist~mct'. IU SA 

tiltI.-ai 1l)8 1(913 I1)5) 100t-ets 

;tLT'Lisa 53 11ilss1' 

~ 114. 7.; 49 20i .3 1 
j( 'C '74 31) 28 10 ?".8 

Sn'1) 32 13 37.9' 38N 

WCao(6121 55 45 5 32.8
 
ICC I 11,1 413 501 1.3 30.2
 
((U 111.7 53 40) 13 31.2
 

(mo!0 

Jti 112' 100 100 100 12.1 

i Sttscoputlc to %kitl antd t'oil nis. 
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WC root-i noCUlated 7-dWy-old seedlings with 
7-da'-old inoculum and transplanted them into 
15-cm plastic pots containing preirrigated steril-
ievd soil (\'crtisol t sanlte l:1). We oscrved the 
platts Ior ,\ tptoiis A, ill thr uer (4) d s\. an!d 
found 52 lines rsistant It) Races 2 and 4. 

Off-season screeniir+ fbr Mill and root rots 
*'eisitae ot W'ISA V (enter. A t I('R ISA'I 

(ettt e nIs'csncrc chickpeas for wilt and 

root l ot, rcistincc ill tie field dturing tile post-

a t .asotill. lI re-scal, ficld scrccu,+ii in both 


tILe lu'iil (postm;iin_) seimid ain off-seasonl 

I11115 e'ltill accelcattc ()u: lesistance blecdilq, 

%%Ulk. In Il wVt.attc;Iilctj t t"al, t br et 
iin t iattial lo wsi Int ootil ltot I sistan
- c (]li 
il!c thll IniV sa illt lthe Inilliph. disease-sick 
pit u niatic A total oft 380t huepIln shelters. 

\icc .sos ii ()nl lidue, c Ill ipmt ol 31 .ill 19,M),
,(d 

till tel sit-sIs i l c:ollt:ol fine11.h(1 ')2 
Spit.eiudl ui SLISr test \\5. 

ill itneappi lt in tilec "stscptible eont-
I .la~dvillci i'Srin"l)ASKthercsta IO)K 
! I'ltal atliksmal hIitcl. I )I\ lot rt (R'. t, 

l :lpateill 
Mei llrh muia:'.111611t1tluperMtiricxc,:c(ld 411 (C. 
<,creeninn, Ior ilL iti] drS 

lb tc'0/ .o itr Aioiit 2 months, 

toot tot iqle tist-iSl s 
:-tl(.Ylisc arid thlrr\ Sla 

McCl! postl lainsy' u111draiid 
liion il tie lilies to wilt. 
iHieidCtCC tkas hililiest 
scison ciiiIp':ro:J to the 

a INod corrIlation be-

i Ons ill tile teat'-
I!fo eScc, ill V root 10i 

id earlier in tile rain
p Is,rait'iseasli. 

Iti the 1987 ains s:ii)i. ,x :.ain successfulls, 
Sceiecd ilntde the plasti shelters. I he plants 
"'t' lso)siiceslulls ,elys ted Ior \vilt aind root-
-otsr,i',isiancc ill tie o)peti flicid But in lhe open 
field. ;iltic ssitli %tilt llt'l. riu, ti t ',t'sif-
i1u1 i,/,'ll si I ilunld 1' b tille ed.iuiililla t 
pathl cti md not 1R.bala+ieo,,,. Ilie high soil 
illistiure seeimls 1to have' itvocd hlack riiot lot 
inciduce iti Ilt rainS staotl. 1hlt crop w as 
Spvelayed with I)ithle V 15" to controtlcoll leot-
richuira blicih I " o/ll(I'oItriiii1 ,fts/i(., 

Dry Root ot (Ml!i,,intona bIticobi) 

Influence of cropf)ing systemis and rotatiolls. 
I/]iloctona ,ataticoia.swhich causes dry root 

rot in chick pea, also affects pigeonpea, ground
nut, sorghum, pearl millet, and many other 
crops. Obtaining rcsistance/tolcrance to a fun
gus with such a wide host range is difficult. Hnd
ing ;I cropping system or crop rtatcin that rcd,
cus the fuigal population ill the soil will be very 
isclul in the m:magunlcit oif diseases Causedhby 
R. /aIlatijcia. 

Ihe serotial io)uIlatioi o)f 1R. b:1'taiolawas 
estiniated by the Resource Nlanacuut Pro
grai ( R NIP) ill il aigroiioiiy experiment where 
the h(rg-terl effect, (it diflcrelt Uropping sys
tenisand rotationsonthe ,oilfertilitv' fa Vrti
sol at It'RISA ('citcr are being studied. lhe 

e ileienti t has I cropping ,)'Stelns and rota
tlowis and tlie sclcrot l po utiatton before and 
ifler the 5th"year of the cxperiuent is givcni iii 

Table 7. the clerotial population before sowinc 
was generally higher in the cropping systens 
whele chickpea was thc !:. t crop an(] lower 
where salfflower was ;,Ist. Ihe sclrotial estilna
tiotls at crop harvcst indicate that the population 
w;s gerierally higcher in systems where a sor
gh iulptlg petoli-a iliterirtI ) Wsi 1li)OWti Ino tLi
111n density in the soil was 1,Crieially reduced 
wlcr- ilie plots were lcIt halo\ i in the rain 
eason. Also, Sole rolpiic ss\'steiiis ini gelclal,
 

reduccd the funigal population, compared to
 
niixed cropping.
 

list (I irn,.ce.s'ciceri-:riefini) 

Life cycle. Rust occur., in varying ittensity 
sliceceer chickpea is cultivated tls occurrence ir, 
more cOiniiniuiu in northern latitudes where the 
cliniate during the chickpea-growing season is 
cooler arid more htulid. i'le life-cycle of this 
pathogCi is, il vet, n0t known' in detail. We 
therefore stldiCd the life cycle of tile IclfngS. NYe 
obstrsed that chickpeai ilist is ruacrocyclic; that 
iS. it produ'en ur'dial, telial, basidial, pycnial, 
aid aecial stages ( iig. 7 a and b). All these stages 
are fould on chickpea. thcrefore, it is an atito
ccioiUS ru[st. It can(yover-wirtcr in its uredial or 
telial stages on chickpea or uii a collateral host 
( 77rWone/Ia pol.vcrata). It is also quite possible 
that it may have a wider host rainge. 
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Table 7. hn(culum density of hizwetonia b aticola before sowing and at harvest of rainy-season 
crops in the season of the Vertisol cropping-system experiment, ICRISAT Center, 1987. 

'
 
U'lop Cwtlh~inll iolll,
 

Iir"Imil Secmid \car Sclerotia (g 1) dry soil 

R:nx wcson Posliall\ Chaol R;iIV St.;IM) Pol~tainSl selson IktorC sowing At hlarvcst 

S I'T S I11' S S1. 1.8(1.3)1 9.3 (3.1)
 
S SF S S1. 0.01 1.5 (0.9)
 
S P)P S PP S CP 
 6.0 (2.4) 14.5 (3.8)

S SF S ('P 10.8 (3.3) 3.8 (2.0)

S SF C,P' C PP 7.0 (2.6) 4.2 (2.0)
 

Ct)
S CP S/ Cl' S 9.7 (3.1) 4.2 (2.0)

F S 
 F CP 12.7 (3.5) 2.5 (1.6)

F S F S 9.2 (3.0) 5.5 (2.3)

S CP Si PP SIPP 9.8 (3.1) 2.8 (1.7)
 
NI S M S 8.8 (3.0) 6.0 (2.4) 

F CP F S 9.5 (3.1) 3.5 (1.8)

S P)P /PP iPP 
 PP, 6.7 (2.6) 21.0 (4.6)
 
S CP S SF 3.2 (1.8) 1.8 (1.1)

C P' C/PP S SF 0.3 (0.3) 10.7 (3.3)
 
S SF Si PP1 S !F1 6.3 (2.5) 4.7 (2.1)
 

S1 
 (±0.19) (±0.32) 

I. Repeated in2-.Caf C ClCN. 2 (C - (npea, (1': ( hickpe;., F: Ialhw. M z itng bean. P1) Pigeonpea, SF Safliower, S Sorghum. 

,3.I'iuc,it) patellthc, Sarc Sqttalc root transormations. 
-1 Ixcluded 1miulSI calcultion. 

Figure 7. 1'redial ta) and telial (b)stages of rust fungus Urontvces ciceri- areting'on chickpea, Pantnager, 
pIsirainY season 1987. (,Magnification 400). 

a b
 

- • '2 . , 
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(;ray Mold (Botryti, chierea) 	 1W. 

Selective medium for Boiis cinerea. We ce V
 

\'Cloped a selective medillin to recover B. Cliflerc i;
 

Ii It plat detbris, lcases. lowe S. C!c.. I lit
 
tLelIiiill CllSistS (1id si chickla meal hrio1h
 

iII;Ilc at Il(RISA I (nterC (I(.<ISA I Amnm; I
 
R 'prl I",8 , p. 1 3 -131) chlhllraipleili ul,
 

) tcc I 	 P( "NI ,i ntd Iu;II ... cI mIlns cth lII i

(IIh I ae I that Ion
f 1)1 ;1c 	M ilih) .Altc i it
 
, u r :
I5 ( IM 7 1I)d; tInII Cyc I Of 12t11 of I a
 

titIi ILhtlinht iuuil 2' 1t l(f In s, B.c/nh'!Ce
 
,
pl~dlt.", 	a cliarate'itic. Ihitishi to ;t'llost-

II lm\a '.'Jtl il d . l ;i mI hc :tt) woutsi 	 m I, 

I)[ OdcII s it Cill iiCM aist W, It 1 tenh t Ii 	 i inlet\k 
hC]('[ ~ ,;f[i i'l a rc S']lll4)II);l1Ill ~v / l / II 'dl 

)1 11m \,l'ch th 1vlbl ofol.'.Scyt 1,'l l , Ild duct )[ ll" m 

t 'i lt l HI hIli t-ll m lh.,un c 

Source, cf risistance. Niore tlhain 70)0) chick
peai iWccesills IIonill .N' \ l' 'Illl.Ilc 

IeCtItI las II st.CCi'ed 1i ICsist;llc tohi tVi 

hotF il", ;rI.11lial ilf
!: ,I illo d 1!11(lc e i v lotics,': 

Ills lit 	i Ill thcres illsidt antimin oln India.h 

S a111 C hi entry1-ow1 is aI3 15in,' 1s1iWlt. inl 
rp Iwit'litI sascepFich c tilt si II epit3 Figure 8. Bot,lirs cim,'rea, growing out from (he host 
a-lter ti cry1 twNo tC-,tentrieI.[h ieut is i ,ctil It(issue placed on Ilhe mediun. (Magnification x 4). 

latcd b splravine a spoFe .USpcnsiin of I. c'I'-

Fcd FIIltiplicd oll stcrili,'cd Maio Ild flowVr at 
ihe timc i l hiiii 25',, lowerin and 2 3 timeis at 
10 I5 da'\ intervaPi. lhC nursery ,sfrequently 1069, ICC4071, and ICC 4111 were rated higher 
irri,!gated to ,aintainl limid Conditions. Il k in the greenhouse than in the field. 
atccs.ios tfIat show a ratin Io o le!css on :II 9 

scalc, where I = disease free and 9 - killed, are 
re-evalnated ill the tOlIIwin~g seasons. CIt ivars Stunt (CpSV) 
that are rated 5 or less tindr field Contlitiots arc 
evaluated itlpot'; it a tcilhus Elpidemiology. by luteovirusice at ICRISA F Stunt caused a 
(enter aigailrt two isilates IArangabad and setrologically related to bean leaf-roll virus 
Paitnaga r) of I.cimcrca. (BI.RV) is the most important viral disease of 

A list 	 chickpea. It is not seedhorne. Under natural fieldof 17 accessions found promising iii field 
screening for 1-4 scasons and their reactions inl clnditiotis the disease is tratnsmitted by ,Aphi.s 
greenoiuise screening against the two isolates is cr'ci'vora.At lisar in nortilern India, we moni
givenin'able . Ilst oflth acessiiis with low torcd the dispersal llights of this aphid over 

diseasc rating., ii field ,screening also had low recent cropping seasons by instafling yellow 
ratings whtn sC.reettd illa greenhouse. 1('(' sticky traps and yellow pan water traps in the 
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'1'.ble 8. Performance of 17 chickpe-a cultiars against botrytis gray mold (Botrl'i. cinrea)in field 
tests at Pantnagar, 1983/84 to 1986/87, and in a greenhouse at I(RISAT ('enter, 1987.
 

R~itjne ,it F';Ilntl,lL'iU' 
 iilitng in glee.rll)Ione' 

*\turar .'lil l);l~ln1 i)!: r
 

(ultivar No. ol tests Mean ralti S1: isoIt 
 isolatc 

IWC I;1302 2 2.0 ±l00 N I NT 
((' 1069 4 2.5 ±0.50 5 7
 
IK' 12961 1 3.0 ±0.00 NT NT
 
I('( 4111 3 3.3 tO.67 3 7
 
I(* -178 3 3.7 ±0.67 5 2
 
IWC 3390 3 3.7 ±0.67 3 4
 

I ('(' 30 11 3 3.7 ±0.67 3 4 
IWC 4071 3 3.7 ±0.67 3 8 
ICC 58931 3 3.7 ±0.67 NT NT
 
( '" 6299 3 3.7 
 ±0.67 1 4 

I'CC 1762 2 4.0 ± 1.00 5 2 
W( 2547 2 4.0 ± 1.00 3 5 

1 2548. 2 4.0 ± 1.00 3 5 
ICU 260 2 4.0 ± 1.00 3 3 
( 3603 4 4.1 ±0.58 3 4 

IWC 3118 4 4.5 ±0.96 I 5 
1(C 3598 1 5.0 ±0.00 5 3 

no , 9 ew1. H; ,d T I 9 sc;il. x, cIC I ,1mplom : killcd, and N I z Il fe",ld. 

CpSV nursery. We obscrve(d peak aphid catchcs 
in November, closely followed by the appear-

arice (f st tint symptlnhs fn the crop. 
Invcstigations wCre carried (lit to find OUt 

how and wherc the aphid vector and CpSV str
vivc inI the 141 (ral y)-scal()n. Rainy-season food 
legnir ;es SI'ICIISIS), g11111d--Stiuc1h as cow)pea ( VTlI 

ntLiI, and g11trecilg ilI ( Ph 'tisco Ills a 1lueos) Coll, 
(I(jlny 1:rown around l lisar wcrc tound not to 
habor thc aphid vcct(IF and ('pSV. Htowever, 
surveys during the 1986 87 cropping season 

around tlisar showed A. craccjvora to cXten
si very colonize '/'it, til.s !crrlcstr.+s(ffarnilv:Z , po

lphylaiceX atc01-ommo \c c~en along thle field 
bunds and irrigation channels (Fig. 9). \Vhen 
these a phids were tra nsferrcd onto pot-gr()wn 
healthy chick pca plants (f stUnt-susceptible \VR 
315, thcy produced CpSV symptoms indicating 
that TF terrestris harbored tle virus. 

Figure 9. Aphis crtccivora, a vecmor of chickpea 
stunt virus colonizing leaflets of'/ribututsterrestris,an 
alternate weed host, Ifisar, 1980/87. 

. .w , 

, 
. 

',0 

,., 
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Callia agent. Wec cotliccied chickpea plats to twilt are available Ini thec cultivated chickpci!
 
'11(mx*lie ttint .\ Ilpitoillsald Iiiaiiitaiici ((itrrciilnttic N Ieeil tiI~llne
(t\1iCal 
icui lit ;tiI!craft ilttetilatittn. \VC \utl teSistaliec to a~cocltmt abliplit, gla" monld.1)" aphtidan 

putt! ted tlithlcitett I, plaiitN h\ itttt-ftiitN itiild tIttltijlik di1"Casc Weitite]itN iiiltettd 

IftaitH1,iti Vtttlt poklY titt'>discil"'u Ill OILe :I% iililtc .aIluI IIctlli(Lt ,t ptecipititott \titli 


I-lin~~~~IlliepclAl! h-1tillte Cl!Iwyjl 1it 111) int 1?cl." icli 

Itd te- tm I f ai t C f IIh\: it ((t /it'It cttilii Nea tN itt IIiIl oNItI.Iijhj I t(I ) at twi

itweiliw iii I tI kiui 1()1t\'Ar' mi it it)jidl'.al ti~ ut I(i%iltpi cII i c L'rclicuu~hill) rIm N\III, I (liI-s\ 

%I I e~~~~~~~~~~~~. SL W IV i ll0 1 tl (1 I p n I o d m' 

4 )~ k 1LLd A l t l ': ll l i lt i " ' lc I - w c i lc .. \ 1 1 m d [ )0 [ ) "%, I ' il 

v~l9 ( '\ h ; ,h II 1:/ Iw llk d .111 i) it d IlH C\ 1iid 1 0 0 ,W I A il W I 
',L ~~, 11)\I ~Hd H M~hL1 Il O - C I A I(ca ,(I t cd 
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Table ). Ui.a;lioll of %ild ( 'eer sp)ecies to ascoch*ta bliht((.A Woch.vla rabidi)and l)otrits gray 1mold
 
(Iotrrtis inert) in tlilt greelhotse :'l(dto jilt(Iiu'iariutn ox-, ortunt f.sp Ciceri) and root rots 
(?hizoctonia huaticolt. R.%oluni, I. Sohmi) if) field lets, I(I~ iSAI (enter 1987. 

.'\(IIWt'~ ll' t illcit' I. l d h I h 

[ ~ ~ ~L d .]fill: wL Tillsd 

IiIttl lclAIICI ta I IIL'Iota ort -

W ild (oer ,pp ;iccsciln plail, 21 dft',s, p lnt" 21 (it.'x plankt, litvCi 

(./l/i'gti \o(.200 I0 5 Io 4 26 0 
( . /'Il.( ilu N1.21 1 

.1.\ 1 2 )0) 
U /,Unnk'iiniI \1 2 I3 

h ,w: m'ii,iln I \, 22 
C. ,1i',lN' s I I 57 

) 

9 

10 
, 

9 

4 
6 
5 
9 
7 

1I) 
10 

10 
8 

10 

4 
6 
4 
9 
8 

25 
3(1 
24 
9 

73 

17 
8 
22 
31 

, 'hm,,\,'vilmni\1.204 
C(himi, p" mum ..21.33 
Ilit ,limNil. 1,2 
.iod, ium No.183 

(Iin/ mi00No.185 
1'/ohniam 

NI 2 

1 ( 

10 

II 
t0 
9 

NT 
7 

5 
5 
3 
5 

NT 
10 
10 
10 

10 
8 

NT 
5 
5 
7 

6 
5 

16 
NT 
72 
86 
97 
90 

'4 

NIT 

33 
21 

44 
31 

I' m'tiobehin Nil. 188 
/nll/li/an No.18 ) 

il'in tl,'/ihii Nt),.1 
( /,'1i,oh/mni N o_2, 

. f'[io/(11/1111 21100 
I 'Cl 1hllim IM 2105 

10 

1O 
10 

NT 
10 

10 

3 
5 
3 

NT 
7 

7 

10 
8 

10 
NT 
10 
10 

8 
8 
8 

NT 
5 
5 

77 
63 
68 
43 
35 
25 

29 
11 

98 

I0 
100 

88 

I t /l,/ .IN 21110 
It'll(NI/lln 211)(0 1) 
tI il/lIonm I.I 2106 (a- I 

in 11,w NI 202 ' 

/,."t,i J. \1 )022 

9 
10 
NT 

10 

11 

7 
7 

NT 

9 
8 

9 
10 

NT 

7 
10 

5 
5 
NT 

9 
8 

26 
27 
24 
46 
44 

92 
100 

()) 
91 

93 

C'mll o1s 

I'h 7' 
I!2(1S 
.(1 (2' 

10 
NT 
NT 

9 
N'T 
NT 

NT 
10 

NT 

NT 
9 

NT 

NT 
NT 
55 

N 
NT 
100 

1, R'ANLtl l I 1 I Lt',IIt',"M\)CI I tnll e~flcted.andl tQkillcd. 

S\ I 
.3 Sii 

Ii lt 
t'l~i'prt"ii thteht 

\k. W WI 5 NtU .CphIIh _ 1 i) ll 1 11d 'I0it iiic '\'rl 11\ test, rnl '. 

had resistance to ascochyta blight. Three acccs- 213 had resistance to both wilt and root rots 
sions of ( bjufjum No. 200. No. 201, and .1M (Fig. II). A single accession of C. bijugum No. 
2113 had resistance to 1;ot rvtis giay mold. Three 201 had resistance to all four diseases. 
accessions of C. bCiugum No. 200, no. 201, J M 
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Figure 11. Wild ('leer species ('leer bijiigumNo. 200, C7bijugurnNo. 201, and C.bijugurnJM 2113 and six others 
showinlg resistance to wilt and root rots iii the will and root rots nursery, ICRISAT Center, postrainy season, 
1986/87. 

Screening chickpeas for wilt and stunt resis- growth acts as a bait for the winged aphids 
tance. For the past 3years (1985-87), we have throughout the year. 
screened chickpea genotypes against wilt and Previous studies at 1lisar showed that stunt 
stunt in a 1.3-ha area at Hisar. Wilt (E oxyspo- incidence was high in widely spaced crops (row 
ruin f. ciceri) issoilborne while stunt istransmit- distance 75 cm or more) sown early; i.e., in the 
ted by an aphid vector, A. craccivora.The wilt first week of October. In order to monitor wilt 
and stunt disease nurseries were made wilt sick and stunt incidence, the susceptible control cul
by incorporating infected chickpea debris for tivars for wilt (JG 62) and stunt (WR 315) were 
several years and stunt screening was also con- repeated alternately after every two test entries. 
ducted in the same area. In order to attract the Over the years, wilt incidence in the susceptible 
winged aphids that carry the stunt pathogen ito control has been high (100%), but stunt inci
the disease nursery, we sowed mixtures of' dence in the susceptible control varied from 50
legumes such as cowpea, mungbean, lentil, 90% over different years. In future years, we 
alfalfa. and lathyrus. in 10-in rows around and hope to improve our screening against stunt. 
within the nursery. Trhese legumes were sown Every year we screen elite lines and segregat
20-30)days before the chickpea crop was sown in ing breeding materials to note their reactions to 
mid-October. wilt and stunt. In 1987, we screened over 2700 

Additionally, since 1987, we have retained the geriplasm accessions and breeding materials 
rows of alfalfa in thle disease nursery by fre- for wilt and stunt, and found that germplasm 
quently trimming them so that their fresh leafy accessions ICC 2210, ICC 2442, ICC 8241, ICC 
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lations and the, maturation of the crop. This sp ciceri and so the wilt-susceptible genotypes 
year, Helothispopulations built up to very high were devastated by this disease. However, some 
levels before the pods ripened, so damage levels - entries gave good yields with relatively little wilt 
of 60% and more were recorded in some unpro- incidence or borer damage. For example, ICCL 
tected fields. 86105 yielded 2.03 t ha-' with 16.4% borer dam

-Other pests are relatively minor, but can cause ............ age,-which was-a significant-improvement on the
substantial yield loss in some areas and seasons. control cultivar K 850 in the same trial, that 
Of the other lepidoptera, cutworms (Agrotis yielded only 1.35 t ha-' and had 35.6% pod 
spp) have frequently been reported to kill large damage.
numbers of seedlings in some areas of central At Hisar, our screening trials suffered from 
India, but no reports were received of extensive patches of salinity, wilt, and root rot diseases,
damage this year. Semilooper caterpillars (Auto- but plant growth was generally good and Helio
graphanigrisigna)and Spodopteraexigua,both thispopulations were high, so screening was suc
green larvae that are often confused with Hello- cessful. Several genotypes yielded more than 2.0 
this,were found feeding on leaves and pods but t ha-' without pesticide protection, and some 
only in small numbers. had pod-damage levels of less than 30%, while 

In the lighter soils in northern India, termites susceptible genotypes had well over 70% pod
(Microtermes sp) were found tunneling in the damage. 
roots of wilted chickpea plants. In most cases, 
such attacks were secondary, for the plants had Resistance mechanisms. We conducted both 
already been damaged by mechanical cultivation oviposition preference tests and larval feeding 
or by fusarium wilt, but in some instances, the tests for antibiosis in the laboratory, using moths 
damage appeared to be primary. Aphids, Aphis and larvae produced in our rearing facility. We 
craccivora, were found on the stems of some also collaborate with scientists at the Max
plants, particularly at Hisar. This insect is im- Planck Institute (MPI) for Biochemistry at 
portant as a vector of the bean leaf-roll virus, Munich, Federal Republic of Germanyin research 
which causes stunt disease in chickpea. on the chemicals involved in the resistance/sus-

In Ethiopia, Heliothisarmigerawas seen to be ceptibility of our chickpea selections. As larval 
-the main pest, but it occurred sporadically in and oviposition nonpreference has been found 
chickpea fields grown by farmers. In the Medi- to be important in the resistance of some of our 
terranean region, the leaf miner (Lyriomyza selections, it seemed likely that volatile plant
cicerina)was reported to be more damaging than chemicals may play an important role in resis
usual this year. tance/susceptibility by acting as attractants 

(kairomones).
Heliothis armigera Work at MPI, using olfactometer bioassays of 

volatile chemicals, released from the powder of 
Host-plant resistance. This year screening for seeds from a susceptible chickpea, initially showed 
resistance to Heliothisat ICRISAT Center was that the terpenoid fraction was the most effective 
hampered by drought from early September in attracting both larvae and egg-laying females. 
1986. This prevented us from sowing most of our This terpenoid fraction was analyzed by com
screening trials as irrigation facilities are not bined gas chromatography and mass spectromeI- 
available in the pesticide-free area where we try. Such analyses showed that about 200 indi
no mally sow such trials. The seed for these trials vidual compounds are present in this fraction. 
wasl kept in cold storage to be sown next season. Of these, the chemical compositions of 125 com-

We sowed some trials in the pesticide-treated pounds have been identified. Sixteen of the most 
area of ICRISAT Center where irrigation facili- prominent compounds were individually tested 
ties are available. Unfortunately, this field had a in olfactometer bioassays and four of these 
high inoculum level of Fusariumpxysporum f. showed marked attraction to Heliothis. These 

- . .-.. '--.. .. . - , -. ->. 4 ' . , ' - , 
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Weire pentan-l-ol and thlree terpcnes, dulta-3-
carecti, myreenc, and alpha-pinunc. A synthctic 
iii.\t uiC Of these lIo, cotmlpounds, hicnded it the 
sainc p)tioplion as> fotiid in tie seemd lilnuia, 
ptm\cd to bu ahihly <tili\ kijironitiifor l1/]o-
,r/,h % lc'hntwtaIo lh trat<rs'' kiholiotv 
I hi ,CtiSh ot 111fi>sViitht.tit ktlioiiilto will f1t 
tc',tCd tldr fiuld cillilltll, ilil., it clCCtiV,', 
mis he uct illin tItappill, Icliohl., itllths,.,A 
kn,,o,.w h.'y (d the ;ttrat t,iHt eIIj,,ifs mavi alkso 
help ,, iden'tif1 plant , ith liid Of fi,\\ atlai'-
lioll to thi, p"', 

Momitoring, ppillilotwiimi. ()mo ;taliert colliaho-
aH111of\ ,ith tihe I )op I pini a ld ReCtI 

\,CA CI IntlIt t I I)k<li.1l.,- moss (1)). 
II)c, o'l ptliv l \atil5an ] 
(( )I )\11\I. 
10iMIC tl t 
tlttiitNh + 
mOtt 'It 

Il tilwe t , 

thj PsuCn11iii 
iO l///thl ,m/ 

t a \ it hittit l lt 

Lt'k lli'ct, In ,titlm tc 

lorpiltill 't alu"pcram-

tu itl tiacpl+ii Imiet. 
in ,r ;ic; that are 

oilt jinpr[+ t_ if 
on a i lhhir Cptmilil. At the ntcrmtatitonal Work-
ll,'p on IHc/'othls \1ianapticitet held at l(. I-

1.0 

:2.5 

I," 't 
75 ".arsiil ,\\ 

" -"' 

-II ' I . I/i 
K '." ',,. / S 

. 1).5 • 

24 28 32 30 40 44 48 

SAI in 1981, it Was pointed out that although 
pheromon, traps will not he directly uSeful ill 
Controllir elhliothis, they will hC usCful in mon
itfing Ih!liOtlHOWpoptitis Owever, lijlth
fishcd evidence was then ai'ailafbe of ther nloii
tr cny. (iur tly, l( 'RIS,\ I agreed 
to Conduct trials ovel .cvCral ycirs in wiich 
Citd'h s 'inphulromo ic ti;Iif) ,'old hcCollpal'Cd 
willctchcth l llh'ithm i li ,otinl ight traps and 
vith CoLnits o larvae t all htOlt plalts at l('RI-
SAl (Celtcr. 

trn l919M. wC iCCeOdCd CeItdlh!., in two liht 

traps at I(SA II (c11tI. One o ;111AllSol uird 
thltoilr on a Vctisol. Iwo pheromone traps 
ite poitiomed 151)ilt the tiourwsct atid oil

t1,hecis ofleacfofth cc light traps. ()rf pCst sIll-
VCeillaaC Ut 1 Coutlll(d 1 "] L.c h larvac oil Sairm
l crv \wCCk oil all crofis, gro'ill at the 
(enter. which hais a tutl area of 1394 hia. l'ro) 
thes'e cotlunt>, CCtiln;ittd thellhtll Cs ofl htliIaC 
ptc'nlt tach sweek. 

li'rul 1I)shows tme lirtican trap catch and 
vaf puifluttin data per tmidard wck ieraged 

S 1. 

E 1.2 

light rap ..... : ] i+ . . E 

'hecrlmuone trap... r [ + 
' - r:t K 

-20 1 o.8 

\ - " # 

_ "+ ' uiI " L. 

'~~~ 0.2 

52 4 8 12 16 20 
ine Sta n -ird ck s 

iguIIre 13. \ ic ;It CtII c.ck-I of II'fhotn arrml,'eru Ia Ile lmoims innIigi l anmd phtron int. tra ps aind Ih e cs s ihnird 
hiral mlihlllimi i,,, usmjihiaed from colillls ininall 1lo%,, I(R I .AI ( illerne.li 9l -Mai 1987.r 
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tw\'et theiat. i It can he 
and phteuoiltl i c trap cttch data tlil. 

l 'Veal-.. eteIn thtt the light 
itt tcllidl 

ahl\ at different tlii eu t th'e1Il example,, tIlhI 
Itidt ',etwan et.30 l, tiLe ) . t. iL tltitta t 
cat~h(,, :fl hi ,Ilc 

%ctll k C (i .utllft. '\p 

k)\' th Illeith l 

tilt %I is", 

\eclikl\ "itt ' iett 
1%W'tV c'd1 l.6",.1,,t', 	 i0 tl 	 (Ill:illp Ie",),thalxl(.1 
thu( \atliatioll. ItIn, .I'm ',c I"lla+,t!, m r itill 

',

L-'.\jIi+>~Ilttd I,:, Itlll~l ('t1tCLt l~tha t t' ], IMtLt,C' 

t. in lli 
trl )'s, t(fti L1-m10 l l I)l+U ,, %\,:at 

c - i"+ light trap',, hilt t in+lil -l in 
Hll il+ ll,,\\ , 

thisLitim e wc ileIt cillv lilcinpt. t i ir 

ti t 'ottidutahlv t \tiai,tul iiti t ais
C%iIdCnt hCtVCCnICatChIC, Inl 1 C 1 ,ICI)O<tt(IlIut, .\A 

t.arlier(l( RIS:Vl Annuali~l lkcpoIt 11~, p. 1I,") 

[)hC~lIoIIL 'l. '-,CC'IIi I ItII ,,,lta ):', to betg(-U C" (-'III-

ci,.'llill ro.cord+itng im ll\ll l lll pu+latliowl 

th; lMI ueg Wn our ,m il .hutt aiLcmltuch mi -t 
C+tltiilt ilnIC'OH<fillg_ 110111'-, iltat clciplct frott 

pupt act,l",cs the ae Ithatlil\+tlln, 1r,+out l % 

!11;,11 11t il cl o natmw~i H ap[' 

t1(1	Iii I t 1ill l l , hIt, al 

l'ti' lt] eeta l il'l IItItCh. 

,


Iett,1itl1etl it e IIIl t l t thtii 

plii €,tic it l tipeilli and l ilht 

I ; irijtlion and higuher crt.vicitions it lisar ar'
 
Jl !cl>' tXplainiud hv tIltc nlolu .\trt.,n, atic
-lini 

tIl:diti ittht ll i uJi l hi thl he light
tttihp ,'toiille_-ti , elit h ( v, it vcrv hlo hoth 

dullitll! the v\,itull i ttlh:- ant<. he hot ".,H111l1ltr, 

tiihes,r ii itIbi tr l it ,,Sor,., it 5.ipu ithi.t' itiv 

( ) I R . illth im \cehaicslttpliud phr ttutIse teti 


ti iItlla iiit t:it -del t l ,tt'.;cc t l lcation Aill
 

l+etlii India,l,Ita.tilt iI attiki.
I .'ls W 
' nd(uc.tedt o! 

tdl~at', t co,opc~!attH ,. 

1:1.tc._' itpfrulittlinal), analv'N,i'.,the
 
,tpplicd ruC!t[IarIN h\,diltl 


]Ik I]Lh( \lucalVr'l ca|t']chc, at~tIa l l ()VcI 3 (0 

"(.;u"III,, l L,(lw l,,, chwa'tioll, ale"ilkilated 
ul in l ct;. t h ,.,.l l;t hu + u l\i t:l.I.It 


haltil+_,t't st t ile it I H, tiI t t'r1 e, I It tilil hIs. 

itIu th i li t t I i I- al.t 'atcIh tt 	 SOt 
a tlu ld ',t~l ,\ .,pril).1 hes.,dafd (:c, 1", (late 

dme,,l-l lho t!It l,) h Ic' hwud Illinkil ()t 

1tc h l l 

At (d-;]. dtIUnld 

c'hw kpca"), A ,\ till.' tl nof"- IocVations,. 

thIC C P,NIxo J)(Atk+.'C~atc.hte's 

\\Cck 1: (u --+t h 12ichu, ir]k cit,vl). Itloill." I, 
to ha;\c hied t -, lt-tI tl~ ll t,+ anon ilt V !utotiIIt:llw 

coa'LLtllo~ll I IL+cold ,vitct: IIIt+hc. l~ItIlcl'l tloct

l )') hill('. lio ns'. 
USC. Inj)"u,.iCli,+u+g?it! l+.tt~k,,. and I [c+hfult +iphl wi'Hli,.i attIII ,,c'all dlop 

Cd thI:L'CII) ,.I 1111S.th ,:11f ',t'tHII() bi) lt tIi I If~io]lhi, a %t'I I \\, (u'11N oi\C ll,(u" 
d~mall t , it', 

At WI('SlA I Cc'ntcr. ]lchlt'+h/.s atl k, ht Ilo\\,,('.onl ( 
t'ny~sgm'(wll il V,.rtiso),,aicu tl k]m ucHthIm,,ileIn llo)+"t cilUIIl it ;ou locatiw,(Co'tli h',toic.;ailt
 

-
)vt\c~t.'Ic s t.'(llClop I\\ll )ilt Iam t) the phc/t+mlollL t,-,alt.'ttchuaIl'genlrll tht th n L
Ltl .,llixtol.. ",Hv l.: 

'-;tIC'hdiII'r,.CIICC., are itlkrM CCIC( ItCl IIt. III atllh \v<.it~i h ,'r+ :u.u ill nloltherll India,Cu, 

the light and phiurum,,1nu tiap, onIthcwu ',,,it anrd withoutH \%clil-htinctd sc,o'a l pcak",tk, . At 
t>'pc',:Ctc'ihe.s~t., ,,!trap ll tl hwif)V,:!Iti 'd t ell 
times._, greatc.u that] inl A.I.ktho,/,+ thc l,, 
.,'):h ,ditlCLuri s:alt' ICItl ICtul IIIthII'ICIl kti\,t 

hI ,,m corichatiol (iltI ( ::'(Ir1310)),, hii'h h',t' 
beet:tM'dl{': h~lIut]',,'k C tl C \ . ttu", inthWhCaul. 


s" loc'. flightl 	 ( 1l" ( *) ation"',, Il-1111w iattili"s 
nulhaic Ih'h'+>-

Iitsz ,tt\ lthou!l) hot diry scasolls+ 

(I'll,litpIni ute t .'clot~uhtfolinfilt 

At' Ohw 

i-.u t cok~ hb.,.X:,l)+_'k), r.St t alu uld ttd in 
ICdtHC!IO'm ill tN:Callt'C 0I.'I/h'W+h O.jo IN'i0W, IIIt 

hi!,111lrm p .oil A lli,,ol. Vt';lio. NVit[+ ',IL';l lack (.1 ',tlithh: lan~t h 111t,,atltt 	 lhlx u phln y ol 
,alitofl,,i~i,
h,,\\,rollc .mht . iiwh thf.,, 


t11ap",;l. o lam tll,c.i "tn tillf!-,"flic:H hoi I -1( Io 

,, 
 m][t;it 


Il Cu,'l '-,01 \;H i;lttI 


I/IiN popl+ iation ol Iil. 

',.']iCICIIn lit ong 111Ch 
Iph,:,t ni lil. ItIrp calkt hw., it IIt?,a1(AT': : -1 ;1 
ai, o%,, l tha~n Ih,(~ at J( 'RI(IF,('clntuc Illuc.h h 
I<( VC ; ) 11.1111_-c.,I(I ;[ thciion, bet vxcll 
v,,ekk\ li!:!l a lldphw imnIl"u-tap catchi ,,al 

Ili,:l 1 JI:dl,t \ ;o C ll',idullhk\,\a (0.)), 
ii,,.t th fi leclctkilln', t',cmtd d altW R'II-

KA..I ( im'ltvr Qt 1).7V A hu , hl ui ,.'oullicicrt" 

itriLatud h,,,pa a l h ,.!artilllalht l rc,+calr h 
',latiql:,M IhtCIClhCt lflps arl ~oc ated.L,C'Ifht.'[olutol 

()it. tllm t,tlea ".'1llpt'l1 thteilltu- ; ti ( ol(ln 

;tillaI\ 1hillt.catc:hes.in19SA ,Siat 3;3ot,t o 35,L-,r1, 

Io~illth ll,' %\CtIuC:t'01i1idt:llNl \'h%TV thatll Ihe aVtr+ 
aj,'C ] \ ,..'Such W;idC Inuad Su:TCI N'htllt ()IhI, tra 
(dtpop~ula tionl d.illictult o L.xpl in.reductioli i.,, 


'-r,(111 

andoll ich flho+h,,toclim atic Con ditions that 

I \,tc;l -..m m ia tcI1nIndia have droutght.' 
t+, 

co' uld lim it pop~ulation'., doItnot oc'ur Cvenly 
acl.'rt:,, b lhu iltlnt ill "I.:torlleyearthc u 	 +.
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A comprehensive repe rt on these pheromone An experiment was conducted in tie 19X6 /07 
and light trap data is being prepared, arid an postriny season in 7 in plots on Alfisol and 
attempt is being inade to atalvc climatic and Vcrtisol fihelds of low available 1)"taltis. Three 
crop ilfluences oi the catlche.s. \Vhelt these ana- lertilicr treattenlts were applied as single snper
lvsus have clneoi pletc(l. wc will decelc whether 	 phophatc t .2 g P m ,;'by landing at 15-em 
such international phcrniommie t taiictsorks are depth: by mixing iti of soil: and nothe top 15 cm 
likcl\ to he of iiy practicial 1)e lieC treatments were comlparCd withaltie. ( ittil then. P additioM. 

Aill continue to tippotll his iict%\mirk, Iii ni l.,s tiid %vitholutilliation.
 

al 'c p) Wtsllc ani outIi ci )lilltlp the trap- (i ain 'icld of chickpea ksas significantly bet
piugt ,tid scvcial ciidv liecatch data to b ter whenicrtili,c-lP was nixcd iin soil(306g m 1)
tsel- 'i'l nliakiig, panic- than With the Oihr tO treatletl; (227 g withinsecticide 11e decii, 
uilri l r1the nirtlitrci loctatiori. 	 no P and 23) g m 2 with !)and application ol P) 

ol the itrivatcd Vcrtisol. Ihere wcc n,, signifi
cant treatmnent diflCnitcs on the rnoirrigatCd 
Vertisol or in the Allisol. (iriwth and yields were 

Prll Nuutllypiorion lisol I00 lr, 2igrain yield 
with irrigaiion). I hus rstilts suggest that 1)fix
atinr yeiasiot a prol-cln ill this-' VCrtisol. They

\V '~tc r',t+ od<'vc~pa prtprkti~lctt~d t 1 Alst the inlteraction bctwccncJ'_ n :.;tr.:atC 	 I)
 

mird cmieet nutritional imbalances in responseanrid !)oil-inioistIU availability, with 
:IihCkl+icl. ()iu nai r ciriphasis is on the enhance- respols only likely uder well-watered condi
uiiclt., ifvinlui nirti-en lixationl. Wearcalso 	 tion,. I hesc interactions arc being further 

, i ul .l;Ipani Iloicl 

Iia u,cx anili titlrac bet ween mine ;a.t
 

l uii l'\mcr Special investie;itcd. 
iI;III! uliii, 


lu rillmlli ;11i(iiuil-iiiistilic availability in
 
hic, p<u. Nittural Occurrence of Nonilodulating
 

(GenotJpesin (hickpea
 

Feutilzer Application Method anid(i last year we reportcd the identification of' a 
Phosphoioru Respouse norillotdulati ig gellotype frorn gerniplasin line 

(V. 435 (I(RISAT ArinUal Repoi 198,6, p. 
lth,.pea armid ri eeiicrally consid- 441. Inicl i0 7 pst rainy season, ve exanpi,,ic.. 


c di to re.,iill.,OL phi uis (P) 	 liiCybe. le(,s i pl inCd the IreCLru oInlattiiil toCCtllrliCC of loln
c'itili/ciipplic;rtiorr thanl ccrcal. 1rder field riodulatinig plants in I( .135 aind three other
 

(,mitiris,.lh etfu (I fcrtili/erl-I varieties, Annigciri, G 110(, 
ci\eiies, is aid K 850, that have
 
cLxpcetrdI( hc til'l\ c bwth hi usetd
I Ir ritu 'ced nOlli itd ,!bee.n in litr t ili chickpea-growing
 
to le iii i hc aue id if I lieniiti tei ) it oicfion ii of India. i.lating plant!;
ridi of* all
 
1) iil it,%lixitiin by smil ilhiids. iAlisils ', Itiiiilld plants
folur crlotpus were ihcn were 
itiii \crtlistl, kil Cif r uprootcd 22 Vertisol well-endowedit is ii L'c lsi d thi biltl I)AS fromt 

ipplhc"iiirl Of leile wotlh b. lidre
iiei-2 Iftee1'- With Chidulpea rliOrbia. I hC freuiierny of such 
I[\c Ifochickpea ;i,it plicc, tie P il /ie plalis iii K 550 was 120 per nillio:. iiAnnigeri 
'Alici. wiis lrl(lilclatc . ard lIus ninrinrri/es I' 150 pru nillioini, in(i 130,221)pcr illion, and ill 
l ai,, . 1 

iIv,'ceer . il t1r l 19 I r:in\' CiiSOni. RV 435, 47) per liiillio. "lTh iionimodilatii! 
pi_, Ipcaresl)ondeii well to( 1) ;-'iplicatior both clr;aCtCristic \as cLnfirmCd by repotting Up
i :\ll iols and \'ertisulk when the Icrltilicr wa rlooted plaits withotlut nodulcs, collecting seed], 
rii\(d iithe lop 15 cuif the soMil. Ilhierefnr and gowiu the progelny iWpoi containing soil 
cou'idercd it recessar, to caiefiullv evaluate 	 lhei\ ilyinoleilatCd with chickpea rhiobia. This 
iilliods f applying fcitilier- 1 tsr chickpea. 	 finlin g sutggests the possibility of developing 



11011f1k)tluhi.tiig' rfCICIiicc lails lot Cac1 ChIick-

pea gccnotvpe. [mi use III cjilinIf~,iliM:ntro gcil 

fixittion bv thiat gcllotvpc(. 


Interactionl between Soil Solariziat ion ~ 

o iI JOil it i-q,~ pcol 1111 t ilHb% woh it. 

Imt IIit pI Ii ltd. ,ti I t it. mlI m h)du ii l 

t tI'cnj.M hutt,; :1,eitjiitckpci sI ;lj 

Phl ItI Ii )CII Il Of1 I itlI/lui plTOts,!'l 11hai)1( 

A)tii t ii fldIit.I\, 'llmjlipcri OCRttilcSdiIi 

pi i ii;'ijjiiiieidtin tieatiiicn.1S it.1, a1MO-
1liqud mA l I ltIIb;o.' 11) 1) 1 ;7 ii ( v i1111~ ~MI l l 

I Il it fil hi. 1t ()t od!f ! (oIlkiarttaf II(IsM I? j'nL' io 
CIel :(lr( mCte aiC iai it AItkpea / ItI !m I II AnlIge 

Illti"UHii)cl~ltl m7 -t 12 I ! 31f 

Sllnrli It (0 10 31 ~ 2oi 

Nlc llttItIll "t mIk i m t),I 14 /t 2fpot8S lm1 

pu im m c i31) 19iX79p1.12;-

pht: ±0.ll 

h(i a, ;'7iq i i 16m( 1h*o 1':j 

str-ailn W 59. Comprised application at soiig to 
hotli soi)phill) ird ciiickp-ca. application to 
clIckj): ;110111%;Mdan 1 I nTIi(R'1Inhit ion 

SOlli/ationi1 icJllt-d~nIIIIIIIICIS Of chiAckpe 
I 1/1MIll tiihail 1~i5L'III Ctiljiliitti(lof til~ee to 01i ,oi, 

tLlii SOI ria hnIci ni aifkso stoppeod h. 

h dii i5 ii lli om o -djI\'jtii 4.52 It10rh i/.O 

iii sl I div' "oll ll nllm i l/eII iii s iicL 

0tw( it sIn mtiI;I hm a FCiSi IAS10 irC~iiiile i m ssCaf~ft 

ubiil smtli~ilivlcilamc Itt i iPlotsc sIlt(ill/th 

ha llialldti\ A o iiiiii to ai obxteuit lo'ic 

litil iIInlt Itji 1 1it that wcrc sol io 11 t lr 
hepreccip. Scasoiihoil ai ,Il~lc shool Wil)di tc

mide uiiii oimw Ii;i1i.5c i Ii).
 

IO thH, II1111 ilI Iclkiw at 2 l)AS, hooMtA) MI 

ctio,Iuli( I(-I enterc psd 1 0 sarn "of)./o7l
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Grain and Food Quality 

(Cooking Qurailv a'nd ( onstimer Acceptance 

t oci,)()dIo icleniiI Ih ol( ICilpalationts (tcliickpca. a,,.it',ttiiotc.ittii wa;.soni its. ctiliiaticn 

",t-cii cc -17
ti ?,H's.,cccci-,t' cciitit!'iiis-, ilt)(. 


iitliii! hii,\c'i). c.ii,.'i Ililicti !li_'ruscitl ()i 


Icc,')l'ii.", tliti\stic~ic.''\Ut)I 1scictits,.
cci icic , 

. 'cc:"..tItlllll' J)hl ci tccti itii ici:cccii cc Icc~i i 
jcic jil 't lic /)..,+;r. clcl;cI ticic) ccc ticc icIIcjiccicc) 

1uh<, u upi ii . 
ciii] l +ticc . iccsullt' dlthti:\si~ccc 

ciiJI l ick cc i iitcIccl 1aLki--
l] ticsi 

cii cti ii ills \ c.;c, i~tt Nt'iu;ti. tticfsti cctcci /cc,,';.li 
ciI ii; i l) ccciii cc. c i .s , cccii-i lii It jti,i , tic ci i 

\,c<ic iiiiiiil. I;ii,,'ccccjcc. It)K. ,cici+) I cukis. 

ii,.Ir Ilicc. jc/c'iu,+ci, i ,iccisi'cciccrii is). /pct cpa 

ii,+ icci.,i), L,/i c ,hin<,ci itiiiittiiticiiirl)ll 

these ge-otypts were 1- cWd !itahiccit 250f' CI( 
2 rmil.The roasting quality (ofC 130 was better 
than that cf I1('('V 6 (1('' 32) av shownc in 
lahlc II. \Ve nolicc'd thatl tih original light yCl
hiss cot ',icdicn coior of I(C('\ 6 (I((( 32)
CIaEu:1d to liIhIt br(,sll MCwhet cIcSt.Cl: thisttesulted Iihi cu cccicscciccit ac,.eeptahilhtv ccl the 
iciMc.'c.Iecajinp,.ic ciceht cc-l.,Iiprcculutt (pc,']icra ) 
ciic'ii .c:p~L ])cI ,,'cli ,;cc ci Icht~ctl i lihd](c-cl/ll)lc icc(.

I+l;lcicti. ( ciicsiderine tiic iicccccusiin t():'icit. 
iltc,iii. *ctccdttui cciistc tccc i lI,)c ,cccic i i n cc f 
I')i-'i';ci;ctiicci, siVtililie ',"c'Occi. 1 ( ict'tg iicccccicssc 
icc Ichit ivii c icinutpticcci t ccii icc ,c'( ida Ic)cl+:
Yctiic)cc,sttclic-l cci] t')Vss,,c. tiit_. ccteci'ticcccli ci;c)F'
 

ictl.i ciilti5<zcis.
iclilic tf ci-,i l,:chutlii C)ilcetcjcticcc 
itucic+-iscici. il)tc 3 ccil OiciIti iii _,cccl litti .slicc\,t cici 

linii. \","'c iccit.cccicc chci \\,cc]ici ' tciccuntci 
Wcti't hciuti ic I('( '\ ( I1((*(32) thcan icc IK 
,"5)). \iu p~lan ic wciiL tiicdc, cccdc idictkticc:ccticc 

cc']iiL'ulcit)t iciicciiiiihctcssti cssiiccVici ccI'uI). cjiiclit\ cccnii the cti it\ ,)l/jit],ccrzt )Ii 11tcclcicisi 

icc+I (uiicccituc tt iln,]/c,,,/, ci pucccic iccficicict 

iiuccicIIII,, ,,)III~i~l Scl d I-cstiici 

-,tiiic'cl tici cccca,.icclchh \tciii iii ic)iic v5lcihc 
c.']cl~tip).i ' c'(Icc~icici 

cci.',, itztu \ (:;IIcc'is' ccciIII(: ciscc( ccc(ii--Ofii 

ici ccc)I)Itihici( cdii' iic Cireccc'tt., 
,ccci'1ii lI' icciiciciil i I s..., 
11i I+cc..t)iic. ,ucitlici cci ciiclpc,,cc)t i.,iccipicitatct 

cci ci.ci Ci lit) cud(.-:Lhcli I(CV 6 (1(( 32) 
,l.'i,c tutvc-,, iccccs, with the. help)cciu cc,citisc, 
cci ciiizt Ilyvciccchlcc. Wiccilc edcrcccic,, icc ,ccttl 

k~chccli cccitic diN;. 
llC'+,t11111
l C l'H 112 Of IlICli'li~ 

cl i cship hesccii.t'i 1'cccii1 cicckic ol )!\W, c sc:eci wsi/c';ttcicci )l tcccc., 

lCttiiiicl <tii till,' ccl vichchc scccl
cckicc:ccdli!. 
aciltd~htc~llcci s cccpesi(I 125 iuct'\l)tci, withc ]IIllc 

5~iiidticccis icc I()-scc iic:t'css cccce 1.4 36.7 
._,((( seeds) lic ciccil.:iccc whccle seed)i. tiicc ccl 

io. again shcccwictgu a iictgc variaticic. C.'cccking 
ticoc ccf ,,aciccl ."iccc 46 thic, with atclhccl 20 t:c 
n~cacc ct32 raii.\Vc cicit.'cc a pocsitive and.,-igtnil

laible 11. lto:astiiig clcality o)fchii CkI)c: desi and kaihli genotYp~es, llisar 1985/86. 

Cicci Cunit( 1-8 Ciencr.clr
ctlhii I cc',. I i/lat)c I fIcic ccOc.'ej vcit 

(;in( . 3.3 3.3 3.2 3.5 
it (v )Ic((( 32) I7 2.8 2.8 2.5 2,3 

i0 :O I A0.12 ±0.01 +013 +0. I9 

It)i ccc )I ' . ccnlc ii I - 2 Mpt,* giicct Iiiii. -iP Oi,..'IIcllcni 

http:Ciencr.cl
http:ecajinp,.ic
http:cIcSt.Cl
http:cc,,';.li
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Tble 12. ('orrelatii, matrix on 100-seed mass, protein content, and cooking quality of 125 chickpea 
genolypes, i(HRISAT (enter, 1986/87. 

IO0-seed Sxd PIotCit ('t killtL \\'a t-c I tI til (ooking 
,;INp. C it ) I 1tie1 H) ltuI)Irpt iui0 l)g ) ( ) tilnIc ( nu 

'heolc ,eed 

l'1 t l (1, 1 0,20t -0.2, 
"
('tot klll!, 111,1t_(111111) 1).7 1 0.54 0.30¢
 

\\,iittt ;dtst tltin Ic i ) -10.68 0.5 i -0.37 -0.93 

Ilii I 
'tmcin (1, 0.0 1 -0.03 oI.83 0.19 -0.20
 
tw nk1t1itc (nt11) 
 0.59 -0.20 0.33 0.53 -0.52 0.53 

I , ht:, lllm (I, g -0.57 1.25 -0.30 -0.52 0.55 -0.05 -0.98 
1 tdclc,, c,',t teeh'diiiii thw enreliuiiiti ie,,lusit 5 i' e,, l 'igiiicaiu eairc +-0.17 intl ithsc it I icltfIsil'"iicn,,.',., c 

ucat correlation P (.01) hct~vccn cooking and kahuli genotypes shoc no lea,-cut dif
tile o! w'hole sced and I I(-,cecd m!a',s, stL,'gcSt- [crcrcc between these two groups. As inentioncd 
ing that larger scds requiru tr ctniukirni time. earlier, a browItlig CffcC as a rCsult of dry' heat 
Prtcin Cot)II'tlt was pIotti ,i\ atd ,il, ilicanlR treCitCrtlt ',':IS noied onl1 oM the ctylCdons 01 
cot IlidtCd ''ith hI teLu.l. tn Oicwhole ect! thie kauhnli 2eiotvpe. We also noticed that the 
anti dhal ( I ;thi I. nttistinl, l u ' Aii a ,\Clliing capacity and sotd bility index of the iso
p,isitise and ,,irtilaea I /1 () I) eI:wlttuIC I , Ieatcd starchcs ol thertoasted grains were lower in 
t,L'\\J - t ic .'l .'killLi t ' 'I dhl ttl \ ' tlidc l . 550 that in ,,n\t igcri. 

seed. 

Irotein and Amino Acids 

Effect of I)rv and \\'cl Heafl Trealmen,, oil the Wc ,ahily/cd vhole seed samples of' 1106 germ
icoh ic:d Properties of Starches plasm;accessions Imr their protein content, which 

ranged from 15.0 to . and determined the 
[utls '.ctc t(Itah0t, isolate sturelt., .aitl dCsi (tii iii 442 scd samples ro1m thel coritetit 
.I:\Iit!Ce ii) amid kahih i I tI 550) cnoltypcs using brecdllnp pl !ait. THie prci colltclt oft IeCse 
tc,. h()iitd M9X;"( , .( 0 miii), od roastcd saitipics varied Ictwcet 1-4.4 and 28.1(i. We 

(250 U or 2 miin) sampi,. We ohn:,,rcd that exaitcined the effect of the application of nitro
r',I,'tin, (drc\ l t l ltl l.wllt) had it) ticahic gen tertiiier oii nonprotein nitrogen (NPN) anl 

li'' (on the i ,t hlCas boil- total nitr(gen (IN) I the secd. Annigeri and Kdl titlte,. 

tinc (,I.l hteat [liti Vitlrahis' 850. gro\\n itt
I tii) reduced flr repli,'ations, each !eccivine,

tlt o:..\, tliti (I stHiitcmo, h otl (lc.i ainl (!)I)and401) kg N ha I"crc analved forlN and 
kah,oli type,. NIN. NP..; was determined in the sUpcrnatant

Ni escop)iC Cxa.lrindtiol 0II tie siZe and of I10) trichloroacetic acid (TCA) that precipi
shape o)I the pranules () isolatcd starc-.cs of dcsi teCd proteins in the extract. It was ohserved that 

http:starc-.cs
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nitrogen application significantly (1' • O. i 
increased hoth NIN and I N, and that there was 
no Interaction hciw-cic the geaot.pct. ;mtd N 
app!ic'atiom in this reecut, 

We a\c continued ()r t"efrts to anm'alsiC 
+.crltttlastatccc.siml, al idt collctims, fi 
twl. tit-o-acid .co t t'. t ftildd o( )11 a thliY 
,tifphutr amiictid sttt cDcI e:xit. I)tiri11Wthj,, 
pgriotf ., vc u ablc t(a mlai >ec , ,ral ifd spc-

IicL et> ti tfte th i tiich nipositiol 
' l, : 'cc bljl' . i I ( o11t'Wl . 

l [ , l] (+ ( t sf teit o . 4 ( "] a i . . pirti m(
[ti/ l; . ( . . lu,[alt ,, .diltad . . t,'hlta . 

(.!1il thic'x\ l t'~f ief/( fe ittl 1 ,;trop1f of 

iiti ' it 6 1 i i ( , 3"/. -P, i l 
biitir1"lll.'tu. i o ftic'l! tti -cd r +~,,ie tl I to c + 

tiS-ilillirilgc 

1i it:lc v "eclic" Vt> ribfe %%ft,sitfiht 

,fI it etthi <tiCd spe+cTies. N !a %
vatiakbilitV \sa, 

, e. .f'd ii th c .ksfl i t itcp t" tdit e1sert t od 
!at tfi tl id l1si ic, te'th itt it itMCcs\ ' ir"* 

Iffect of ( ookiR il Ailio-actd (i 4-upositioli 

. : li tilt lt a tt llt lr vc palatai lity 

aid dif 'ice hilitv (f fcptllic it chlligCs the Coll--


s i
cutialttta d of lllo oliel hnpoitant nltrietit,.,tt. 
We qttdid thIe au1ino-acif clnmipositii0 Id roas.Icd 
itoi himiifd dhal ft itinitri arid 1, 55), arid, 

lille 13. l,' ffe't of coroking nli iniipcirtant ainoill 
Allnigeri and i. 550, i( ISAi (enter 1986/87. 

ti• \ t<:n i 

.\rinIII( acid I; Rim Roa tc, 

7.2 i.7 
IlI tidIt 3.2 2.7 
Ificuiil,: 4.2 .3, 
(1ie 1.4 1.4 
Nltti o nint 1.5 1.5 
tIteitI (2 1 23.4 23.2 

I \11,- bI 1:'P!,Cnli cd ml SOI( 

compared the results with those of the raw siam
pies. We roasted whole seeds by heating them al 
250 ('lor about 2 min IIia sand bath, and boilcd 
samples il water at 98' C t "-) mini. Alter boil
inl. the whole contct ':)chiding brotlh) wa', 
dried inl the ovcr at 50 \'; show i " able . 
the citecritrlattirts, of tic ifti n rid e titc. did 

it a, 
1c1c>, whil l.1siec nd h1isidine level>, rUel 

IftLfh v rdiccd. I h1rce tslit i cIhtchariteit the 
pr citIttCO tnClt of1An igIePri, bit tile proteilcolt
ten't t1 L 5f iIItCl,'td cotlsidlrahlv alter roast
i ;111d this i Vsbasell' dtfc to the reductiOll 
it ft)(t-scei tn0itis ttcr t tl iit. 

rit ch Late, resut od t1e dliffCrCnt heat tr it

e llllin Q u a lily 

exaniile te effCt of etclling on nutrient 
hosses. .;alph_'s> of Aiti ecri sere CM (fltlled tu 0, 
2. 4, N, and 12 mai i iitI a art ential AbrasiVC 
f)c I'!'1 rn I)cvicu (I A )1)). D)fi l and pioWdf 
raction., weXrC CtI!eC.,d :!td uitalk/cd. As a coil

tolo. the smed etat was riiualif!\ rCiniovel. .\ 
cxp'eetcd tie irailliaitS , of lh11l ihec'rci',IA' sIb
"t.inltialk, with 'lncrcamc ifl 11ti ne , dc :,1 in 

cating that ilit-C tile[ fts of t, .',tsvlcdol s ac 
lost plcr ',' i lih I untitf a ptwder froic
hon that sut)fScfIuitly iicreasrcc. 

[ftc levels oif prtteiri, miti s. alld fiber, of (hlfti1 
dcclinied as d iffullinf tintik tCasCd ([lable 14). 

acids Ig (100og)-i proteinj of (lia! of chickpeas 

t 55tt 

Ihtilcdl ; +.R R tact lilsr m ct,tl 

7.o 7.7 0.0 7.2 
2.5 3.2 2.8 2.7 
3.7 3.7 3.X .9 
1.4 1.5 1.4 1.5 
1.5 1.6 1.6 1,5 

23.7 19.3 22.X 19.9 

l 
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Ta I)Ie 14. ('inlposition I g (100 g)-I saImpleI of chickpea dalwmid powder fraction I('RI SAT (enter, 
1986/87. 

I Ni. 
trot,.:01ol11) Pi ([cil Si-;galSla lCh I l, W ] P1qolrtp Sla I 

I ., 6.8 56.2 1.2 1.2 
2 
4 

18.) 
17.5 

t,. 
0 

57.s II 
."7.," 1.0 

2', 
2.7 

2.( 
21., 

12.1 
I0.0 

h 
12 

17.5 
i 4 

6.L0 
,.1 

58.0 
60.8 

0.t 
1.() 

2.5 
2.0 

1 9' ( 5 
181.) I:1 

Sl '-0. 1 !0.21 0).31 ±0'08 '0.i4 ).21 1).13 
1. I-rjcioll,tdbtar~ledh", tP,11111cllpC111li1! Ahlasli', IO,+hulllil.qIhc\'lc <I .\l nl 

( )n 1 thther haniid, starch ,+ontenlt appeareul to he-
c ccnt rated inl i liinr parts ofthe cotyledon 
N',its r', tc i on in rl++trt
~ withc ic reyhsing,its1s 'oncentration ire asCld with inreasingt 
d.chtulline- time. e 	obsved that the. pow,'der 
tact iii is a richer llurc of protein and ash 

(niiicrla contenls), slgcsltingtl.t ethe1.1 con-
±.titunrutISHICali,,elust, ifiirlnt' dcfht:Ilinie. 

Pol) phenolic ('orriounds in tlciolhiis-
tSi - , t ; y.1


Reslan aid~-Stiscept it)e Genotypes 


Pod dainau and of ig; removal have been 
o cled to influnce hkahkIIIo attack ini chick-
pea. xVt. extene.dcd cill;ihitwl ic work to pulse 
c,nillhfo v. and Cstlimated polyphenolic Coln-
piull in t hdiac, pod w;,ll, and scud .samples 
(t Ilcliothi'- lsistailt (1('(. .§0 and-sUsCCptibfc 
('( XQQiW(u6-34-1) vmietics alter removing 

A M li;ap 
icchanicalfv daina injg 50 17of their pods. TIhis 
sid ,I ili( itreveal an IarIe difernCeI hetwe;N 
tmtailrints and cnitypcs (Iable 15). Earlicr, wc 

A0 ut th; r 	 at the vegetalive ytageand 

also o)h ,i\cd thai 	 wl phncoilic cnipontnds ol 
!lACiIhNs.-rCSiSlantatad-sisceptible lines did 1nit 
",hi a large variation 1(6rain )uality and Iio-
Chetllistrv IruresP crult no. 3 80. latall-
Chermi, A. I '56;324, India: International ('rons 
Research Institute for the Serni-Arid Ilo)ics. 
(l.initCd distribution.)j 

PMO.i 

Icrh Ilhc,+' Ash 

I d.r
 

- -

4,.) 
H 

52.) 
.55.4 

1.7 
!4 
1.2 
1.0 

4.1 
3.6 
3.4 
3,3 

-0.51 ±0.09 j0.A2 

_____c_______ 

'Talle 15. Totl pol'phenolic comnpoUlds of 
foliage, p)d wall, and seed of Ileliothi,-resislia t ,n'd-usceptiible chickpea gnotypes, I( RISAT 
(Inter, I6/87. 

I' 
I diac., x,ill ,See,). 

(ienotivpe I re'allinetl i I)100 g) 

I (' 50 	 I5 14.04 12.04 5.88 
14.10 12.08 6.28

,.2((3--I l 146 II.2 .4
IC'("-1.10260-3-1-1 	 1., 14.08 11.92 6. 4
 

1, 15A7 11.) 5.4
 

,1F 	 ±035 . M)20 10.5 
I. I 5)14 pod 501inogtd () lok ici;igt mcnixIn 

ill;. \c ,,rage' cottol.;it tii I 

Plant Improvement 

Breeding Short- and Medium-duration 
Desi Types 

lliotic stresses that aflte! crops grown ill short
and Inediunm-dunatiin chickpea cnvironments 
are caused by fusariun wilt, root rots, and Hcli
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Tablc 16. Nu mbers of dulcklp,:, populations an(d progenies eva lua.ted at iCR IS AT (enter and I Iisar, 
f986/87. 

+re,t'ial tk,' u~iii ;i 

Ascoh Mlturriaile.ctecd 

( i,. liC~ttl 
N.tmal 
hfeld 

\Vih-sick 
lield 

Nonspm-Nted 
Iildd 

blight 
nurscY V Hulks 

Single 
plints 

l1 lRlI ..V ('enter 

I 4,S] )ll)l- aildI lpedill ll-d irui oll 
I1 67 0 0 0 167 0 
I: lpiuli,,i0 ( 180 0 0 136 0 
I ptl 1f1laI sllupci ,..el"cs 0 266 423 0 248 188 
Fi q[L i i l orl"Illog elics 380 0 194 0 9 2149 

, I'l (11UL'IIL' 
I, pi('11rcll 

2783 
466 

2699 
64 

2786 
473 

0 
0 

330 
142 

0 
0 

I 
1)11) 'H ' 
pii(qcuI', 

341 
122 

66 
0 

401 
156 

0 
0 

109 
38 

0 
0 

( 1 4259 3275 4433 0 1179 2337 

Ilistir 

R, 
"l -dlllilt) 

10 ,oCs 266 0 0 0 266 0 
I plpll;tli l.s 
I ppiulatioiis protenies 

82 
161 

436 
3006 

0 
0 

0 
0 

379 
2466 

281 
2 

I' pfrotciue'. 631 1022 244 0 1024 401 
1 pptil;titol , 

!, pL .uc.ies 
progenies 406(10 

734 
4197 

986 
232 
952 

0 
503 

291 
354 

297 
303 

I I',o gC IIiC 489 555 562 "33 116 218 

Ioutl 6423 10202 1990 98u 4896 1502 

i(IISA (enter mnd Ilisai 
Kz buli 
Flco*,,,C, 117 0 0 0 117 0 
I, populatill., 144 0 0 0 S6 0 
FIpo)laitills progenies 437 482 0 29 277 4 
F. pIiageiiies 9 9 0 0 0 2 
I-, pl o rIcc 34 103 32 32 8 460
I., F, progeilc 13 13 6 6 2 8 
F",plo)ucileCs 9 9 9 9 2 I 
I-' p!o-clime 63 63 54 54 20 9 

1,tl 826 679 101 130 t.92 484 

o'hi,. Abiotic stress factors ar drought and total of 446 populations and 2 829 advanced 
sal a:tv, Most of our efforts are directed to progenies were screened in wilt-sick plots and 
iucorporading resistances.,o thesc actors i 4433 progenies in nonsprayed fields (Table 16). 
high-vielding backgrounds. \Vc -.-lmc 215 crosses We selected 2 337 single plants and I 179 bulks in 
with the above mentioned objectives in mind. A various gL aerations. In preliminary and advanced 
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x'ield tilids, 850 InuIS WCRC tested] for \lI~ ad Performance of ReiCI(thIJ'-Resistaflt 
01 lL!igl 110111Hii Iv htiues". Ni ud mmlidimalt Sitrins in Norisprayed F'ields 
nIlticilitls" %l ;11",e e l .tIcw l (iwalin ack-
Cl*1\NC5 \'.CIC III (c to IiC()[hmitc 111225112( suciR, :\nlijijcij is :I 12cIuclnll\ Inchd \'idlflnii c1.1tulusa 

11Iti l ct)I(jla i tit hC IL L ~c12,l j p pu jeri ccpt1IlI t/tot hiS'n;iiilis \IC Ican be low Inl 
\0~i110 lt cclitc (1t 11L. I1i(him~ Naiimial Ili, I/ic/w/fI*S--IIIfcslvd1 tidhi. Ih.lclj -1cSIesta lit l1inuS 

iiiii Iia~t il(Ickjiiv es',(i)t Ii ill, Woiot (kleslI)Cid ;11 I( IS1A I \ie iliiinst twice its 
,~ iim i i it/iw~.N :i~l \oli:ii i I l~tL1;is Ani"III Ill2 ii n Ia areas) at W RI p ii 

suill l II iiiL];m(.Ii\ If (I ICIt-I li\-iyiiis SA\ I ( (euler ( I ahle 17). 

'iLi.Iltiiulwl I() iL IlI~citIM~I CiiiuilmIkpeai I uiuijait thel I)I(l)IuI0IIiu 0I fI)MlS diati

(.(.If [fill ImNii~ISi~ceiii I I~I~1m(ICNiim ci.I( ( I~i 5.9 daiaI ~iIstit 

I(SN-Icl )N i , \I) ' CIIIIIMII W. Mllc Io d I4'Imd5.9,' amarge I. ds~ 

Ii bthl 17. Pterftffntutne of iI/eiothi-r.%istat chickpea Irial citiries inl n(JitIra~ d fiv Ids. WI( SAT 

I MIui 11 W )
6 ~ Is) /(, SLT idsld 

P (A I~0NP)'I-Ull IN~ Y-Jll 50 20. .43.. 1.9 
H I \ Os(JiSt2-l 111-4IIlll iI Ili-lill 49 20.0 43.0i 2.0 
I( x sHSi.iiss-iIt) H11-111 IllHliII 50 20.9 28.0 1.9 
((\ XOSI 4_ 1P-t '11 0-Ill 0il-01' 49 21.3 34.6 2.0 

I( SOO 111 45 18.1 36.8 1.9 
i1iiiC 46 19.5 66.8 1.1 

81 ±0.6 ±0.56 ±3.99 ±0.13 

1n1 cean (25 eI rIics I 47.9 20.73 43.12 1.6 

1\ (u;I ) 2.0 4.7 16 14 

lifellithii Resistmtilct/ Illigit Yield TIriatl 
(VX 790197-23111 Bl-I IPI 11- 12 1 1 Y-511.13-2 111.3-1314.13 45 19.0 37.7 1.9 
(('X ?si,2S-tl1b5'05'Y2'I-Yli11 44 16.1 30.,1 2.1) 

1('' 7,AOs82 1'l SII)'-12ITB21I.I-211I li-BHl'. 48 14.9 32.6 2.0 

W( SOO IB 44 18.5 32.7 1.9 
naelI45 22.8 64.8 1.0) 

SI±0.6 ±0.28 ±3.77 ±0.06 

1 mla ican (25 entr ies) 45.1 18.36 . 8.34 1.7 

C'\V 2.3 2.(6 17 6.5 

http:3-1314.13
http:iiiL];m(.Ii
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Breeding IAong-(ILrationl Iesi lyIpes lie to the I nternational (ilck pca Screenring~ 
Lon IIitioii 


A', itClii taic l'( lV Ilriiroa RUpI)Mt 18 lilies to thec R(>.-l )M.
 
Nurscry IDcsi .ii1 (!('SN-l), andl 

;il~IIIt\ooIIn Wll,'r'rr Hit() 1111( I-,1 BreedIing Kabuli Chlickp~ea 

k11 i F)FLcn nli 1111 , III imi\ iruuFIF \\llilt, if] Idtlliot Io ii ult~l ii ~ iiels' ir biIl 
,I I i miF~l f 11m 1 ( i M ilk I i,"dili Is 7lI ~ ~ l ~II~ I ) ls tan c rI 11 l,11. F) 

" r11 IIwlilli muIr m ilicc mldrlscs' k1.i ip ill, 1k. 117 t conthll.e c )i icitm to 

it l-i- \ lntcI duurrnit hl lurtir ()tIrF I-ISV I s;111( hi 5 .- \\w11I" PItrltt illtVbl at 

l l Insnu rmilku ss I fry il( \.i ;lul hluii1,Ii- and ill0 sIftills iunidf1tL' I C1 Ilsli I II 10 

ill usihirsir Ii m i dI msisrN 1 11llst- \,co ilrui u k.- . srsI rrI t1i ;it llies s( liru5\ri 
I l i i. n Iiditooli-tuus I i-i9i1,11s II(*rliI\IiIi IiIuIiI I5(:ut- u (\ ,Ck' 1 1C uuirlmit: tIuIls (lrir " ' Fir IiII i ""I it . 

CsI~ tu~F I ; Ii W- kiI th i t Fi-m I ilt-it I I (I)) ll \ Is FrruI ( OW ( )I FFWk 11( 
ssnl-ln m il it I(Jid t I~ Ink 1(l iiiH lrriM I ils Sml I lts 's ' l I~ IuI (I % Iun !( (Ih h ~Ilk, 11ii Il 

IsI I I I I FIc I!11. 1 1 1,I lus rllr ti IY ~I!,iIiIl Ftl IuuIli 11r SIs I I I utII -I II"III, W II i I iiiiCi\iC id 

\ltIl~ lmW Runt I S' h-' il trill9 )Fk t r i tlihildr alt: Illistl~c'' I esC I tS. r ISC\Cii t Li 11A 1C 
'wI ' 1-'I i Ssicr11tec1H r ssrs 1)fM ciTd It'r I il ,r~~Iu o Il il o, i Illtite11;s 1 iluc I IIl I/i.-

I I i. i ro. ii Itt 1)1( ltl :ilslm TWH llF Hi 'Rr ll ;1'():HlliIA il 
nI itwc I Ii "lii lfrm:FiT I ritis. cIII (,Il liitp icljurn lAsurr ir HIsiIu ll 

I I',r. FrlI IF.' l ilt 11, Vnr'ICSt , aiiIi Ihi5 l (1c)11 l h l ,, h l L, , ( 11 W (111 's l
 
\1M 1,1 itlrl(' li eFF~r IiHFr I C CL
tisuiImrli Ft'iiis- i rutak-ih i I llttIm iH ' Iii llsollilrr! ilt lj 

FriF :illr lir i:(o Iir I-dIn iu-, ha cliturslirpn-cpirssmutrrrciur S ritc ) 

I )crill in'liiip it t', ls fl d 1lrIn i p iiir-- tcuclst lrciriitoraCm\i!tn A hickpeaE a t to 

S ~ ill - ( F rti d olil -ITM cti ohmI~ F 1111c Il ~IF oFI- F its i liltFm Ir tu )I tu prodVu l, 

kiddt (A)\ IclrS (Ai)f1f.tots rurtyi tis~ F). lst tritlIks FIretCI;lC-ItIkisitrlIiioris WhIcle tIre land is 
Four Plsrnr m.ir11ohici.tFS Kumircl Si h iIlltire Fc kFillOW if I[Cr iicc, itod such areas Could hc 

muk- ilII 20FFS 'tIit (I F1Il FF rIhil F 1) Is%, [Iserl Iiichickpeas. I licic is11lniv,'a ficcd to breced
CIrl: it o A' I ( A F17F3i2II-11 1 HF- stciSrIte Iir oldtitecagds n 

'V~jjg~ RIFid F F0 \ l'ruri FistC( sCt-uCeiVilir'C to~l111 

lI 1 10 1 i I rxr 7-110I1m~ Fri0urr-irl F I %o.l iks 

iri 11Ct.ilt! S\ I(('X 7"0 13-Hil- 1-1 I l 'Aeast Stuies conducted at I(RZISAI ( enter over the
 
It.-rF 413,' t 1I 2FtX. last 7 years have shown that early sowing during
IrIeIrut lrart 11Ltrol 

h-oWH t IY I arid A Y I 's \%~ccrrltliltrilc( 39 1m-id-September results Ii higher yields than 
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"a l)1e 18. Pherformancte of the highest-yielding entries in long-duration desi chickpea yield trials, 
llisar, India, 198t.'87. 

Ime 50'i ),)-sced seed yield
Line 1111.\ (d) ma,,s (g) (t ha t)lI,.w,._ling 


.d , riced il Irial
 
I('(.X 773s2-II' -I I- 11-2t1-!11 80 20.0 3.5
 
I(('.X 7'04 1-III-II-1121i1-211-1 11 81 12.0 3.3
 
I('('X 770)9 3-fI1i-l -IllI 71 14.4 3.1
 

(' t I (I, 

lPnt (I III 89 13.2 2.6 
II 20) 81 12.6 1.8 

sI. ±1.7 ±0.55 ±0.18 

1 mil mean (25 entries) 87 14.7 2.5 

cV ((() 4 7 14 

Prelininar Yield Trial
 

I('('X 810274-I1 -11l-1011-1311 82 14.5 4.7
 
I('('X 81(27,1-1ilI- II-I011-i11 76 14.1 4.4
 
I('('X SI021 -IflI-1ill-1911-BII1 84 15.1 4.2
 

t'ot[ I tok 

Panit (iI1 -1 81 13.1 3.5 

11 20:1; 80 11.5 3.3 

SI ±1.6 ±0.46 ±0.32 

Irialmci (25 entries) 83.6 12.72 3.7 

('v (Oi) 4 7 18 

Table 19. Perfornmance of the highest-yielding kaluli chickpea entries in a lPreliminary Yield Trial, 
Ilisar, India, 1986/87. 

100-sced Seed yield 
line lItTv mass (g) (t ha-') 

I((X 7,0S10 -II1-I)II-ISII-I I1-111-1 ll 31.7 4.1 
I ( 'X 17(1173-Bi f-I 11-11I1-1II-B111 3.7-61 1t-I 30I.1 


( ontiol 
I 55) 25.3 2.7 

S 1: ±0.68 ±0.23 

I ial mean (25 c trie,,) 31.1 3.4 

( V (c; ) 4.4 14 



(hoha IS5 

It()[ M!illm\(5Iing dliiriilt mid-( clilbcr IH'R ISMI is thus dcla vcd(. \\'a4' . utic I I I t 1I 1111 1toilctl-

A11UII u 51(1IQ ).1 141lb: 1 I: IN411 it% 4C1116% -\11a 11st 1 tl togo .I 1i 4' 1 I I44 iI l'-m 11( . kill : mm52 W e41t 

1i lld'!.\' sI. ;111nch a 1,Ho 4( 1lih44Ck tld c1( lis ill %ill ',WI i I I d
1 1l W~ ' hiI (ti .iul 1vi'.1)1o

it >1,1 11 PI441 11(1ll>41111(t4'41 1 h f tlt' 1441L" ' 1411 hI %W\' , Ako t " '' cll wI 4'ili1 [ 414 1 ds ljl1'4 Il 
l ' III!' 4I '.. Il l S)1 ~'-%\( l iidt I'. 1,PiaL4! lt! 2. h)14 i ll.1t4 llt <i4L'OI I. 11.14 h ueslt 

;lld 1_1 I(Ck ' X' I ) l1i> 14111k' 4154hii54.' 11L4 plo.4(15. lotl~ 144111 1441141111hl 

mid l411415i.4141&C1 ic'>44551!c int ll \Id 4(411-' (iItX i)Q,' " I%!1\iIl I LI [dl k\ r P I1' itll111 


>4744 tI li >4411 l) i lMiOAY k'i4ll 41114'
('(Ill 1)11>11 I I',[l~~lli c( I4'l2 Ill 41i.f4i115!121 

111411 [t1 'Fl(SI.isi I 51:1( I.,'\ 21t0j~(I4n at4dithm r454 t l iel th, lieseciicnes 

W)' 44411(111414(1lli\ L 4llc111111!14421 44ph ,i IutCtllt ll) 

111111415it !l1 411111( pk111t!" !\5o 4 114p.\lopum411ti2 I 44iti4I If4~I K 3 

15! c1 tht'-51. 441l'r4Jl iq We4! 114 151115~(llC r4 i Au 55'iti 

lhcw ill441 I"s ;l l(. cii 11 '4:detailed1siic. 11111\ic'I polcultilltil. I d hi tsc 

111415 51421 A i kill4. 11 lAn( 1~it~tiohll 
A)cv45 

11111 114'544,5514244(1111ill4411114 Conduct4 1;4145 1114! 3 lo airs ,1 lic~ation5't4c~iekW'l 4'1~114 

1986/87.lude IIa Ch'[pana!,lol I r(isar. 

ki1114'ec 114111udc 1 0 1k 41,C1 42);il 7d s l in dli I) 

hiIllS f l h I il -c l' l lo )) "Iie i ic l :iti 13.;[ ttl [C n th l IO i g (il1.8 t~
 

M otn ISIII A lC ~l'st' i' T )/,Md10Lll~l FO088 ±0.28ill
 

I( [111 1141411 C tles 14.7 2.8 
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colm n lu ilt Iiot 2 vcml and 13 ltt the lot 2 ,v'icld, 1 he tudy cniphai/cs the nc,!d ior multi
yearC>. Coibiie+'d llIV\_ \ ali.licc ill dillcl- Ilcatiohial t'UStinl! to idCntil' stthlet . CelOtlp'S. 

ctiit~t ~ 1that 'al 1itll, t ll t- IIi) I'll ltlki. i itih ,,'+,ht, I aCCiOI I ) (1 C lHtiC',. CCt (ricd 
h iatlil, tIIIIII)ci , m ilficiclitel.J fttq ) () )ilt'j( 1()tlid %,al j' lI()ypc'," ()\(l ,I a ill location":., Inla be 

\' l"il' llt'latt'thio 7. a ll . vp}'[ I) illI t)\Cr VY'a| .Im) + ,, t tImt )t illd~it+atio)ll lhCil" bt+haI~ ito 

lli c'l;t;ti)t '.,\),c' c c ]; {+ <.'\ ll i . Ill t,' c la l, tIhc. 

, IC)L"+, j(-'lt'l nit il: t1 :;i thejt k tb lih I ,'j}cs+h LI 

5#50,a kabulI h', nl India, yielded Bree(din :l(nd (enefic Studies 
;alint"'t a"'w cll a"Ihll !!. ,''t'i(]' 'tt\;f k 

S5(ieAh2 . R:iliALt t<,t ,ti l atkI(oii Cail, Nlultairin Breedinghitf 
andlt kw t'lion". "!th lhlc ttich ' l~I hl', ,, 11( 11 

t e a 111;lt 1.,ttl ain' h~tlchic', 
-,k'dcc t lm .i; ,,all kit., %i& .[,t,. t' ,lt,, , h~tl '111 I( ('A ] (( '1' ,"200 1), wcrc ,,,LI iCCtCd t o 
1110u alt'.-, In l'i/,,">c tHl;l\ ' 11 1c ,ttt i m ti : ;tia i1111 I t;l l i (k't u r 1Q,6. T[a.le+2 1 

"[,t ll~ thc tu iwlit ;tntmid ','d (it t1\v() k thuhs , I( -W 6(1('(I('C 32) 

~ i la 11 

d ) (T tI(u 10 0- sc v(I v ;ll III oIIfcII IIfI A14hv 2 , R 11 iI 0 11 1 1 ",. , IA i k, II11 W II Ii(itr II' c(l~~lt.chi c ,(_: 

Narietihs I((" (i ((T C IV( 1. 182011) for rai I(I.SA. 321 arid ,V2 (1( used maaaaa treatment, 
(euler, 10)6/N7. 

(imimli iadialioi (K R,,d)
 

\ a iti\ I]30( .;5 0 W o'nlroh Inliass {y) cilleilll (<I 

I(.V (V ICT' 32) Sp .5 5 1.5 1.5 20.7 9. 
IHVV 6 (I((( 32 1 - 1.5 - 1.5 19.0 8.8 
I((V 2 ( 82001) Sp 0.5 0.5 0.5 0.5 22.5 IN,.89 

1111 Ol J.0I(V 22 I N I .0 1.0 I.0 24.7 8.5 

!) " Xl~f~h''Xtii ll'liii fI:. I ;Il!k' .ittupc 

I abile 22. of radiili i n ol ererlierlc', pilall ,Ilui a' !IIll-sueved i d for'flhct l a I ,, lilis ! seed(I 
chickpea "irarities I(( C\ 2 I((I1. 820011, and (( N'6 I((( 12) ingv-phil iftsiriigs, I( TISAT 
(tuber, 19H6/87. 

I'Ptint qii ii 

%i-' .d d}'I i' lc) c X' 111 I~, I , )[ (- ill't.,, (y )t dMtt H Ila i 

do , 

I~ai~iithWi 

K(K , J ( i l(T X20i l) (. 

0((1(1 

12 1 

(V 

I(lT ,-21)(11)I 

1( 

in I;21 

W\t(( 

(H (I .SAliu II 

1( 

((1 

\ 

Q) (I 

1(I(A' 

Ii S

2 

21I) t 

I('(', 

I( 32) 

0 

15 
3O) 
5 
0 

40 
26 
48 
36 

54 
2 
49 
51 

43 
23 
43 
33 

54 
25 
51 
48 

25 
23 
23 
23 

18 
19 
18 
19 

I L6 
0.8 0.7 
1.6 1.6 
1.0 1.5 

SI ±6.1 ±5.8 ±0,5 ±0.17 

Meai 39 45 36 45 24 19 1. 1.4 

('V i) 33 33 5.0 28 
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shows radiation doses , sed quantities, and some Iuropean IFceoionic ( 'ollmnlitv ( lI ( '), IA( ),
sCed CharaUteristiCS 01 thU tWO Varities, th llInteriational I)eselopltCnt Research (Centie 

The maln ohjeetives ot the treatiment weru to ()l(), the I lited States A\ot for Intellm
IlC're.CSeM]i/c, induccrc.s .taln to foilardiS- tioMal I)C%\,loplillnt (I SAII )), and Wir'otlk 
ciie" antI saliiiit.V, idlrll line III.the h llacter ft Ilit ulltiil',. I he (list l oilIN centll l Ulf lrollld 
telumlifla;tu t , h, citldu itlatin and strl ll."l inijip Ilations;hips 

I lditt sWeest ,Wel on1 1 OlAo()tohr 1 hCt\e onoir acincicstl I(IIAI toa''il 
a rInIjiM ll 1( i, e 


olill ic)LitItiW,, iII d-1ros i lots eaih ,l-ii 10on1,.
 
."iUniiiaiCtl Iesults ale sfwio\i ill I able 22.
 

t in i hOteIl. et? trial w,''itiW dutplication tof effortl. 

onts Mtmorainda 

'ie ,s,Imoi tile 3. k.1 o(fO.ts.,. and Iot the yield ot
 

1( C'V 21 I( VI, 2)_0P) Iatet:tCd with 15 kR. diffCr-


,+\l ctl 1t.h dlvilatil! .ttll cstan aitnd of Inderstanding 

Althocldi I SA liAIhe, ot llaioratingwith 
LneeINthtcul liatlnt. ,le insi!lificattt. :,lanv Asian otntrICs in tihe pa,,t, Memoranda 

of, itcdr stall inI!,( ) Is) were signedl to facili
tate the ILOVCtICIt (01mItCrill and sicittists for 
collaholalti\' rCeiel activities. 1)unring April. 
the I )ircctor (ieiite il d ;i111n 'I( )I; ct Ih the' 

'iiiistirCI i ) i ltIhii a I )0 'eonMiCnI and111ReL(Cooper'ativc Aclivitics Sch. Sri I ,IkaI: adld iII )eeei"Ihe aiiotie 
\witll ie1 Scelclir\ of .\Icrit'liftit. llsi Maiesty's 
( o rlllileitcnil of Nepal. I ie I ( ) Swith i dOiiC

'J1ii1 (,;rlii txl;,uncs Ntwork (AGiN) Nil adin til' le''s tRpoillic of ( 'hiIa wCrC 
reC iNed. adtl arc xpcted to he !'ic'ld Carly iII1Ih, \ 1;N.\t ;tI,<"li~ i,/ III19.'-(i i;1, w-t"(,t (,I It9k,. lIlw it c " lc l \ ,Nl()l ", w ilhl) a i ',i
 

til' I Ml i hllll i tltlli11 itle ih\ 1ktl' tl l t;k o sh. 
 Imlilii. I iakitii . it I'llilpilnes, andt((i ttly! ,l'lim loti ,'<,llli lR'( li t '.,C , HCIh M )l I llilallt. O~lii_t -t'\cmi Initial Cot act t s NC'rC' 

(,i ;tt IJ t'!'tllIlt'I, ill I)> (it IS,,\ I iii-i lishc w ith i A I'liil istill. tilt I)Cilocratic 
ititd ltiiltl
 

litw k WV\{.;fltl PIlti~II l;w I (,)tt' I;tilill
 
+ mI) Ntl V iatileud h% P litll",N (tpiihlie (tf K oi ., alld Vicl aii.

( 

St'!tlliic ill 11P ; , I I( RtIS .\ I A 11\1il llpol Iut i
 

t 

timdii li5s,tll ;ililo OO Iiltl oi kl it: \atilt

1t,) . I , lt ld <)h~lctike + PNIt) lacilitate \'Vo'rk Plans 

It",,toi (It l'ot, tot II I kt llit llltiolil of lcetiilsP11\(dre Ih' i l IiiiIpl !tlIShI, IBuriiia, NepIal, 
cifotlldtlitlt. t'1110 pa.C ;ll ill oli;i ii H AiIthe ;\5 li i i llLanka to develop detailed early oVrk
iCt_,io+n, TIClu~tLIH1, IlWltI]()',[ Lo( [Ill , lliMIE %%Ilh P~lilw, lbcailn iII mlindl cot)n iraints Ito yidld, anld( 

hit" "ptiatlwhichi 1( l'R>\ I ia t ttiooiililp it+ l earth iinld ill etaefi c)(l1tlr\, ani tIeir eapia %oklilli, litM1% t(l~i~l~ t~ ,litt % l W(':A Ritu+w I 1+ lCIIt c .tttiit+l ts lti Ira 11111 aind~ sp ~ciall, 

NV Itl~ltl, N. lesitrcih pl ufeetN h v',: l I).Ceii identtilicd. 'Ihie 
I heW\( " tiil;itM ith Vhaitl tio'lilon .'\iaili )eiffenlopiiient Bank (AI)) has agreed to 

titili liie.AL, ,  1 ll',ittillim ii O l Icttionli provli c lii nlleial support to the foulr so thij<itihl': le \(\i 1 <t, leot'n ilii tiitl S~c Iifi ( t ill- A~i;inlcoillliries ,to~elahfct lte iiiileiltiilationl of1 

ill"Ilmll lot *\Nii illt ilt' ';tiie (I.( )\ tlieii Work Plais and each eot titV has idunti-
Rcni oiiil l (tc rtl.k> ceh litt coorildator(N ) who will liaiise with A(II.N.( 'o rtili l lot <e liM 
I )esefopmlit ott (tie iiilN. Itlses, IaoRtNw. A pc'ial Work Plan fot Piakistan with Cillphai s 
alld I iher (lop' ill IIl lhtI IllIll I to icsj I Asi onil lipcoll Ci , and telltitive work plans for 
aid Ile Pacific (('(il T I ( 'iw. te ('aiildiaii1 Ilitilcsi;i, PeoplC'S RepIuhlie of ('hina, the Phi
IltC'llitti(ilmil I )eCelopiliIle t A ecii'.V((I I)A I, thC Ippilllc, and 'hailand havev beeti developed. 
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Othecr Activities 

W IiS,,% I scictti undt oolitk crop surveys, 

pam~iiticd int L'tiitj!iictl tIjii ;i, p;.r i 

att2iccd \\'uirk i t ats 

I lic Iisi, ;IIIi \( ;iiI N ( it t tiots 

ille Work tie of~~t (~itt.t;it I IWl 

:\(oii N 5%is dcs' l t (11i ti ill \t%;iitts ss imk-
sI(tpR It tit I:a1cdAhdi I ofI,_ vci()It it idSA it 

falle l' (. hctrraiott 1)"epi akI .111( usre 

A~ilthal 

(11Nt 11 II ~ I tII ]( 11 ( Ip ) I'% l 

IillemautioiiaI Triails and Nurseries 

Duiringt~ 19S80t ), \\'c ciil I I dliffrenrt types of' 

t" I ahle 23 Wsi hcsc tilt! show how manyt\ oF 
.ICh ivIpC VVIdc slt, MiR I ablei 24 dtiki nalrocs 

01 (-()uiti t-, aim! numiber () trial sets sent. A\s ill 

c;c wdilt a arlisi sp)Ccil it t'Itttsts for disease 

Ie itt i at uiti- pc iilt, n i groth y\'il. SlIp 

1lied and I n cutt~ iiitu io~ll set t o 1sedsfferen)11 

(,enlfto osall r tr in %.c986/ oore8il7.-a 

il p c\111' Al lN tit he ti ls 

itcit di 

si tl (t i H 1) Il t ittI ickm itll \Vtiian pNcm 1( 1 XXNiv a and vaA ion WWNCI 

p ItIlpt Ci'l n e c m ",\ . . d n ila ltIi . Ih 
A"a utt )I Ii ck ch iit *(d. i n ",iat%\I) NtticillI hi i p ttutIir iodi , lil R 11 C I) C (d il IihCa 

itcic ( ill,N -IM in 5l rOvs!t i tti itt I llicliiesiiiNr~ i ianN titi m tw 25id6tit l~c iiraiitit 



--- 

(O7k-/pea 169 

Tunisia. At most of' these locations, 1tcliothi.s allecting chickpea in MeXICO. 11LcsC tests, our 
ainiLI'e;iw,as found to be the mai or pest, 11. Iea /c/iothis-resistantselectionus showed a lew level 
and II. aii.sccsns were reported as pod borers 	 of borer damage at nost locations, controls adll 

suscpIi blc sClcCtion, ShowCd greater suscepti
bility. We are now cvaltuil.: the perlormance of 
- if-tcrcit sclcetilol 	 alta i 0.. locations to ascer1able 2.1. ( ounlries toalid".t'r,nureris ilbich 	chickpea trials tdstrbuld fr m I"RI ,AT tan flhcir lev.-l of't1clioti. resistanice and regional

adl nurseries, scrv 	distributed fromi ICRS IJ';* L~~( 
('en(:cr, 9g 7 	 adaptahility. 

", iii N iIll h',i' CIii
 
)istribution of Brevt!edrs Material
 

IH11111,1 7 We supplied 259 samplcs of breeding materials 
t Co peCr,,ois in 19I oun9riel against specific 

Pt I reqetsts. 
It:i 3 

131 

te.x, 	 I Cooperation with AI ,PT 
Ics 4 

I I 7 Our CoOp% at iol with A ITFIP r( mail:ed fruit
i 'akvl~ti 10 ful. We coniributc. seven new desi lines I(V 

I'c) 1 17, 18, 19, 23, 24, 27,ti atul 28) to A!(Pl'coordi
2 ntd triaS 1,1 te llin ihC 191j7/88 season. 

.1-OrCiriCs from the 19M, X/ trials w'ere pro
a lloted or rctained for tliici tcstiig. Tlv r most 

I oi,';nia 3 promising variety wa, prohaly IC('V I) lthat 
Ihuand 4 was ranked first in the ( :utral, Souihcast and 

.185 S /ones. 42C('with its large attrac-ISouthern I 42, 

tixc sceds, alsc did well in the Southern zone. 

Table 25. Ai erage yiehld f best-performing I('T IS .'0"entries in intern, lional !rials, at 7-10 locations, 
1986/87. 

A verage yield 
Ifiglicl-) itdig Yield as po'rcentagc

I rI~l n (t ha :)of Control 

ICkl1: :rCeip Nurscri elr ldCI 

I )c',t '(l( 	 .llllI 26224C(*1,CCI. 1.7 121
I)cNI n1,CImiill duritioi ICCI. 85301 1.4 130
 
1)i h l iu ii,:iolii 
 I(CI. 86445 3.1 128 

1il".1,ini ( 'hick .':t Cooperative Trial
 
I ,i i,,,:f tSl: ll)ion I(C I - 84204 1.5 106
 
D)c' l),'iiiui dilatiioi 
 ICC'L. 85333 1.8 122
 
i)ey, h)Vr dufioni ({l. 85401 2.5 102
 
Kah ICi l(' . 865t04 2.3 100 
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IC'V 13, a kahuli, yielded most in the North-
west Plain zone, while IR('(: 42 yielded iost in 
te (rant Coordinated VaiLtV Trials for late 
sowing in the ('entral /one. 

We supplied I-ki hatches of seed of l('( V 6 
(I'( ('32) Q u"inikit n als in the statcs of Bihar. 
(;ujarat. laryana. Madhsa l'radeslh, Maharash-
tra. I'urialb R islari. and tittar lradesh.-,,ttitodc 

•We supplied protliisine chickpea .,'ains i 
]are ClUanti s t,, ,l ldapt~i0.. Itatcs in India fo 
tion trials to he condoitdcic in 19N7 88. n 
Andlra lPradcsih, 35 b,,!seed each ofl (I('\ 2 

'IT 82001 )and I('('V 5 MAT 8(0,), 51 kL 
seed it 1('( i('/ ldnI k sNccd oIl('('\" i t( ''( 
4) cic sent to fty hm:ttin,. fit Kara ka. 6 
Nund of I('V 2 l( '('. N2))f ) and S k5 see' of 
[( '( 5 (i''('!, I t' eI( sct it il tOV o l a2-
tions. Ii .iidhva ,,h. sued each tiAMl' L 

[('('V 2 ( ( 'f 'I 22))1 ). 1('(' -i ( IC('I. ,T )4. 

and l( '( 'M' ) l(( IfEXNttt9).. '1) seedof l( ( No 

(1('('(3 and 58 Wsed t (('('42 Nvere..ctl 

to tSo Ioc;;htion>. I h lar est quantities were 

siitllc tI(: Amita'ahlitra, iniltudihrL, 37 ku secdiof
 
I('( 'V 2 (!(,'(1 2001). t87 kg s:ed of IC('V 5 

M(( I 8.+H39t. 131) li ,s l( ''V6t (('('32), 


145 Q_ ',ad of( '('('37. and 210 k sc-.d oif l(('( 

42 it 7 hInotaisn<. 'In (irissa, 5(1Dh< 'e of !('('\ 

4 (( '('i MI0L) and 55 Q Nueed (o 1I('(. 37 wti 
SUltlliau. antd to lairi Ndilu, i kg Need oflI(('V 
2 (l(';'l ,2001) was Sut it) conduct trials ill 
collaboratior \ith natomal scicntisis. 

Cooperatiohtn with i ('ARI)A 

'I he ob.jective Itthc( I:\P1I)A; It'ISA'I K~rbui 
('lickpea linct is io dvclop stable i.-h-
'icldinr, ctiiars and ,_e+Crioie stocks hoi' if~er'et 

aro(ctipical ctnditiotn,, mainly in West Asi: 
anwl Irlorthirn Af rica. 1,'I.SAl' has a breedcr 
aild :! pathologi., sttioixc' at I(A ,J), 'or this, 
ptl pose, afld support ill o hcr disciplines is pro-
,idcd y I('ARDA. 

Miajor goa(s are to incleasc yield by irinhuu-
Vg witer sowine in the Mediterranean IreCin 
aiid b', devcl.:pin ir'rivation-respuinsive Culti-
\'+irs for the Nile Vill, and ('e!n' ra America, 

and to stabilie production by developing gno
types resistant to physical stresse; such as cold 
and drought, and biotic stresses such as asco
ch\ta hli'ght, fusarium will, leaf miner and cyst 
i milodes. The work on, lusarium wilt is con
drcted in colahboration with the Department de 
lP;ttolo.ia Vegetal, (iordha.. Spain and on cyst 

\\it'i the lIntituto di Ncnatologer1 
\iai;i. ('NR, Bali. ltaO . 

IMJi.sical Siress 

(old0 toleraince. We evaluated '150 lines and 
rated theon oa I 9 stale, where I - unaflfcted, .5 
Yt l irnt.and 9 - kilod. No line was rated at I 
or 2, hut 0 lines were rated 3 and 30 lines at 4. 
( )!i hu'lndred and twcnty-Cight lines were thfer
ant ( ratirip, 5) (1 able 26). tqcrant line', rnhluded 
1:1 1PX2-10, 11.11P 82-131(C ".1P &I4-12(', 
fIAP 85i!s'. 1l111 85-49('. and 1:1.Il 85-81('. 

UnpSlionseloirri'alirn. Vc rwltwo trials, each 
conprisirig 24 genotypc>. olte raiifcd (Trial 1) 
;ald the otlher (1 rial 2)wit h su ppleierntal irriga
tiot ( 120 r1:1u inh during the 1986, 87Oc SeaSon) 
wintcr, at TIl ladya, A randomized block 
csltg wih thr replications was used. All 48 
vc notypes had bcen screened dtiring 1985/86. 

Sued yield following sipplemental irrigation 
incrcased by 74, in 'rial I and by 70% in 'Trial 2. 
Most genoty,'cs prodteed more than 3 1 ha I 

with iriialion and less than 2 t haul without
 
irrigation. I11(' 237 produced tire 1iglhest yield
 
(4.5 t ha i) when irrigated, giving art inciease of 
919; over its yield in he ;onirrigated trial. 

Screening for 2 ycais has hIclpcd t5 'dentify 
ir'rigution-responsivc lines. '[he pe lfot nl.ce o" 
five such liies is shown in Table 27 Secd ,icld 
tlidel rairlfcd conditions almost doublc with 
stppiernental irrigation. lines that respondt'd 
most to irrigation weto average-to-poor' yielders, 
but sone of these lines also produced high yields 
under rainfed conditions. Such lites could he 
considered drotuht-tol+erart because Tel lad;a 
is a low-rainfall location and chickpea is not 
griwn by farmers under these conditions. 
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Fable 21,. Response of chickpea FIJP lines to ascochyt-, blight (A sccchYfa rabiei), leaf miner (Lirio
myza cicerina), and cold, Tel iiadya, Syria, during 1985/86 and 1986/87. 

,\A cOCIit Might 	 Leal miner ('old 

,No. of PtCClltie No. of l>crCeltaeC No. of Percentlge
Rating' eItries of total entries of total Cnilrie of total 

2 0 	 ( 0 
3 	 42 0.l 0.0 6 0.8 

5- 8.0 0 300.0 4.0
 
5 00 14.5 2 0.3 128 17.1
 
6 128 18.6 
 58 7.9 161 21.5
 
7 150 22.6 652 88.4 165 22.0
 
8 	 20 2.9 25 3.4 175 23.3 
9 188 27,3 0 0.0 85 11.3 

Sotal 	 69 Iot1 7.7 750100 	 100 

I W J-HIcdl OH I I hcIC - LI'ctfd, tI, h,,ce',. I AJ :, th aoN id ( ihl,tiSC,+piHle. 

-
"Fable 27. Mean seed .ill (t laI)of fihe five chicklpea lines most responsive to irrigation and the five 
hiighest-)ielding lines under rainfed conditions, Tel ladya, Syria, 1985/86 and 1986/87'. 

,
I 5S 8 1980) '7 	 ean1 

I~lera~e nereaIse 

pC I I:iu tc(Wllt .\ RI I M :(l (th11} ' I [ilcd 	I l Iefflg(thI ) (1 IRaiiled Ivrit'ated(t haI) (C) 

I.C 202 I .5 2.15 .10 )5 	 2.83 112 2.49
H 1.33 I.49 1.19 1.310109 
Il.l 83-53(C 1.41 2.79 '.37 97 !.79 3.148 1.69 94 .610 3 :3 1.53 96 

Sll) 83-o( 1.25 2.45 1.20 96 I 68 3.15 1.47 87 1.47 2.80 1.33 91 
1.Il1 83-71 .31 2.56 i 'S 95 1.85 3.33 1.48 80 1.58 2.94 1.36 86 
lII '142 2.11 3.,, 15. 75 1.70 3.43 1.68 95 1.93 3.56 1.63 84 

I)rotght-tolerant lines 
II.C 127. 3.13 3.25 01.13 4 2.27 4.28 2.01 89 2.70 3.77 1.07 40 
IIAC 100 2 44 2.66 f.22 9 2.58 2.95 1.37 53 2.51 3.30 0.79 32 
II 0" 13 2.56 2.75 0.2) 8 2.43 3.70 1.27 52 2.49 3.23 0.80 32 
lI.C 1929 2.75 3.18 0.42 !5 2.()L) 3.4) 1.30 62 2.42 3.29 0.86 36 
I IC 130 2.32 3.15 Sf83 36 2.53 3.76 1.23 49 2.42 3.45 1.03 79 

1. Ihc en etrIIc,,%\C..rspfreadfi11 t6ial,,dutng 19X5 86 and 2 ttiak, din int! 19Mt87. 

Biotic Stresses 	 (I.yrioll yza cicerina), cyst nematode (Hetero
dera ciceri), and fusarium wilt (Fusarium oxys-

Screening for Multiple Stresses porum f.sp. ciceri. The results are briefly des
cribed below. 

In the past two seasons, efforts were made to 
screen about 800 breeding lincs for resistance to Ascochyta blight screening. Forty-tw,, lines 
ascochyta bl; ht (Ascochyta rah'ii), leaf miner were found resistant to ascochyta blight with a 
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rating, of 3 on a 1-9 scale (l'able 26), when They were arranged into eight groups, on the 
screened in tile field against atmixture of races I, basis of their morphological characters (Table
2. 3 and 4. Many other lInes showed ratings o 14 28). These groups were then studied for their 

(lderatcly resistant) and 5 (tolerant). [or a reactions on 15 chickpea differentials. 
corijitiercial CUltivilr with Ilicld ,csistanee, ratings lIhe studies were carried out in a Coniron 
of 4 :ind 5 arc itcccptablc. chamber at 20 (' and 12-h daylength. Se\Cn-day

We scrccned 7-10 brecedinl! liics in a plastic old scedliiigs were inoculated with spore suspen
hf'ouse agrinst the six raceos of .wose(oehvt;I rabiei 1,ions (20000 spores ril 1) and 100% humidity
bet+c%,ci Noxembcr 98, and April 10)7, when was riaintained for 5 daYs. Observations wre
th il pire w. faxrtiblc lor disease dccl- rcorded 10 and 15 days after inoculation, and 
opilclit. While It line scorCd I on a 1 ) rat inr the experirucnts \vee repeated to confirm (lie 
scale, there werc sxcral \w hich sho\ed resislanc restults. 
to indlividual aces. ,xcepl to racc 6, to which onl\ Ilie preseIll isolates ( A to I1) could be classi
onc linc showcd rcsistatncc. P[ orlisine lines will tliud into either rmild' or 'aggressive' groups on 
be cx ;Ilfiaicd ill lCplic:tc(d Iial" neiXt scason. tie basis of their capacily to infect tile plants.

t++,i the a Colnslln',' cnviron-- Isolatcs A, BI,C. and (I \were tmild in their reac',e facilitics of 
mricioil ,roX\lh chambe., prionisinp chickpea lios aCISS the chickpea lines, wheicas isolates 
lilhe, \\Crc ScrCC1iCd il;rinst itcC 6 and islatC IF 1), 1, F, ai' II were aggressive. Isolate F was 
(isolated Itmiil itle diseselilcIIr). I-olate I was Fitre frequently isolatcd from Tel Hadya fatrm 
more agressi\c lhan ra,' . [oul lires, Fl 11' this season. Ihe differences in disease reactions 

Ill1 1,W,5-57( . 85-a( 11,-5131 .', KVdICC- were tot clearerough to classify thcm into raices. 
aitolcran reacton to4/ .ihowvd ,tt aces alld I.. Isolates showed variable aggressiveness rather 

than \irtiierrcc. 
iPatholol-ical varialhiitN in .A.scochyt., rilei. 
I)til il,, 19'6 87, lixci l1ll isolations ofdA. rabidC Occurrence of a perfect state of A. rahiei. 
x\ci Made ftorn resistatl and susccptible chick- AlIosphaerlk rahiei Kovachevski, the perfect 
pea lines gro-\ving ill the disease irtrsI'ry arid at state of ASCoch 'ta rabici(Pass.)ILabroussC, w\as 
sclt other hcatiotis ()Iithe I el ladya farrt. first discovered on overwintered chickpea debris 

lable 28 .1..scochta rahi'iisohltes grouilp(cd on the basis of morhliological clharacters froni 'el 1lad ya
frillr, Syria, lebruar.-April 1987. 

No. of
(jlotlp (",Otl.') (0 011.\ cOIhr Ps cn ifdK()U) 1'xcnidiospores (p) isolates 
\. lls! dc tlh, (lill I(). clicklpCa ', ulr TIi Bro\. n 1n. " 178 3.8 " 9.3 10 

Ir () ll I-tIc ld 10 ( \'0 Ntllte,,t, h0) 

If..All N:iiiscri 7k-11( 23 inl other iriected hlncs )ark hrmow l 204 , 251 2.9 - 10.7 17 
(..\li Nuiicr, i(7\lI ( 179 1-icl 9-1IC' .182 )ark rown 164 218 3.2 , 8.9 12
1). Alt Nuisc ,. (X7) 1t4an Ical pots, also froill )ark broN 190 21' 3.5 10.2 13 

'icldfs 1 and 03n 
1.II.( 1929 limlw poit il Ihe hill. hot debris light browvln 154 16f8 3.0 9.4 9 

F.AIt N r[se (T7)-Il (C'" l)ark black 266 - 315 5.2 < 10.7 32 
6. r1n siigle pCritihrcllll Black 151 , 177 3.1 - 9.1 3 
If. flost d(chri, (.un 861 l)ark black 167 , 191 4.3 " 10.2 4 

. Solait 1iscL Ill sllLtc, aldf ,t-lCd aS glmil) rcpiesentati\c. 
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in Bulgaria in 1936 and subsequently reported st ongly supported the hyvpothesis that the hoe
fom [USSR and Greece. Recently it has been ulu could he disseminated by wind.
 
reported from Hungary and USA.
 

,A\t Idl Hadya, Al. rahici was discovered on l 'usarium will. A total of 734 
 breeding lines 
o\'crwit.ed chickpea debris, particularly on was No wi with twvo susccptiblc controls J(i 62 
stelli pieces in t field that was sown) with chick- and PV )0. in a %%ilt-sick plot duriii 1986 87 at 
pea in i)ccmhcr 1985 aind had produced a crop Santacil-i, Spaiii . Ioth susceptible controls were 
'-C\ Crclv iiifIctCd %%ilI aSC)thytI i b li t. 'hI C s\ alereield \cr\ %10 test evntric. i lie mlaltrial was 
was ploxvcd il lhe snie i of ,,ugumt I9(t) and c\abiated hv determiiiirile thc percentage ofdead 
wa, , sown twith wheat ini D)ecniber. ioun plits after 2 nonths and :iuain a onth later. 
N s\ni hru I lii in16 1 b-iul 1r)7. Icnipcm - I he duration of the crop was tlhrce and halfa 

tttli' , CIc low, r iWi nroi t 2 ( to 1 ( rihoitli . Pt V (1 had a1n )ialiv rate btiween 8(0
t l in \ t)t ln u cii cl i debris lyiir_ oti andll( itI l th- lllIscrt, hut talitvllir toit \rllll 

Ill slif;lcc o (lits ,sil, was ,.ilall\ 
 collected taiied in .6( 62. Si\ lintes, \.CrC icistlialt: 11.I) 
aind cliticall, cxaiiiilcld ruder ie nieicoC~pC 8'2-7S(. 84-03( %.,4-I i ( . 85-t)(' , s-30, and 
Io lit' i', l ce p.ihcciu. ,l5-37( I able- 29). hc c\ill h( ,own again to 

Ire bcrIruiinrut f 5f;ticli 1)-7. lerihceaii conliirnl thc,, erilu s. 
ciy ol)ci \d oit ociwiniteicl chick lieu debris.
 

i , ,.,lei ).it, +r,, p,."enidi ! h c.i,eil-
 ( I ltlel tod'. \,', -i<c 7-110 brccdine 
i~rd tcrt ill pl:nit islrc. Ilhie \.cic IloriniilHCei lilre, illi a -ccilli ,e. rrin ll icilllttotc-sirsc
shl11 the I-s CddCl lk \\isn tiiitite eptibleIC 11 I))2)' a,r)s 'i ii l. lemt sCCds of eache 
stcrll. St Cral ttbsc rtit)rrs confirmiei Il l t tile line \\cic sown in tN\o 5-1 pots filled with steril

rnrii t i i 41fle itictia \s :is, l tch in, iiilecirl icd )soil(21.1 ,' .and, 3..2 , sill. l(t.0 clay,and 
plainit tissuc ().0 ori tliic IIaltr). arlilicially infested tIh

IhC ps-rihccia ets-i rlalk bivt\il It hlack, c1t c\gs' ola S\ rin pl)l)ut ion I f lctcrorlcraCtiLVi
 
boe tih a piritlcial bak tlliitdiu andliic c0r
ict itto cs andunl ic\iiilc, ciii soil. Ihe 
,tilt1 82-156, - 1.75-255 , l.h sacitr c\ i- lCCiihoilst ICnte Cl.m iire rallt Il frtrin l 25"('.

tfl icvil. _l'\uitalc, cii tc , ped(iceilate, liic:tlii ii; [i It iys aut r clli clitlt., me plinlt \\'eir up
5 I-.70 p - 1(-I p. I he asCi .Olittiillc cir rt li\.l 
line. ovoid i'()sttpoics di\ided iito iwt lie(lru uil 
cells constricted at the CelUrN. icasuiririe I3
2(0 p 5.5-7.5 _. Ipolumit l lrom sin.Ic pcritliccia M ei'2. Rles)O imv of e.'ickpcar LI P lines to 
yicldcd culturc's ol .1. ah ii, which eitc plt ho- , s ltneniaitode (Ile 'roderu C'.'ri), Tel Hiiady
genic to chickpea. S ;ria 1986/87 aiid to filsariuni wilt ([iuYritn, 

o.r.Toruntf), Sautaeilla, Spiin. 1986/87.
Llii leniiolot of asco)ci bliWghl. In .aru nary 
1987, htealthl id slrfacC ,lcrilited K- 5 ,odiiti (hlr ruriu rode liiruni V\ill 
hypochrloitc, 5 min) chickpea seeds of blight- No. 01 t'erccutraprs' No. ot tciceiirage
susceptihle II.C'( 1929 wel oiWl in 0I plastic Rainrg entries t ol toal entrie of ttal 
p ts cotntaining steriliied ')oil inia plastic housc. -.- .- . 
'Ihese pots wcrc then distrihuted over 20 oet- 1 0.0 1 ti0 
tioins in Icl II adva ill Cuily FbCtruary. Ihe plants 5 0.SIt 1l.7 
Were Cxamtined itcr .y r 2 daiys in the early 1784 2-.1 is 2.5 
hours of tre-'iriin uforus ((11y)allit'ht syrnp- 5 471 03.5 704 95.8 
torin, '. weather M arch I987 was quitelhe in 
favorablc Ioir ascochytl h1iight (1 cvclopilient. ,tal 74) ilt.0 730 I0t.I 

lhe O curclicr c of ais,ocht\la blieht inicclion Ir Mcatjctl ot I 5.ca , hicle 1-unaltcd,3 ntoe, r. 
oin the lcalhcts of lI.(' 1)29 dlriint,. M arch and - killed. 

http:o\'crwit.ed
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rooted, the roots gently washed, and the number 
of female namatodes counted. lines were rated 
by using a 1 5 rating se. where I no infesta-
tion, 2 7 5 female, 3 =h 20 females. 4 =21 50 
females, -. - .tid 5 50 females (plant root) 

No line was nemnatot-rec, hut five lines were 
rtcd 2 and another 8 lines were found tolerant 
(I able 29). All these wvill he resClcelled text 

season. 


ieaf miner. On the ci Iladva farm, both the 
1985 86 and 19,,61,7 asons were favorale [or 
screening against tcal miner.A total of 737 breed-
itlnlines wcre cvaluatcd on a 1-9 sCalc where 
l highly rmistarnt, 5 : tolhuat, and ) hrirhl2 

s'utsceptiblc. None of T lilies showCd i rating 
of 1-4 and ()Ill\ two line\. 2-3( an.rird 
FI Plll-92(. had a ratire 0I 5. I Ir' rclaillitii 

lili.,e showcd susceptibilit\ (ratings, of 6 9) 
(I able 26). 

Plan i Improvement 

Segregting plotitations. We nade 450 crosse, 
in 1987 including 350 crosses for breedihe in 

Syria, and the remaining for Italy, Spain, and 
graduate students from the I('ARA training 
program. For the first tine we succeeded inmak-
Mg 50 crosses during the off season at Terbol. 
Wc grew 300 F, hulks and 15 001) F1 to IF, pro
geny rows in the ascochyt a blight disease nursery. 
l)ue to the appearance of ainew virulent race of 
A. tvlrici lhe crop had to he protected with flingi
cides. The 1:generation wart!; hulk harvcstcd and 
8001) single plants selected from F, and l gener
ations based on maturity. height, and seed se. 
tHur hundred ani( eighty unif rml anti ptrrnis
ing progenies werc hulked. When these bulked 
lines were ,rown for seed increase in the off 
season, only 32') produccd seed. 

'ield trials for winter and spring sowing. We 
evaluated i[. ox iniatelv 3()() lines for yield at 
tel Iladva and .linderiss ill Syria, and Terbol in 
lebtmrro in both winter and spring sowing in 
several t rials. A laruc urruiler of lines outyiClded. 
the control cultivar. I.(' 482, by a significant 
margin, unlike carli<r ycas., whcn only i few 
lines sinificantly outyielded the control (ltable 
30). indicatini a gradual inmproveentnt in yield. 
I he coefficients of \'ariation of the trials were 
I .ysUgeCstirig that tIe trials wcrcwll-ntaraced. 

Table 30. Perforntance of ne'ly developed chickpea Ihies during winter and spring at Tel iladyai and 
.Jinderiss, Syria and lertiol, lebaion, 1986/87. 

Nrr 1iner ot 
,e.nt
rie.s
 

Ntiher of signiticantly 
entries exceeding 

Number of exceeding controls Rarge of 
Location entries tested controls' ('= 0.05) CV (('i) 

Winter soving 
Tel ltadya 376 69 5 9.927 
Jinderiss 301 12; 6 12 -31 
Ierbol 322 106 13 6.7 -21 

Spring sowiig 
Tel Ilad ,a 323 145 4 12 -24 
.irideriss 242 103 19 II 31 
lerbol 258 62 13 10 33 

1 hleI. b stcnitriol , is It C 482. 
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Yields \'ere not siohigh as in the past hecause 
thev were adr\crl\ affectCd hv the nntMISallv 
high tenperitres dtiring the laiter part (f April. 

Heh'ase of cultia-s b,nlionail,oramns. ( )ne. 
t he majol a ,t+t,, ill ilhc P1,011t,1 i1 In stielits 
thel lit te lich l th i;tt itatl aplrcuhtinala 
C,CstCh '-,lin' \\I ,if)>l\ li' e itCnia-

titmtl 1il 

fIiittt 


+t\\ t, tut 

ts, e ;J-, 


.it., I (I \;mplk-, dmitie, 19N7 \e 
I'<I 1,hitll(tI tI t-il +ii , t! ntli,,i-ll I 

. ' II l l((t hIi\iA\ htetCti 

it 11'ifti 5 1, lli. t hiii( '(1-ORti 0 

t+tii~~~~~~~~~~iln h '.c 

\i atiht.\\lh tIt ernitoI 1,IN+ 


. I',uI w e. I ,v 
[11 \1I'tlliit ;tilttie 


>i i. Alli
[~ti :ifitii 
\lueItsI i tItIli Iti 

1 [:ooperatioile .'d I i t _ 1 ilr' 
reioii titlo t l.
it 


s!
Itl Itliitw!il e lcai it't in 
Iuit, nt a IWl A .\ .i"li 

il i i i t nhhit'p!ic. 

s ( I fffI 11) ,-Q( ile in\,t<e. II 

5(.t*di! t[ t.', siitiittil nd p c'wlt.,+,1ii1-

lhc .1,Kabuili chickpea lins schcled from 
iational programs, I(ARIA, 1986/87. 

("l litl 


('l m tY 

,\1on'ceo 

Spill 


Sutifdia 
5,ro 

Funila 

I uirkcs 

(tfltl :
;Il,Ic'lc_'a~cd 

j(iltiI 11 ( 1..is) 

tett-i 1t 464) 
II( In 
II( 'S42 

I irtll (11( .1985 

/ce i fl ( i9 
\lM re it Ia I)254S 
\ls/aht i 11i( 2555) 

Stifchi 11 I1.35 
(;llsh I i I .4s2 

(ihtih 2 11 32"- 1 

(hlttlo i (f1 ',279 
K >aItah 1' 3-I(If1 
.\idtftiit I 1i 
I ( ' t 

I( I -A( 4S2 

1. A ll itl' lc,[ talnlI< ,h i hlAyl\lt 

rcca,c'tttll' llli lll, I ( .1!s 

1--, ) 

tiplication in lebanolln. .olan has included 
H.A 8 3-46(C in lare-Scale (l,-'n~oStIations.
 
'lhr s,C elI I-293('. II1AI1
\:t"cs, namiiielv 1 

82-1l(, and FII 11 1C ,haVe bee i nCided
 
inthe entIi \ar eatl hte in N rocco. I tiunia has
 
SCldttc 1+1IIJ) ,'2-2 )( ;i, 1I .11) ,i-fX2(Sand
 
Afgcitia III(' 482, 11A 3279, HIPII 84-139(',
 
1:1.1I' 84-00(, aid .l S-II,.( for the final
 
,,,taeeS of ev a l l etcl:asennaltltillica
tion. In Ssra,,y i Al - 1 1% aid ll 1'82-150(
 

itnthc final \ct l tm)-lmti lial,+ ltatlV his
 

i tit I i. 'to,ol IA ,, pitl Ist7 andh tIll .lc 
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these projects was to dernonstratc thc pelfoy-
mince of newlv relcased chickp.a cultivars in 
large phts. (ihb I and (ilab 2 \,er_ wintcr-
simtw on I 10-ha ploits and weeds ',ciC col-
trolcdIio h\ clticihcs. All to- farnersM{CI i-(in 
chichkpe;I duinc ,priui ott plots aliLIg 'frollt 

I t1-]Li inladjaccitt Ihid and siclds itlso \,,cr' 
rcondc! otti tliosc plots. lecattsc of the lituo 
plot si/c, 'ich, \evc 
I;inlidmliv chlloel I(-ill 
ciultd inI lablc I.,. (iihit, 
iiicieasc of 70 t\l 1t 

L';tnlpied rorn Ionl 
ld,,". est, its are pies-

\ icti d 1 .6k)t ha 1 an 
octl lit ,-s wri colt

tol1 (fihtb 2 c taeili it ic 
ltcal c ,tt vl. le-vt i lld 
tic icisd \Ield p1otcittiutlo 

illt (itibla 2 sc\Clita ,lli i 

ci'I. 

td 53( o (verthe 
tl:Itstrated th C 

iitte-wi (;hub I 
\ l lc' 'ttol 

I coniolic fvasibilit of winter ,owing. A stit 
\ \\,il cilithictcd b .\ 1 \ARlAatd I(R ISA I 

i%(d\ ilnu uitic :illltc " hid sost\\Ill .\ Itit, \o, Itwh i 
hickpiet dtiuim, witc dl sprig oiot phit.s 

L,11!,iilltil I hit. I tcuds itdicatcd that the 
,tttil' 11\\i i pA",viuldtd iv, icei ;> iitch as the 
,plIit -. 1t crop-.. Ioti (ii; 1 lld (ilab 2 
,,.tc Cjtll\ pwtitlabic cctic (itib ! plo-
,]iccted itil I \ ich :illd t tailt . ltilc I it 
scihltin' pwice (d ( ih;h I and 

ilniLl tilil 
tiho\ ilc ilcv 

piicdillciic 

i,llttlti'd 

ti t of I i(t' h 
oi.'ll i;1 . Il 

tmt;i% iU li. 
(lite same 

(iiitib 2 \as "licitl 

l ci ckpCas bCCalte 
,itll atles\\ ealrs lhe 

If1the net rtlultr 
-lliiu. price as the 

lwctl. tliett \\litte: ,sm i, il ( ihlL I irid 2 still 
slits, it liltc p ilit. 

Cooperation with Pakistan 

An (IC.SAI Plant Breeder isstationcd at the 
NationallAgricuitttral Research ('Center (NARC). 
iu Ilartnibal N. 7 1 .), to work on1 'stieng-
Hlhcniii2 chicklpa esletcllth itt Pakistan.' 1 he 
itiao (il leCtivcs of tltis plojcct arc to stabilize 
viehil tilroul,. dcvlopitcillt of ascocli'ta blight 
resistat ic itttud to Ifirthr itliprooc yield. I[he 
p atF0lilln faciliti(', 1or eIasil sow"ing atIMs ot 

the Kaglian \"allc\. 

Breeding NiCdiul-and Ilong-duration l)esi 
Types 

lie breedin'L imaterials of airitis gencrations 
iIo\\ nin the Pathology block of the Pulses Pro
grain of NA i( are dcaile'd in Ifable 33. 

\Vc grew i iuber of I's uund three PY'. li 
1 , \.Ce adv'ancCd to c, stiliciCnt :., piputla
tios and I -I". bulks ti iilc-plarit propeniesm 
(SPT) i u l ptileuics of siugle plants that were 
carlit' seccted liii tHeir rcsistance to bilht aind 
bulk,'d idfi\vidualiv asbsiile-plar l ulks (Pl!). 
Allhese \wcl-C grol ii plots where diseased 
plhtit debris amid inoctillutil of Ascochn 1'tf;t1b1C1 
\Cc ;lpplied to crcatc ;i iiiI incuIlurn potecntMa1 

for bliit disc'ase. ( lt1s\ thosc that had bliglht 
ratiris (if I 5 tit a I ) scale werc selc ted as 

bulks or ,irlc plants ( fablc 33). 
We' also cs s sti, I dtF. S1P! which 

calic sliiim cd tiaticeto bliulit, liiu' prclitlti-
Itill\ 5\icld c\ahilitioul,. 

Iablea. 32. )t eld of chickpea entries (t hah I) in x'iliage projects in Zlie I and 2, Syria, 1980/87. 

I lli Nfhci '\ir 5.i.,-i} h h' t \k i ,i- /ciiiil Skcl-

II
/'llle
1 I 2/Clan! Icl 

(ihit I 
(Iim ct.l , tmt I11 

173 3.41 1.8 1.2.1 1.58 1.54 1. 13 I 2 Ilt 1.50 1.69 I 

(i1h h 2 1.77 2.11 1 2 1.110 1.38 1.70 1.52 2 
(tinter smi i) 

Local control 
(sprinlg -,o n I 

(ti4 1.20 0.53 0.94 1.38 061 1.20 1.108 1.20 0.99 3 

I lin tI 5( 11mii ,nmILIm i,iiittll: 1i it 2 : 275 I5O imi aninuitl rainlill. 
2 - Ntil ini it".t 
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Table 33. Chickpea populations and progenies using CM 72 or (' 44 as controls. Four F5 SPI)s
with resistance to ascochyta blight at NARC, developed at NARC significantly outyielded 
Islamabad, 1986/87. CIM 72 (Table 34). 

Sclections made 

Available Single Cooperation with Provincial Institutions 
Material number fulks plants 

We were actively involvcd with Pakistani pro1 1,k 66 12 -1 vi ncial chickpea research institutes or stations,I .Sli'l 14 2 4 2 
I",Bulk 16 3 - particularly with the Ayub Agricultural Re-
I. S1,h3 75 - 71 search Institute in the P1unjah, tile Pulses 
I-, SIT' 1134 - 675 Rescarch Station in Sind, the Agricultural
t-1 Sl1)I 5 4 Research Institute in Ialtichistan, and the (iram
I., SI' 360 - 263 Research Station in the Northwest FrontierI.,. Slt' 86 14 Province. Segregatine and nonsegregating
-- SiPP 65 - 16 materials, developed at NAR Cor brought from 

Iotatl 1955 19 1081 ICRISAT and ICARl)A, wcrc supplied to all 
.theseinstitutions for evaluation and selection. 

- No weIccitolIs IIidc. 

Off-Sea,,on Seed Increase 
We sowed 65 lines, varieties,. ot cultivars. of 

both desi and k;abuli types, either developed We sowed, for seed increase, about 0.5 ha with
locally or introduced lroiabroad at the normal F1 , Iopulations of four crosses (Table 33), Pakis
sowing tile and a lonth latel, to select parents tan Agricultural Research Council (PARC) at
for lut urc crossing prograns. the high-altit tide research station in the Kaghan

We conducted three PYIs, with advanced- Valley. About 60 kg of seed was produced and 
ec'nc rat on materials and lines developed locall distribhu ted to 20 locations in Pakistan for yield 
o introduced Ironm ICRISAI and ICARI)A, tests. 

Table 34. Performance of four advanced chickpea breeding materials sown at NARC, Islamabad. 
1986/87. 

Ascochvta blight Time to 50% Yield(iro rating' flowering (d) (t ha l) 

P'K 51825 - CM 72 3 141 1.3
'K 51832 ('AI 72 3 131 1.1

PK 51835 ('M 72 3 131 1.7
PK 51863 - NEC 138-2 1 133 1.1 
Cont rol 

('NI 72 6 127 0.5
 
SE 
 ±0.1 ±2.2 ±0.05
 
Cv (%) 2.9 
 3.3 9 

I. Hased on a I 9 scale, where I unaffected, and 9 = killed. 
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Workshops, Conferences, 
and Seminars 

Chickpea; Sciewiists's Meet 

Ihe ali]nha I ( ilikpca Hcic tists' Meet was held 
III Fehrul I.SA I (Cater. Participantsii tl 'li, 

iIIclI(ICdt 36, 'Xtitst llI Indli,. 2 front thi0-
pia, I tor Nepa I LonPakistan, as well as 

( IkI-A I 'ctit, bastd 1!1PaIkistal 1-Il SYria. 


M w1.,I[tili.ciptill. a -t1it 1iire
hiccdcr 
who uc li",n' o'casion tI" lc'tat\ ;itic'd clop 
nitcL'1ils \ l t Ilii ut I,-ilair itl ut, ce-, s.,t .,ted. 
lorC. 1, i l Ie Itttpci i lIlllotilat 

call r'\ic\\ (t at lk 


lr ;ICu11-
ri;I 


Repf, rtioii Ithipi. "piul. and Pkilstani 

\%cr l, tc plo ct~h
pc .Itic ,\c-fciti iolii licink, 
p+roh i s. ;tii ;iciiei'tuii clitiric, toi liie'k i i 

it,"a t ilcl, to I .ceicl
itU ll t\ ic i1tio 

ta iil eial rele\ aice t' uoil iiii siiiidil 

it those lolittil Itidia c'ic
inl peliiiim li (i-n 

c iSCd, mitiliul, iliil itioti br i i ail cilk 

0 %\\I.e. 

AtIAR/AG I.N WVorklhop 
oil lklillagewll ltI I Legutie Pests 

A \Vork,,hiop i tilc \l iitaeitiit oI .lntC 
Plets \ as cospolltc l V\t I.;\ , aild A(II.N. 
lie \orkSltop \\, held 31 w\ii,,ci-3 'pclcinh i 
19,' ;atMimi Ketn. Ihaila:lt mid 7-1l Sep-
Icuinli'r I1 7 ;a \lalitiin ltilo iicsti. ( olsidCrile 
lic i pr1 itic, 0 0thici IC'tinHICS iii htht c'otin

tries. iit i'c-ail. >osibean, ;and co pcai \Cic' 
Inctluddt ;itlfl%Iilh!IIltlllllt aM~d t)igContlCai. 

,AIR >clit a l oleiti"al IpEst maitater aid 
I(1 ISA I anlitoinloit,2is t ttIuodCt the woik
sliopl itlihelp lrtun local entoolilogist,. I each 
coiiiiltvi1 irt.iiit, dicussed variotus aspects 
of peti iiaiient i ntitLutli1 : wcst, and their 
dIiliilioi : bilhuc. ccolhiy. aid d lliag by\ 
ilnalr pest_' smpliic d tircsanidproc,t rvllv 
aitd \i0d Io ISS'sses Cit: IIILctCIS diseaseSVCC-
lisl: iltsecticidcs: hioloical control: host-plIant 
rc,,islalice and itegralctd pest n1iaaeCnlleit prin-

ciples. The participants were asked to evaluate 
the usefulness of the course,. Thy were all appre
ciativC and reqtCested inu1re informnation litera
ture on pest llttliantl e principles. 

A ,N Chick pea Coordinators WVork 
Pla.tilitlX eetig 

Th. ,(IN Chickpea Coordinators Work Plan
niig Nlccti, 1 was held 4-6 Aungust 1987at ICRI-
SAl (Center, to dcveli alregional Work Plan 
lor chickpea inipimc\ntncnt. Coordinators from 
Banglad ch, lndia ,N('I,;tld Pakistan;ila partici

Nonreall;iat ll lof otential Vield and 

o- chickpca yield in farillers' fields 
\,Clc (lo atcd: tin: participaints idtltlied the 'ol
ling laictors coilnirints: 

o00r plant stanls dUC to l lualil ,por Seed 

Il s hel frep'hedlaitiott, inaiq niiatcsoil 
iilldiilc. scud and se dliloi rotting 

¢ I)isises \il, oot rotl. ioi rylis gray mold, 
aI i,,cochytla blirlilt 

0 tlhliothi.s pod horer: 

0 )rought stress, u.iwew:; durio,- ; ik '
duteli'C ph asc; an 'I
 

0 Nonavailahility oi illp)ut-r'e)sponsivc varielies.
 
and \'arictics ior I:tc sowing.
 

hlle
participants arcclt to condunt yiCld illax
ini/ation itials iiI their Cointries to identify fac
tors adlltechnologies- responsible for the high 
yield in chickpea, and sub-hSCquCntly to la Out 
trials in farners' fields to dlionstrate the po
tcrntial yield ofchickpea. 

Publications 

Institute Publications 

Newsletter 

I(RISATIlicrnationalCrops Research Institutefor 
thc Semi-Arid Tropics). 1987. International Chickpea 
Newsleticr nos. 16 and 17. Patancheru, A. P. 502 324, 
India: ICRISAT. ISSN 0257-2508. (NCE) 
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i~t\C\,Mtk ItIItIAtC(d ill 1981; 

iIln d ell]iaorIihie i 
11iM t t+ 

t ., w t tIIII+,)Il,'oppliptv 
t~tcil~ 1 [oIt~LI.'11_t u 

l\lVohrk loticitiat,, ( ic t-d pllt ti tho r I 

i pici1i-p)r tolld Iu ] if)t lI;Il ;tlti t li t protlnI(tIl ) ,-
tctlu- (] ww -dl~m itw ll). I1111l.' +}11011- llltd IlI'+'ditllll-

d ui ;Iti~ql l . olr , Ill It Ltttl2'I. l" %%C itG 

al rlit,-ia 't t that luats ,usctptirupto
//c/i,,[/11.,. 'Indi thiit c.mll ic,. d 1i ls:t re"I'simt cc 

with u tai lt tIxtitat ,ppitltttrc inpe 

\Volk olltltruiAlic to (itopithoit 
IhmpriX tie]tr /Pro/ tA ,p i diyca,
Will he intci,,Ificd ill th : lig011 ot the l+lC;kt!o\\in 
o f,;il a l c We ex:tu l,.r,:,d,,ttitc r it+ 1),7. wc,,.ill 
our hv dl+,~i c pt.p:1hicmdim- prograil to hom w-
(ItItatitoll ',lid cxif t-shortI (t'illtil l i +l1ps 
throtugh a:rec tk, inlitliocd rlctm,,orl , of1 coopecra-
tot's lindot the All India C'oordinated Pulses 
Inzpro\ _-teiii lro.lect (AWl N Pi)'. 

t 

WeWtlust 's 1.; better Understand 
drought and salinity ISfpOItSC iII pieollpe, antd 
to idntilv ind ttfirm Siiticus of tolertnce . We 
,iiii iltlso initiate Studies o l iud gcioty'Jes with 
otpt itiltrog -ixiimi, uapiibhi it'. CharacterioptiInn I 

of residuatl litle ll Ctt h\ pigonpea i 
f c rttopping ,s te il),,takti act rsc. 

the p cI lnv''uioiiu the potenltial o pguowt pea 
tn-l o f pietu pt. d to\ th s sie o, 

d t i l t t r o 

Physical S tre:sses 

Ulpitxementatlili tlI'11i.l \V ohae!iI~eenseC,.glh.t n eei a~ 

hAll att empt Is madt trwing quatti y factors of* 
th philysical enpiiroenctiri tlwit in it growth and 
li t m rv h efonaie o hitild of pigonpa and ti allciae these Conll

straints throttiiihboth 'nianagutc ntlilt genletic 
ill)pro\e.'licilt. W e 'ar-C s econing Short- and( 

III','dItttn-d tIonII gclt t f'or t,>lcra.mce toI pus 

ge ol i ]ifn a l attrltygroups 
v t rt n tl sallinlv tolercrtl e. ()tr rec:. al-Ch 

,Mill to illi rovu tile perf'orman,1 ce of' sior

iuratol pINconlCtu ill rotations with wheat ill 

irIIVCSt systei s wht re wi t ers are aionl. HtW
cVcI'. W h'avec cently heguni Sttldics oil .ad .,ptinfg 
p ive oll[:C a.to r'ic efallo w s and f'itting ex tra-shio rt 

dt9 on sraion pige iwe to restricted rainall 
patterns. 

for teir risse 

Moisture Response in Short-duration 
igeonlea 

S;hort-d uratio.r p-ig eo npea can face inter m'ittent 
drought stress during tie raiIny'I Season. Ill tie 
1986 rattly season, wescreened 30shlort-dulration 
gelnutypes f'or their response to I 11oisttxre ura
lient created by line-source sprinklers. Ill that 
year, rainf'all during September, tile postflowcr

http:iiipi-i,.iC


ingperiod for most genotypes ,was sparse and so 
irrigation treatment; were aplied. 

lji rure 1 indicates some of' the diverse lion-

linear ,c;&ponsCs to misttre le'.els. In some Cases 
(e.g.. lWI 8321), thee sas a depressiol intboth 
grolwl alid yield al tire hiclrest mloistire lecis. 
This indicates w:rte;ggirie effects and shguests1, 

lat the. il'u" ,resprlrcle \vstlnl couid bc 
utsed to ;iitulancou,,v scrc,:n ftor mibod drori, lit 
and watrlogIng tolerances,. 

l'igtrc I iindie~ca, ihat ( PL. 151 has ;I rela
tivelv greater ,trought sentitivit' t'wn CI 87. 
Italso shows th response of a rclurix'elx 
drought-lolCrat genotype.IC '1 8304 ind a 
susecptl ,n, 1CPI ,"321. )thyCI drought
tolerant eeutypes idenlifid wc'erc ICPI, 81, 
IPI. ,39. .'ll. 84059, I'!1. 8503S, !CI'. 
85052, 1(1'ltl's. and l(I'l 1. it ',,asinteresting to 
note that the two lh rids, ICPi ,8and ICPH 9, 

o- ICPI. 87 

2.5 ----. ICPI. 151 

20 O0___ 
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performed better at all moisture levels than their 
respective maie parents, IPI. 161 and IClPl. 87 
(data not presented). Apart from CP. 151 and 
W1CPL 8321, other gonotypes relatively sensitive 
to drought stress were; IP. 161. ICPI. 228, 
ICPI 84023, and l(11P. 85010. 

Ihis screening is citiruirrg in 1987 with 46 
eiotV'ies nu"der test. Studies arc also unllderway 

to deteriie the physiological basis of these 
genotypic differences inmoisture response. 

Salinity Response of Wild Species 
Related to IPigeoiipea 

In our attcmpts to find sources of improved 
salinitv tl.eraic ir pigeonpea, wve screened a 
range of itswild relatives itciludinrg 13 species of 
At vlo.,ia, Rhinchosia albilora,and Dmharia 

0 - ICPL 8304 

2.5- A---- ICPI. 8321 

2.(- & 8 

/ 'x 

0.5- L11 

004
 

0 5 10 15 20 25 30 

Water applied (cr) 

1(PL X7 . 0.tt)71v .829 x-0.00 Ix r:::0.95, rse =0.094 
IC1I. !5 v 20.395 

0 ,09ox-0.00 I x2 r=0.89, rse =1. 190 
1P1. 8304 v 0.694 t.t90.\-O.002x2 [--:0.73, rse 2-C. 178 
Il' . 32 v -4).040(0.2!14x-O.O)6x:0.).08, r- rsc--0.201 

Figure 1. Respome of seed yield of some short-duration pigeonpea genotypes to water applied by line-source 
sprinklers, Alfisol, I('RISAT Center, rain3 season 1986. 
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krtmr'ine,. Plants wvcrc 'r\Vn ill sand culture Biotic Stresses 
flushed with a nutrient solution that included 
nIrogcn. Ihe plants were not inoculated with 
Rhi/o/ium. rhvhey citc tcated with ,alt (N t € i)iseases 
(0 L) c uncutration, tlat \. l'kd iu clcctrial 
Ioh lcdt ',it t p tUp121(IS Ill )iseast Situation 

n l 
k ilhut attd i: I1 lUrI t't i, / t i lpa. 

I i I'llsC of ',I) -, icli.pti',c tJ the Co ltl l 
1. 1, i 98 87, sterility mosaic (SM ) was a serious 

. Ut',o I. 1. ct+, oti 'litl. ntlt! /). 'Itc c problem tor long-dtrration pieonpea itl the 
1it i ti t toi .<I inii, th cuhiitat cd l1diall statc, of, .ttar P:radcsh and Ilihar, andI ;t 

ilu>Ipt', ,oiittk. \l N,p i"dtdat i? (PS Ill the' i erat rc.ion of Nepal. l)uring a svrvcy in
hit .. 1 . ' :#slr,'ct idi .' p ,i tt 10I il Mlrch. \\t: found I00 i dis ,as iniCdcticc il sCV
k/ul ii ht]i) t ,]/+i I,?\',) t ?, thvIt i ,t , lt-stniti\ e l t!a inc 't ficlds. ihcre is art intinediate nced 
ttI the ,.ptc.,ei tCd. I hui.. thUiC alft!iia t,, he Itl uitrolttt lines wi t SNI rc,ital cnin these 

f.itiltiuli 'w,,rile , Itrui-', Vt ill ci i. i - It ll ieil :'cttt Lt'. iili l Will ( I"U.drl' ljo IlJ/ln ) waS 1t 
iuit: 't:~i ltil tt, lti, it', v. ! i, litt\c,. Htil, il. itvtl- tOlimlllt ill these arcas. hut ,iitert atria blilit
i/lhit of, l i, p itctil ill 1t./Ultut t'tIs, ill t.\litiritr." altruzt,') inciduen e xx\,., ii,.',tsing. 
tlrf1tliti eli the tie\tLt'liill.llt oh lt hridiiatioti huter disease has the potent al tO tlo ltligel hi t 


hittqtu, (nece IS.\ I Annual Report 8i-,.
IR 196, lipa and should he monitored.
 
pr,. 2t -2t4). d t h
\ isits in SpCtnlr an ()etohcr t) e Shor't

dIutoni pipcolipca- atreas in the Indian, .witi 

states O, IItttir l'tadcS, flaireana. and laq
. -... ... sla'.lCaJ/asthan indicated pihytopithora bliuht ( I'.vu.torh-

A*t. fillflhi/i)/lu t]liul lntS s t';o/an',tm)(P11) and S NI to he 
100(1 . ICPI 227 the mont conit,01 di ,cUe., bitt t'hCir incidence 

"......'.a/ is hi I'hvtophtthorrt hlight ocCUrrud ill aS5Otct yt\, 
" .. 1. ' 3( ' el ati o n \ i t h p h o i a h l i l h t ( 'h o m a ' ;ai) , 

0 ". , ilacrpholitia hliht ( sfacroUiomniltaJt/laseo
"V\ lina), bacterial leaf spot and stem canker (Nan

." "" N thloonas call,'). Itisu.iitltm wilt was not a 

"Xscrious problem il sholrt-dration piiuconlpcas. 

S ~Fusarium Will (.Fusuriun, udum) 
40-A, 

' " cidence Vhil. sCreening pligeonpea genotypcs 
of difIcrttc t ilattuitv tgrotups, ii Lhc wilt-sick 

"-' -plots 20_ at ICR ISAT Center, we observd that the2(0 
short-duration types showed Ines wilt incidence 
ht nedituin- atd Iont.-dti ation types (1ig. 3). 

Will incidence iii different ,\ rhar (oordinated 
2 40 lr81 sia(ACIs) during the 198.1,85 and 1985/86

E tao cWisi,,s I) support this observation. The(Table'averagCewilt incidence in short-duration gerno-

Figure 2. |esponse (if four wild species relited to types in Arhar Coordinatcd Trials, (EXACT,
pigeonpa and to ciltimvted igeoinpei gelrotspes hi LtACT, and ACT 1) was 35 622%, compared 1ith 
silinity tIneasured as 'lectricirl coirductisit,) in sand 82 n7 in the imtdium-and long-duration geno
culture, i('RISA F ('enter, I1987. types int ACT 2 aind ACT 3. 



- .-4. PIK 

,'Is 

!.igiur. 3. A siort-duratioll t)ige lpe)Jll line (Imiddle Jim rusi) jiojiilg less ini(ltdnce of fusarituil jilt c n lp red to 
medium-,lratioI ,ariet (lateral lio ro,,. 

Table 1. Pigeonpea will (F'usariumuduin) incidenct in different A1I('P Arhar (oordinated Trials 

(A('Ts) in wilt-sick plots, WR(HISA I ('enter, rminy seasons 1984 and 1985. 

1984 S5 11"S 86 

I 11al No. AllCIIIIC \ lt (\kc No (1l ,- w' Vii (i )p 

:X(A I 

t-A IF 
ACI 1 

10 

15 
19 

50(31 

59) ( 5 

76 (50 

o9) 

N3) 
100) 

IS 

I') 
17 

3o (71 
43 (51 
27 (40 

100) 

97) 
95) 

A\erage 62 35 

ACT 2 
ACI 3 

20 
II 

85 (22 
78 (09 

100) 
00) 

13 
25 

94 (70 
8) (5t 

100) 
97) 

, erage 82 87 

1. .%MWL 0L!of cnl III i lach na1tLrit\ g1011p. \,iultC II p11 ntlhccs, rcpreseit range of wilt incidence. 



Steility Mosaic 

Survival of the pathogen and mite vector during 
summer. \X undertook an extensive survey in 
Juone 1987 in parts of eastern Uttar P1radesh to 
stludy the reservoirs of the SNI pathogen and its 
eriophyid 'nite cctor, Accria caj:tn (uring the 
summar mtonths. lI)uring this surv.w\\ we traV-
crscd ;atotal distance of I4)1( ki in 1I districts 
(e~Aiiigauh, Ballia. 1)coria, (Ghulipur (orakh

pur,. lallnptil, Kanur. IALiCknO\ , Racbarcii, 
and Sultanpr). \Vc found 312 SNI-infected 
pigeon pea Icat sa iples ihat had live Criophyids 
associatCd With them, albeit ill low numbers.

I le major oll-scason rcs,\oir of SM and its 
mile \cctor i, the piceopica that is growli 
atitid borders of irrigated sucarcane fields and 
also volutcr ind ratooned plyiiiipiisseen in 
and around stlI'C;llC fields. lieOupeas gro\'n 
oil billds ol iric;iion channels aid in kitchen 
,.ardc1, appcau to Ke idarv olf-seasoll Ircsct-
",()irs. , tI/).jlo''. , w hich is the other 
knotwn host .4 ,,1"ani, \,Us not obscrvCd inlthe 
silisescii arc allN 

Phy(oplflhhora Blight (Phytophihoradrechsh-'ri 
f.sp cajani) 

Effect of plant age on bligh! susceptibility. 
l)iring the INO rainyscasot, PB occurred nato-
mllv in the in It(iplc-disct:,c Ilrscry' at I .RISAT 
(enter in the io-,t \we,,'k of LDlv. when the plaits 
were abtit one month old. [he itil occur-
rcnce of the disease was patcly: all the lines in 
the lo\'-lvin c areas where water had stagnated 
were killed. In ,\Ugost, tli bliglt occA rred uni-
formlv throulighol tile field. I( 'PVI (I'P 8863), 
was sown throughout the f!7ld at freqctuit inter-
\ValI as :1i SM\'I-susceptible cii atl: StuFFe plants 
of this cultivar \wer killed itlitIlv but the sUrvi-
vors were not affected in) Atugust. 

To investigate whether the age of pigeotpea 
plais has any effect ott their blight slseplibil-
tv, we: conducted two pot-culure experiments 
in the greenhouse. one in 1986 and another in 
1987. In the first experiment: 15-, 30-, 45-, and 
60-day old plants of ICl'PV I I('P 8863) and IIY 

3C, known blight-s,cept:ble culivars, were 
spray-imwoulatcd with the P3 isolate of the blight 
pathogen. lhe blight susecptibility of both cult;
vars decreased with plant age. In cultivar ICPV I 
(ICP 8863), 93i of seedlings died when inocu
latcd at 15 days, but no 60-day old inoculated 
plant dicd (lig. 4). In the second expel intent, 10 
more cultivars were tested and similar results 
obtained (Table 2). 

Bacterial Leaf Spot and Stei Canker 
(Xanthononas cajani) 

Relalionship between stem color and disease 
susceptiblity. A severe outbreak of the disease 
was observed in Iany pigeonpea germplasm 
acce>sios when they \were grown in Il S M 
tlursCry during the 1985 86 season at ICR IS.N' 
Center. [he 235 gernplasi accessions grown in 
the nursery originated from Kenya ( 140), India 
79). Tanzania (11), the Philippines (4), and 

Mo/antbiqiue (I). The disease is observed every 
season at ICRISA ('Center but is not normally 
SCriou, th favorable weather conditions for 
disease development that prevailed il .litte and 
.1uly (rainfall 262 rm, temperatures 2.- 23°C, 
relative humiditv 60 90('), coupled with the 
presence of tile susceptible exotic gernlplasm 
scented to have favored disease development in 
this particular field. 

\hile a large proportion of the germplasm 
accessions from Kenya.,] an.nia, Mozarnbique, 
and tile Philippines showed high susceptiblity to 
the disease, the Indian cultivar BI)N I, sown 
after every 12 rows of germplism accessions as 
an SM-stsceptible 1ontrol, showed a moderate 
level of resistance. In general, lines w.\it h green 
stems showed higher susceptibility (84%) than 
lines with purple stems (10q) (Fig ). Even 
within tie same germplasi accessions that 
sliowed segregation for stei color, tie plants 
with green stems were more susceptible than 
those with purple stems. 

Of tOie 235 germplasm accessions evaluated, 
seven lines: ICP 12807, ICP 12848, I('P 12849, 
IC P 12937, 1CP 13051, ICP 13116, and ICP 
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•.. ,.,,6) where the incidence of both dieaes is vcry 

k 'high. u)ring the 196 87 season, the wilt

.,.-.. ssccpl ihlc control IC'P 2376 shomed an average 
o 97 wilt (94 99( )and the S\1-snsceptihle 
COtlt I(''PV I (I(P ,,63) sli\,cd 101 ddisease. 

10o evaluate r.Materlials trF.kUc 
to kilt,.SM . and ,i3,itI-ha itlisol ficid is used. 

* ,.',' l)uring the 1986 N7 seasonl. \ilt incidence \'as 
92( (87 95, .,M inidence wI l0t'i , and P 
incidence wat's 90' 946,)4'Iin susccptihlC 
Coni olt 


."an\ ,eriinpll .l and hreCding lines \',erC 
evaluiated il the 'AOmnultiple-diSease nnrst-crics 
in the 19-, 87 seas,.. W hilc ,everal genotypes 
.li1h ald S%1,Iclativclv feC\,m ed reis,taicc to \\ ill 

"lokcd tcsi,lalnce to all three dieascs. lie nc\ 
iplahsi ,it line, thail sihoscd leCss than 2(F4 ,vilt 

anl d81S N e: ( ) 12S25. 1li' 12924, IC1 
13235. Il 13237. PP,51).an'd Pi 397430 and 

ilo \x ith les s than 20 , %kit., SIMI and P11 were 
Wi 1I 2)t WP 11304. and KPBR 81-1-4. 

Breleding for l)isease Rcsisl.. , 

In tcinit-duration picon pea.,we concentrated 
on,hreeding tor resistanc :o fusaritm wilt and 
S." diScaS's 1od to the pod horer heliothis 

I igure 5. Pigeonlpcip pant itsift pturple sfem t'olor \c startcd ithackcross progra to devclop
 
tefl), shmio, le,,s
stiscelptiili t) htacterial stet hich-vieldine an/d SNI-rcsistant liles using
cantkr cioipared to tie grven strin t',pvs (right) adapted gectovpes as rcctrrent parmets. The 

progcnics rom BII) N I nitd(" I I backcrosses, 
previot\i\S' found resistant to SN1 (ICRISA 
A tintnal Report 1)86,1p. 180), kkerc again screen-


Ii If4( hIiox,,cd
hg ICkxe, (I resistancc to the Cdin thc.1 urserX..,lItheprlgen icsf n thi
d c ,)N
1 I hackcros,, ( l4',1-jm a.d seven from Ihe C 

I I iackct oss ( tB( [_j wcr comnpletely free front 
tlisease. I hesc pmogcuucis \crc selected for yield

.\ltiplc )isease Nurseries Cxa lntion aild ()th-r agurontnictraits in 1987 in 
icplicauied tIals. 

ui1saitnii \ lt. SN1, auid PB mc the three majou I hrce hackCIoSs progenics I BC 1IKFof a cross 
diseasC, ()I pi ucteonjCa ill India. Nultiplc di:seasc h tmcec ,u xilt-slsceptiblcnltixar, LRG 30,and 
nMrserie,, hasC Scheideveloped at I( RISV1 (eCfi- i ICsi.t;nlt donor, cultivar 15-3-3, \%ere retested 
tcr. to itclntilt ,ollec, ot lCsNI l,Isne'nd ole \al- in tO': kvilt-sick nurscrv. W ilt incidence in the 
,,c Nsrceatiirg iatcrial, ior tnultipl disease progenies ranged front 13 to 17(7 and the resis

ssictaliccs.. Scenin 
 for 5N1 and xii rcsist,..cc tant plants were bulked progeny-wise for yield
is hcii 1cte oliCd(t Vuisnl eld lie . evilnhation. In additin. 156 M., single-plantin ,2-ha , 



A, .V

7.. 

Ii~lr 6. Niv% of 111t.pigo)lloptr %ilil id slriln~iimosaic screen~ing nlurserN, I(R ISAT ('enter, rainy season 

p o'in, o lt\i [ ( ~ ) *ikOc~alocicctl standing2 the reclationship betvween nem:.,tod,,s 
Ilic h . t\e n.ev SiNtC(et Iproeeiles Were and \ Itl disealse Ill pigeonpeia is another area of' 
lotid resl~ant to \tI it tp to 101 HILidenee) and initere't. 

%Ill hte teted ft \tlld. 
Inl h11e 10ditt1)rti Surine). ( im siit\cv,,at I(CR IS I Center mnditIkit io~oeatinam I-

,L'ci)el pC~ ~loll I 1Nil(NI PA) mlli slut that iltL iltajot 'ICtIatItlt0ds oil pigeonipeadlrt Id lI 1 

K taa/,'11entI ItsI,(( I aI r)n lMI ) I). hI h uln, PIdt' Cdr 0l \ l'tit il1d Itle e ltlrI lirem
ciC, %~', el -).( ha IMable(1) BtCCan, 0I ii, Wvie. Ro it Anclhon ici/ ils H- 7). and( 

!"d per torniatice. (Ill" lilne1 habeenl meted Ill lance alCillfode. lbpoaun c'llImOl. ()It 
:h1LA\IWIIP A(I 2, mnltilocaial til tot the .'Iso. 

I tI~~~lt\ st';isttl~~~~. I i e1c t i otI pha it t 1sti te li * I \et 

etortftlli the picetlmipt;1 ll>k lit olit COOtPeldv 

I eearhsttin.( 1 t. \\lilti lt,,icto1
.Ntintnode Di)valscs /It;/rn,/om21 the h ptlriietitl Ill sote piot 

ttti1ts o1 tIhields, tlie tetnabloletlast Was ils 
Ill the( I oAstril w1-gllocuodI4*S seail 
denifL.hi it iW, !Ielittotle affecting Pigeon

pea. ti sit thiri effeets tilt ipli\mI andi Nield. FEffect miplant gromlhi. I hec pgi-,pea evst 
Win de'eo Iliaitcnrlt~SLirCS. IIndet- 1tenat, nentatotle~d.II.tatn.therenforin 
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Table 3. Performance of pigeonpea entries in tMe Mledium-duration Pigeonpea Adaptation Yield 
Trial (IMPAY) at two Indian locations, .,iny season 1986. 

ICR I,'A\ ('euhter ,'\:ra ri 
I]ice 1(1501; 1mw' to 

.. ... 
Will Woodl 

. 
(Jril, (iraihl 

M ean 
gl-al 

lntr ,, 
Ib\%c11l12 

(d) 
11M;ttl I 

(d) 
I%I00-scd 

uh .,is,() 
tlci(I c' \I,itd 

iIt Ia ) 
\y++vied 

it Ila ) 
yied 
t ha 1) 

yieId 
(t ha 1) 

ICP. 
IIPt 
R(11 
RC111 

85006 
N40118 
85001 
85002 

114 
!0S 
116 
114 

173 
6OS 

177 
71 

I0 
10.0 
10.1 
9.2 

13 
4 

1 
13 

3.46 
2.84 
2.95 
2.92 

2.05 
I.87 
1.77 
1.61 

3.14 
2.68 
2.37 
2.54 

2.60 
2.28 
2.07 
2.08 

; t llit]o 
, 

U I 
ItI)N I 

120 
106 

185 
162 

1I. 
9.5 

74 
98 

3.02 
I.50 

2.03 
1.46 

1.W0 
1.38 

1.82 
1.42 

SI ±0,2 ±0.3 ±0.14 ±0.19 0.10 t0.26 

Irial me an 
( 12 cttries) 114 172 10.4 2.66 1.65 1.89 

CV 7 0.4 0.4 3 14 12 28 

R. reniformis, and P. s-einhoi-sti significantly 
reduced the plant growth of ICP 2376 under 
greenhouse conditions. The adverse influence of 
nernatodes on ,rowth was visible 40 davs atter 
inoculation. Ilie relat lonlship bectweenl initial 

. " 
nelatodc 
quriad ratice. 

densitv and vi'owth reduction waslItitt dcra t,{aai and tl. seinho~sti 

severely red tucd root growlh. while the effect of
R. rnhori w .ISMore iroo)unced on shoot 
growtlh. %'lost growth 
cant iv affected by 00 

para meters were signili
W(It)(nematodes 500 cnv 3 

soil (lie. 8). 

"Effect on fusarium wilt. In greenhouse exper

imentrs, the presenrce of' I-. cal'mi anrd R'. reiii
4-t+ /01-1i1 alont, with the wilt pathogen Fusuniu1 

'(adoln ad vance-i wilt incidence in wilt-susceptible 
1 C P 2376. lhe reactions or wi It-tolera nt ( BDN I 
and wilt-resistant ICPV I (l1'P 8863) lines were 
not altectcd by these nenatodes, indicating that 
these lines are either resistant to nernatodes, orFigure 7. Microscope pholograph of an adult female that will resistance in these lines is dre to restricreniform nematode feeding on a pigeonpea root. tion of fI ngal co1o1riization and not to inifection. 
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Fi re X. IEffect o)fC,.i itinaiiode poptulrtion% tm 

[ll~cl PslsSeveral 

Ies
hcideirce 

In 1h-t' .K. as, in all previou~s years, the pod 
hbarer, i.~ehohis/. ;r;iidclr, w\a, the tmost damal;.g-

ire insect pe,,tpigconpeal at C'enterof IC'lI~l. 
,tnd throrr~ehl)t so~uthern India. lhe extral short-, 
shir)t-, aIl<]nd p~it.c weretmd imtI iirationt orpce, 

GK, ' h . 4AK .yv - Ic1-V& 

gIie othf 2376 ((K-,nop~ig4enpemm cullijirr 1(' riefliaofle, 

other lcp'(ltqtcrari larvae were: corn
mon on the cop I idirg the jeaf"ir,,.l wuhr
 

((vdi;a c.riqica an..l the spoirecd horer ( Mlai'uca; 
ted.tiuh/is). t1I \,. .,cv. at ttisa+ thes;e insects w,,,'ee 
again less thai usal'. our rra;.lsc2ommonl~t s..o 
designed to inves:-tig;ait thet. theseiana getn-nt o)1 
nests+, andl+ to sele~c: Jit plats~+weYrerc't., ntl Sci,, 

stucces,,uL. 
]i+)oill,,( .lclanaen,rria/; o+htisa), the second 

sevcrci.' lanriracetd the lara\ l +Ili insect, so> roost pigeo,:itica: pest inlIndia. w.,asI,\ tc impottant 
yieids, ,,ere ,xcry lw infeld'- (hat were not pro)- ,,erveonmo) and damaoiig, particularlyv on tire 
teeted lv\ir.tiel,+'e],s - IlosteCer. Iili/oih. was;:. lonuu.lration p'iceonpeas grownvl inlcenttvii and 
less.' ahunat ilI; rrlr: uual tr)in. ()ettohcr to)eairly 
November and so) the rtedit im-dturatiori u at-
'v,,l)s ihitt weore po~ddroi_ doting, that period 
csealped sexcrc (l:i iig,. in norl tl+rerr Irdia,shotrt-
durattiont piucconpca 1that tnutUres helore (Nov 
I )ee) wi rter was severelyv damarred hv Itli/othA, 
hut yielded well when adeqtuatcly protected by 
insect icide. 

om:ihellri Indiat. In+Africai, NI. e/ra/.'eosona, the 
lprcdorniiiint po)tdfly species wa';scommion in] 

tarners' field..s iii Kenya+this yecar. 
A varuietv of scki rig pests altacked pi.g,,onpea 

froml tile seedlint, sta.ge to.'harvest..lassids 
(I-nrpoax.eca spp) no~m.nwercnr (.luring the seg

etative rrrowvth starge in nrort hero India and very 
severe at ttacks were iioticed inisomec fiehlds in 



Kenya. Puod-sucking bugs, particularly Clav'i-
1,ralb spp, caused considerable damage to to,n-
spraved crops in mnany parts I india. IC.s 
insects not olliv reduce yields hilt tlso adver.scl, 
affect the qlilty of hirveted scd. lhi;S year, 
the div spell firon arly ,epterithr I ivored thlien 
huldup it IWRISA ( 'eter. In Kenya. pod-
siuekiiig hip+s Lce pat iil;irl , i. liierlo thi:S 
y,+ear, ili sortie of tie lucal ktltinoluhgists coti-
sider tih ,C to be the mnust citneu'ara psis olihs 
clop. Sonlic pigColpet gCnlotypeC l;a\e hcen 
rcported to po-ssess CoiiSidclohI. rcsistlice to 

ic)se insects ill Knya. 

M.IT' ! 


" 

, , . 

, 
. 

,11 

o 

Figure 9. Pigeonpea flowers being damaged by blister 
beetle, ,MiNabris pustulata. 

The hymen optcran pest I l ifla ti"e1odes 
eaianinaeJ w's again comnu a and \c iv Jamtag
in, at ICRISAF Center and at sorie other 
research stations ill India, hit 'i"' a'ri'c ill 
farmcr;s' field,,. 0f ti, other lpets, I lie blister 
hctic (I'Al/a/n-H jrL, h/.11A \ %vr\%IVkl commn1 
aiid danid sliuri-duratieri pigeonpea. l)intg 
tlral stag', this insct lceds On other iilsects in 
'ie soil, and iNUsNiiilv considCred a hclicial 
species. luwever, the adult (i... 9) feeds on 
fiowke,, of piQeonpea arid other eigutMesi aInd call 
corrsideraihiv reduce the nutMheb..r o! pods that are 
set. Il souttlern India, these heetles are ver.,, 
cornltliti froll \iigrist 1o itC ()etohu! aid sO ar-e 
VeryV iniptil'ol siilot-i1'iOiltil pig)lOlpaCi 
crops. They are part icitlaily harrnfii to the sriall 
plots ,uh t wNe'row itl f',linlers' licds to delloll
statc 1h lupterutiali o1 our package of practices 
tor soie crop, ,hlmt-durathI il pigcortpca. When 
such plots contititi the oniv leIgumls fl werih g in-ello
Cd
,
theie~i iolister heetle s COncrcate ott thilr ni-d
ta. c to he inraltraly rIn\ d, since insecticides 

do not effectively control them. Once the dcm
utstratiron plot phase is over atd flarmfers grow
I areas of this type of pigcoiipca, the heetleshdrgu .sptad o~r larcr-ilis tlandtheirlpoptula-

I don ,,tir ire not high to cautse 
set ti)sdamlage or merit icontrol. Indetcrminate
t. pC pigConleas are generally less susceptible to 
[)loinsect pcstl; tian le determinate tvpes, hut 

iax c bse rved that tles. heetles prefer the 
f'ol-ilcr. 

tll"ruchids( ,]!osu/nue . spp) were again 
vairlycotlmon oti pids that were left on the 

Plan ts for a few more d(;vs after riraturity and 
"weethe most damlia_'inog pests iit seed stores. 

Prompt liars st:iig. sO -drvi lg seeds, and stor 
age in insect-proo r tairers reduces losses 
caused by thesc pests. 

illfohisarmigera 

Insecticide use. We are becoming increasingly
cOceriued th;.t the tclithjs populatios ill 
sormie areas of India seem to become more arid 
nore resistant to several of the commonly used 
insecticides. Farlicr, our collaboration with the 
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Overseas I)c\elptrntt Natural Resources Ilnsti- mert of insecticide resistance in Hcliothis, such 
tite (O)NRI) shovCd that ilhathiS larvaC Col- .'Atcdies ha\Ve assulcd greater niportalnc(. 
lected at iRISAV' ('cnti wcre '70 tintes niore 
resistant to ) 1 than : controli, labor atorx- Moth dispersal. Iln1986 ,87, the CDNRI flight
reared cultue, Reselrch at the indian ,m\ricul+ nill and night-time observations (ICRISAT 
It(Irill P.c,.,lrch 11".itnti 
.ated that /Iclioh is 
other inrsecticides. 

\\e have 

IA R I)hr; ao-il(!i A nrnal Report i)86, Ip.13-184) were success-
Wcotnint, I .;istant lto ltdlycmintrcd at ICRISAl'Centeraid thedata 

Iul theSc Will soon he puhlishcd. In addition, 
usce',tnllx for tileshort-ravlie, dispersal of itioths emergingtcd Cnrdtuslltall 


Itci,,th.' cotrtitol at l('i, SA I ( cater oe ilrc roln a ligectnpea field was studied by recaptur
1;!,t10 x ASrs, and 0I )N RI ollnd that la.r'vat ito tllslahicd wvith tle trace element, stlon
collectCd 1r01 IRIS:A I eVCrC stscCptiibC to tinl. I'his Was sprayed a',at aItCOuS ,olutiort ofas 
this itisccticidc als their Colttol laboratory' eul- Sr( l.arti)kgha )on a pigennptecropinfested 
tlre. llowe\c,. this xear. x\C wNCC rot verv'site- x,itli lr'VrC. Which also laCebled Cleergingladults. 
cCs'.ltl int cotItiolliii1,Ilcli \it andostlan. l e period of acrce. iilths'xith h all tire 
Mtid sonhiaxC 'stihtlittCd ieC,satpacleK Ot the loca! 
tloitthi.,poptulations 1or test,. F\'n mote otni-
ltitsl., iltthe ndit I )"7 \wC rcccixCd reports 
froll f'aril-r, inl .nd\lt r;lrarhcsil that til: were 
tiabc to control // .l arvae nit their ct-

tW'l 'ro,. c\ct \xitlh hct icr tha iccontrnldd 
loses. o lotillx axailatlh inscticides;, irtC!Hditt,.' 

s',tthiCtic pIt'etids. Ihis Arpo!irCet 'c.,it.dC-

to s\Vtt htti pvyi'throid, inot cs;pcttd soy xw'as 

son, for thee ti-,ctticidCs h;re otlv hecil 
videlv ax ilahlc iilthli>Il car lot' 2 or' 3 xCars arid 
thex have lot hLC eJteritxlx\ used oti I/'/+-

thiS-pro)tc crop>, Other iWartn cotton. Ilo0xVx'xr, 
sirtilar rapid dexvelopmr't of resistance i0 sx'i-
tltctic pyrcthroids occurrci All),,ralia a lc', 
,eals a0. Suc.h dlellCuts Wijke Outr Sc;Ct'ti 
'oi" rlterit i\c mns of WOclNrhi> trllirleetcr 
Cexcr more impoitatit :id tu, t. 

Collaboration ,ith O)I)NPI . Ihis year, the 
l'ropical Pcv'lpt, antd Institutelcilut Research 
(I)RRI chtitnged itsnzrme to the Overseas I)evel-
opriet Natlural Rcsoui rcs Institute (OI)NRI) 
,and will sooni noxe its h,,se to ('ltattart in IlK. 
liteCSC Changes Iave not altected ouirtclose col-

laboratirn on It/iothi. tcsearch. At OI)NRI 
cittolrolocist continuied to wrk at MUCRISA]' 
(enter throtiout 1)87 aid secral specialists 
visited itSonl assig l1shorI-term itiert[.,, ptiitrt-

larlV to studV til htilduf) anl di;peCrsal 0f the 
Itiglv, mobile H/i/ioh is itloii hiopulatitiois with 
TI aid of' rad. i'illra-'tl beatr. and llight-rilill 
Cqt pincitt. With tile app.rent. recent enhance-

captured in an array of light ztil pheromone 
t raps placed ii stnir'otrid.irtg crops,werevanalyted 
at ()I)NRI for strotiuthrn, using atotnic absrp
tiori spectroplhotolietry. lciergence inside cages 
set over the crop enabled the estimation of' tile 

total adults cnerged aid the mai king etficiency. 
An estinted 48 OOtt ioths, about half of' 

those ererged. were unequivocally labeled 
ahoxc backgrouid Sr levels. The low proportion 
OAK :30 out of a total of' 306 ruoths analyzed) 
of ttwu'sercd itoths r'capt'red itt a light trap itt the 
sPt avCd lield strotiglvsi iggestcd a rapid dispersal 
aitl dilu t o Ion'imrigrant nioths: all trap catches 
ritdicatcd itsubstantial influx of immigrants at 

the trite of lcal ,inergernce. About the sartie 
+uibuit Af' marked mnoths Vere recapttrred in a 
light trap in at Pdjacet, dowrtwind pigeonfpea 
field (4.3(', ; 34 ot of t total of 796 moths 
aralvzed), but very 'ex in adjacent chickpca and 
flowering sorghturn fields. Sorte moths were 
rccapttred illiore distant pheromne traps itn 
pigeorpa fields at a distnce of 20t) 300 tt both 
upwind and downwin-d. and over vAriorus crops 
in farelr's fields. (,50 in downwind. labled 
ltlth xw'ere also r'ecaptured ini two pheroli(urte 

traps OVCfr rotnditllit, 2 kill,tp,'itid aid ."1k1m 
away at righ angles to tile prevailirtg soutieast 
wiids. 

FIOI tItese and radar t tCr'aiollris it xvas 

ippaii-tIt that ttioths dispersed predottiniantl. 
with thc wind betweern 3 and 40 irtabo ce grottlnd 
and carly inthe night, altholgh tl'ithre was clearly 
s10++cnin ovemeictnt upwind or crosswind frot the 

http:c.,it.dC
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sit, of origin. Pigeonpea and groundnutt were resistant [ICPl 332 (ICP 1903)1 and susceptihlc
apparently preferred to sorghum and chickpea (ICP 1691) mudium-duration pigeonca geno

dltinationts labeledas k of moths. even in adja- typ', in separate plots, ill alternating lows, and 
Cellt fields, as alterniating plants withit, rows, as three treat

iiientCompalisolls ill .13-replicatc ralidon.lted 
Hlost-pht resistance. We contIMtud intensive block desilnt trial (plot ;i/c 54 n'I). lhw mean of 
cfiorti, to icren pigeipea -criripl sll aId counts of lrchIothisec'i anti 1irVac.va landpercent
br cdiini' Inai'rial foMr rCsistanLTc to [kI,'Ii+hj.',. agcs of pods dualaa!cd arc si iimarl/cd ninTable 
I1 i . a e inceased ;titiotn to screen-A \ I lh difh.rernccs between the twi, cgcrotvpcs for 

iii, 'Tholrt-di itit~or vp,crroty F bucwause it is d',riage aridnpr-larvae plait Iwer gret est 'vhere 
crt that till, croip has the lolt poteiti;al lr tiey \ we groWli i separate plts. It is evident 
ilcrciracd pioductioli. nldit is riot vilhcrablu tl that ouchi of theilifircrcncc in sisccptihilit, h)
1, h l(/,+ ,ttack. :ajlicr. \c had conlsidcrlabc this sCthbtxtccitcnhes two gcnrotylcs is a result 
, .css seceCt inc! iicditrr-dnaiioiiu gcerot, o difference; in );ovipositiol trelcrence,, fIor
 
fiat ravC tietof Ievels ,lrcsitancc to Hchjhli. rclhsix filtmes as rauv cs. were laid ot IlI
 

Secx riil th e e'lections hac becen used in I911 oil l('1I 33.. IIrMweer, the ratio ol
 
cro, otocollibirhc rc.,istaICc \1i11 r
tlhi, other 1:ti counted on tilesusceptible arid lesistant
 
dcsirahle plant Clrrratr. 
 tit+ilUIC\V,'sa reduced frorr 5.,:1 . vhcn the
 

\ carlic rcporitcd that tt chiek',ca, rlittsr gerhlovps \crC grotwn itt septarate plots tIl .,6:1
 
errees i'r the ill'ay caUseCd b ir'4ltl[l'h klm wheiltile plants were adjaent 
to oc allothcr. 

susccptili icndcdiutialit sit ec~ciiutr I lhCI mostl obvious CXll[lltliOil 1t0 thi5 is that tile 
fr~trrrnlh xxitli iee:r c , ru:,,siriitx to,llr i rll',lie r larvae r ispcrs ,lre t to planrt, sriobsCuring
I( I<,IS.\ 11! IIR l1r tItIA S. p. 1), I argc tlt: hcne lits of resistancc due to ovipositiornal 

,.lhose' selueiorr, stioh ul irrrl tiei-laterrr1oprcflrce. Ilhi raiios itf pod dallage pet
dil 'r ttt p ltdirll'titie rtarrells I. ( idjacent r'sis ccritltc irr tll two gentltvpes xvrC rIlCrCduc(1 even 
1,ii titld 1ucptiblc lplait. Ilrl'i (, \%C cr0we rrtorC drastically. tilr ihc fell lroim 2.3:1. when 

T]ablh 4. Men: numi hers oif eggs anmd lait i' leliothis armig,'ru comited per phlant and percentaige 
pod dii iinnin i I(T1. 332 (II(J 1903) a ni-suscepible (I (1' 1691 ) medium-dura llt Idliothi-revistn 
piteonipea genoty)pe's, 'hen gmrom " sepriiatel) in 5OiNnl phils in alternaiteirows, and alternate phlnts
within ro %s, I('1ISAT ('uter, riniy tCiSelas1986. 

(icrllvpes gilm\ll il! 

ltirerox SP'(Jtt\ Pc Siphtare prls, .\ lre rolllc Allcriate plants 

li]'irih cgsh pliir 
Nt>I 332 (('T'1913) 0.8 14 0.9 ±0.3! 
( I'911 4.4 7.1 6.5 ±1.61 

1/a/i ha I plaail I 
1('1. 332 ( T(l'1913) 1.5 5.6 6.0 ±0.6()
IC01 IlNt 8.1 9,4 9.7 ±0.59 

1( '! 32 WI,' i ')3) 23.1 35.2 3o.8 i2.11 
lA 9t)t 52.9 39.7 39.8 14.10 

;1,Ui i llh )01 '.ldlrt ciitllis til, teplicates ilm 14 ptanrl si rpks, 



the e oty.pes werie I selpatate plots. to I. I: I 
whln the susceptiblC and resistant plants \w-. 
adI culit. 

lhis,eXpeiment COiilhid ()ur erlier ohst-r-
\ati)ti, (I( II .AllinHtReport 1955. p. 192-
19-1 th+t thec ,Lons'iderable di.p~ersal larvac 
1"1winplantt to pliat.it A larva Can di+spers: h.\ 
e..'liin- Irlm )leplatt to iotetlir where thev 
briatihe , totch or h. droppin:, frot a silk 
tIrecad produced l a spiltiert I+Vi. I0). 1his 

Creates a problem in selectilg reSi.Slami p,lantS 
Ironilpopulations that are sell rVCVatin: ftr rt'sI
tane: stis'eptihility. chin thiS problemlckpea. 
Canl he ovccl tiMw sme 'so X 112uch populationl at 
\oIle spali+,, ,o the plailts do nlot touch each 
other. IHo, ,I( 1. i11 pitvl,",a. wide-spaced 
plants L'1roto ) ill: 111C . liable_.space ald we 
woud nee'Ld a lhiliit-to-plalit spacing of' 1m"ore 
than I l to piexcit the plants fronil tot ching 
Chac other at tile podding stage. -his would 

It
 

+;,

414, ++ 

mlp W-
,t+,,,"'
 I *. 

itth(,l(Iiol!i%-+rmigr. Thel ule-liIesricure 
..,t, v of thechead f ifirsi-intr lra nifI'il~trc'It) litril ',i 

threadi, froiua+hich the larva suspertls itself slher Iroluppng ftoin 
hi)ii.r tntt' i lht sl)inl-'rt (IhtIlrt)dticts i silk 

http:pliat.it
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prcatly ilcrcasc our costs, p'rticularly as such a Such sampling is tedious, co1nsumCs many skilled 
spaciui ,would ;llow \'.cwd .,ro\,th lhugtrnhout man-hours, and wasts \ :dIlablc plant materials. 
Ihe scasolt. It is obviously desirable to develop tmuthods of 

estilating populations thrtough counts of th 
Breeding for resiantce. I t vea ( RISM adult flh'ics. \Wc hW CStaiC IC1, ovcr s,,c\ral CMs, 

N '
 -\'!'tuii
l l-cp.ti i%.P. 1 7 IX,) ve repitt the toA titctA pF,. ill enablc u.>. tif that v, to catch 
pLiimrtil 'uet tototn /flu '/ls-re,, iit lines and couiiil tI Ilic. Ill oiui carls cscarclh we 
lii, \w:it tht,\ ettmi',d r,,isltnit ut)mprotdtccd found that vcrtical white of ttanspimunt sticky 
,tl ld,,illlpsticilre p cli trial. (inthe traps hclJ l.of jl-t above, Co0'p can;opy lvcls 
hswi, i'anx) pt tleinuh '_I 2 1ht.. tihe illttlttilhlc[ pOdflics when\'ear, cauhtt tmaximum Of 

.,>h.'tueetic'., I(,dl'd ,iniI'it Ot laio vicld CuOnprcVI with other tra 
 yp,++c.iiottunaQtly, 
ttha h,,tlthuirtr, I I otid l( I 332). ( It ialso cauclit othcr 

pfmti,k I.2u h1 and ( II 332(e,.ist dalcon- scpmnat udcountin 


th ,t,, man\Y inScctS the 

nu ol podfitcsvwas dificult 
HiI l. II ti Iht :). Ifc elcet,, liiucs also and Ic sthanfticwck K erc hcinncalt:,t.
iH\c.]iN' ,',CCd, OWlhec"Islant evc I \hen lodfl poptlUtitions crc known to beth~ll control (".8 


10 seC.,'I 
 high.
 

We coIIlc l ta1!I tiipt ,to Iid aillltactat 
I'm pii.\fly adtIlts. I hre ia hbccn iodetectable

l'odll (.llc/ugromy. h,,a ) plhcrotmtial ttractionl to Virgin 'cluniiC,1cs or. to 
mals. It tl ast 2 vcai",. test, ola \Vitfc range of 

Polalalfn io1Nitori ,., \Vc 01,itittCud to rC- volatile chemicalS sho\\,cd that traps haited with 
e itc i thatv,ill cia Hc w,toi etdcqttatcly am 110 iui suillpI,i , mdaiililonifm nitrate. ctlah I 
Iltnitt ilu p ,pulitliui it,thi ,insect. I lie vge, tol, alid iolasses all atilact.d sil'niflcantly more 
l itr,.i. tll iipal ,,tae-. all ,lechlp illide the po,.Il\ adults th'ou totibItitCd ctitrol taps. 

,.'n til -, iltlti,-.-+ v,.,can oti\ Hlowe er. the lc ht ,ofCatches itt such traps areith ',,tcl 

ir it htsthi . e dnn still [ilotdt ti'. anrpli I pod. ,ulticicit ii ilh)tiittit'litE ptrposes. 

fabl1 S. P'rforntance of sone,pigto pea entries, in insecf-resisfint iigeonpln lines ,ield triAiIs grlOwl 
in i pvsticide-fre fiHeld, I( HISAT (enter, rain. seasons 1985 and 1986. 

I n~ie ti ) tliiti-dtt ',tycl ( rain yield 

p\fcan 
----- ----- icftt 

Ftl 1985 I),8 , 1985 1986 t985 9, (thw I) 
I(Il s U I 4 I11 9.8 10.3 1.45 1.50 1.51 
1(),\ ,23l-.I-12-l.-l ti lt 113 1t7 8.7 12.7 1.47 1.53 1.50 
I('.\ , S(021 -1. -3-f.I I 9 t9 9.8 13.7 1.02 1.30 1.46 
I(IA w 3al2?-F 1-F-\It 09 Ib 8.5 14.7 1.37 1.23 1.30 
€")!Illf)[k
 

It lI 332 I, st.oi l) 115 117 8.2 14.9 1.17 1.43 1.30 
( 'It tptihht,Si 121 128 18.0 38.6 1.34 1.05 1.20 

-I O.5 0.7 ±2. I0 ±2.7 ±.M 13 ±0.0)8 
I ilwu t I10 112 17.5 14.7 1.2 1.3 

1 I 24 31 22 13 

I BIt,td )n30 chiits in 1)5 and I ttrt in 1)8 . 



Table 6. Mean percentage of p~ods damaged 
podfly (iIcIanagrorn.uobiisa), grain yield1, 
and I00-seed mass in 25 F4'progenies of single-

plant selections from cros.es intended to pro

duce podfly-resistant pigeonpea, Gwalior, India, 
rainy season 1986. 

'odtl (ilaj5 
Sc+luctions, (1 11lgil yi,.ld 101'-S2 :ed
 

anitd Colill- I (gplant IllaISS ('t) 

ea ,Iil -----2I.s

ptogelies 1 133 8.5 
Contr,-ol 


(Mvalior 3 34 147 8.7
 
N'(WtR) 15 22 117 7.5 


SF-±4.8 +16 i0.21 

Ilost-plant resistance. We intensified ourscreen-
ig lot icsistalcc to podfly at (iwalior. wher the 
long-dutiatiott gent ypes ,tr,sscIcdv attacked 
hv tis pest cve.y \ear. Ihis CAIr w Cress cratleeC\ 
tials ;11d muade turthcr select jolts. )ncl xlllspIc 
(i the prtrs> is Sltm\ n il I 0.6Itlcwher the 
llcatil the prt)cnies )ifdata froml/1 25 s, C-phi 
Sclectiill f ,1 1".prl , of p "t-resltstF lcii aill 

C !oscsare coil)imIrCd \with thile controls,e0notlt ll 
\We citliC icpui icd (1, IS..VIA ntual Rcpoirt 
19S6. p. I)ithat Iult (d ll podl v-resistaitnt 
selcctions (tad SltMlI podIs a;)d -,cds. 

Plant Nutrition 

\Vc atc stttdyi tngthe t itIeral ntitt ion of pigeon-

pel, partictilarlv to Identify any mncral nutrient 
litnitations and to establish the most economic 
Italls of ; leviai!tiu them. Fxperitients itl which 
nlitrotsm fettilie/r is added at difflecttt growth 
stages of ICPl. 87 an! heing conttinued at differ-
Ct locations, so that wc 111my betctlr assess the 
scope for improviing symbiotic ttitrogel fixation 
inpilpeonpea. Studies have bccn initiated to 

qunant ify the ffect of nitroetn fixed by short-

duration pigeonpea on following cereal crops. 
\We have also been refining our procedure for
condunct ing smalll plot trias to (detect Rhizobiurn g or pltospho s nett ions in 

paric lar ,eld;.WVork isprogressing tindera 
,particular'' W 

(ovcrnlcnt of .Japam Special Project that is 
cXi1ntinjng phosphorus nutrition and its interac
tion with soil-ntoistur cas aillabilitv in pigeon ea. 

Effect of Nodule )amage by Rivellia 
angultaon IPigeonpea Growth 
and Yield 

Wc previously relorted (ICRISAT Annual 

Report 1986, ).189) titat wC could quantify 
clT'-ct of tnod tl.ile da magc caused by Ri cittau-
Na b cagin Illt/flits witih pots growing 
pigLcnpCil. The intestation rcstultcd in a large 
pc'rcltl;igc o uoduilc dantallgc. \Vc prCSClt here 

Fl[able 7) the effects of inf~cstation on recducing 

shoot dry mllass (221"1 overall), seed dry milass 
(Ii;.-, ,and total N (2911) and ) (I ,'() uptake. 
I hcs effects areilmost SCVCe otilVertisols low ill 
N. 'There pgcotnpcI is Itol reliant ol symbiosis 
kr its, N rcq t!irtcnlnts. ('isidcrin2 tile difficnl
ties iinutsin insecticides aeainsl this soil insect 
(see ICIR ISA I Allnlial Report 1986, p. 189), to 
alleviate this problcln, wc lltv ha,'e to rely on 
selection of lltot\pes with nodular tissue rela
tivclv ultaItlactivcto the larvae of' Ritc.;i aiu-
Iaia. 

Comparative Mycorrhizal Responses 
of Pigeonpea and Sorghum 

A possible reason why pigeonpea responds less 

jo P aipplicatillOt than dics sorghum (ICRISAT 
Anntat Report 1986 p. 193-194), is its depend
ence ott vestculairilrbusctliar lvcorrinilial (VAM) 
associatioins that permit better utilization of 
available soil 1t(ICRISAI Annual Report. 
1985, pp. 197-198). \Vc compared the response 
of ICIP. 87 and CS 5 to mycorrhizal inocula
lion inta pot experiment using sterilized soil and 

different levels of P)application. A Vertisol with 
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Table 7. Effect of artificial infestation of pot-grown pigeonpea (ICPl. 87) plants with Rivellia angu-
Ita under three levels of soil nitrogen on plant growth and nutrientuptake at crop maturity, ICRISAT 
Center, rainy, season 1986. 

R. angtiea.e Shoot Root I nodie Seed ory'I otal N Total P 
infestation dry ilas dry a,. ialss uptake uptake

?' icrc]' (+ -) (g pot- ) (g pot') (g pot ) (rug pot-1) (Ing pot-l) 

Low N + 2.8 0.65 0.02 40 6.1 
10.6 3.12 0.27 264 21.9 

Mean 6,7 1.88 0.15 152 14.0 

Normal N + 25.6 6.95 3.20 538 48.4 
30.2 8.44 4.03 636 53.6 

Mean 27.9 7.69 3.62 587 51.0 

Added N + 26.8 6.80 3.82 504 49.6 
29.7 8.16 6153.90 51.9 

Mean 28.3 7.48 3.86 559 50.8 

Average of low N + 18.4 2.35+ 4.80 361 34.7 
normal N + added N 23.5 6.57 5052.73 42.5 

Mean 21.0 5.611 2.54 433 38.6 

SI (N levels) ±0.87 -0.23 ±0.42 ±18.0 ±1.47 
SE (Inlestation levels) ±0.71 tO.19 ±0.34 ±14.7 ±1.20 

S-I (Interaction) 7t1.22 ±0,33 ±0.60 ±25.5 ±2.07 

1. 1o0 N -- til dcpletcd Ofta~ iiahle N h. first giomrng s,ur 1trtui and then mixing in rice straw.
 
Normial N SMt tell Ulld.S ltllrCCId.
 
Added N cil %%ilh20) kg ha N ,t rrlei t added m1 orir g of 
 the ist genoit\pc, I(tl. 87. 

low av:tilable soil P stattus ( .5 tlg kg IOlsen's These illustrate pigeonpeadata that is more 
1'), and al AlIfiSol with low available soil P stat us dependant than sorgium on mycorrhizal associa
(3.0 mg kg-I Olsen's P) weie used. Pltosphorus tions, especially at low levels of available P. The
Ireatments were applied as single superphos- survival of pigeonpea on (le Alfisol without 
phate and a mixed cultttre of VANIM fungi was addition of VANI or P may be attributed to its 
inocu lated. Inoculation of VAM enhanced specia! ability to tittlize sparintigly available P in 
pigeonpea growth over a wide range of P levels the Alfisol. 
on both soils ( Fig. I I ). -towever, sorghtltn only 
responded to VANI inoculation at low P levecls 
ott the Vertisol: there was no response on the Mechanism of P Absorption
Alfisol. Without P addition, VANI inoculation in Pigeonpea 
enhanced plant growth provided the plaits suY
vived; on the Alfisol, sorghum seedlings in both l.',st year we found that pigeonpea could absorb 
inocutlated and noninoculated treatments died. P much better on an Alfisol than on a Vertisol 
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but the reverse was true of chickpea, soybean, 
sorghu m, pearl millet, and maize (ICRISAT 
Annual Report 1986, pp. 193-194). Alfisols have 
most oftheir P in an iron-bound form whereas in 
Vertisols, there is a grater proportion of cal-

-VAM 

0Sorghu 

Vertisol41 ' 

0 	 II i 

0 25 50 75 

pigeonpea 

-' 

'E 	 Veertisol 
1 	0 

0 

0 	- ..... 
0 25 50 75 

ctinm-bound P. Table S shows the various forms 
of P in Alfisols and Vertisols, and the available P 
that can be measured by commonly used extrac
tion procedures. it may therefore be speculated 
that pigeonpea is better able to utilize iron-

Sorghum 

Alfisol 

100 0 
I .. 

25 
I 
50 75 

I 

100 

Pigeonpea 

Alfisol 
fisol 

I . . . , 
100 0 25 50 75 100 

Phosphorous applied (rag kg-' soil) 

Figure 11. The effect of VAM fungi on the growth (total dry matter) of sorghum and pigeonpea insterilized 
Vertisols and Alfisols in pots, ICRISAT Cener, 1987. 
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Table 3. Phosphorus contents (mg kg-') of typ- ...... Pigeonpea 
ical Alfisols an.d Vertisols without fertilizer at 	 - Chickpea 
ICISAT Center, 1987. 20- Soybean I SE 0.97 

------ Groundnut
 
soil . Peari m illet
 

F'orn of I) Alfisol Vrtisol 
 16- Sorghum .. 
Maize 

AI-I) 	 52.88.1 18.1 o 	 " 

F t 	 51.3 77.4 ' 12 ....
Olsen's I) 4.1 	 0.7 E 
Iruog 	 7.6 48.3 
('a-lactate 2.3 10 .8 ,-4 
Brav No, 3.9 	 0.5 Z8 /
Bray No,2 6.0 20.2 

LI, a." .-.. .. .__ . .'..--


hound I' t han oii.ops. This hypothesis was --..... 

tested iv oiparinl the response of a range of 
Crops to .uluiti intnphosphate (AI-P), dibasic 0-1 
calciull ph)plhtc ((a-I'. and ferric phosphate 0 20 40 60 80 
(Fe-l) in 1 ,aIl-v1'rnliculitC mnixlure: flushed 	 P applied (mg kg-l soil)
with a ilitieit ,oltliol. ,,o, speci, s grew%best 
with ('a-I'. d AlI- P. lhen 	 Figureto l~o _y,' and Fe-. 12.Pit eonpcai Pess 	 Effect of phosphorus (Ing kg- I soil), appeuai lv well with eaeh son ree lied as ferric phosphate on ' uptake (nig pot-1 ) by 

hilt 	 various crops in pots. Each crop was hariested justuch better Ihal tile other species with FC-P before it flowered at ICRISAT Center, 1987.(lie. 12). itthus appC r';S 	 ofthat only pigconp,:a

tihcrops ICStCd hais the capacity to solubilie
 

and uitililc Fe-I' 'haractC-istics of the root exIt
dates of ieLgc onpca arC therefore now being
examined iii detaUil. Cooking Quality and Consumer 

A cceptance 

Grain and Food Quality 	 we continued monitoring the cooking quality of 
advanced breeding lines. We determined theChemical Composition cooking quality of 18 genotypes grown at the
 
Caribbcan Agricultural Research )evelopment


We detertined lie composition of two high-
 Institute, Belize. Cooking time of whole-seed of
protein lines (H I'.18 and IIPL. 40) developed by these genotypes varied from 52 min to 76 mill,
the breeding proeram and compared the resti.::; with a mean of 61 min.Cooking time of dhal of 
with those of two Con1trl genotypes that have these genotvpes ranged between 22 and 43 rin.
normal protein levels (C I I and ICPL211). Dhal with a rIC.an of 29 min. Seed coat color had no
protein contetn t. of the high-protein genotypes relationship with cooking time of whole seed and 
was significantly (I' . 0.01 higher than in the dhal samples. However, we noted that these
controls and thiis was halanced by reduced levels genotypes had lower protein values (15.7-18.9%)
of starch in high-prote in lines (Table 9). Analysis than normally expected.
of other constituents also revealed differences ICPL 87 has become a widely adopted cul
between thLsc two groups. tivar. Cooking time and consumer acceptance of 



Table 9. (omposition (7A) of dhal made from high-pro:ein (1111.) and control pigeonpeas, ICRISAT 
('nter, 1986/87. 

(el!ol\ P, P rt eln Stad S t sugal at Ash Crude fiber 

ii1't :5 257 53.2 5.0 2.3 4.4 1.3 
JIPI 40 2?,,,53.9 5.7 2.2 4.6 1.0 

('oilt I ()k 

S22.6 57.8 5.1 2.6 4.4 1.1 
ICIT 211 20.9 58.4 4.6 2.8 4.5 1.3 

SP !(0.09 1G,I -±0.06 ±0.02 ±0.03 ±O.03 

I Hawcd of tl,odterlr i ol son ciih gcrrt,to: pc.
 

dthal ofI ('j)T S7 urotmin at 1(R IS.\ I ('.citer. Biological Evaluation of Protein 
Hisat. it I(iwVl i,'ic dCtClllillt liC \.C Quality 

10dr 
tiol .\i t 11i1h2. , iionl. ,udlIm\-proteit P'ltotti divestibility i, o) increasing interest in 
1it', a at I('RIS\ I ('clill, (, \ahlrr. S'. grain legumes in genteral, aid pigeonpca in par-
N it'ii. mid kiltia ,,i thtll.,okin, time and ticular. IigecI1npca generally has a lower protein
pi ot .it ,. onute:t ot ',hLio ,c.ttI Saird sinfi- digest ilility'thancother irain ct,ues, even after 

0l1Sc A In.oiib,.l hi Iiti,rr s duii to locar

cantlk ( P 0.i01) hct ,ciu iiiCe llireC,CCtrvC 0i Co in. We examined the efcct ol cookintg onl 
heatt (I Able I01. pi,,tcirt digestihility, biological value, arid let 

Table 10. Protein contents and cooking time of hole seed of high- (Ht IT), medium- (M P1.), and 
low-protein (I.II.) genotypes of pigeonpen, grown at four different locations, 1986/87. 

I._RISA I 'cntc (loalu r .K. Nagar .1aia 

(o !kig (tokit! Cooking Cooking 
Protein time I truicin tnin Protein time Protein tim .." 

;ellotypt (e') (tri1 C i ium ) (' I) (Iin) ((') (riln) 

IfIL 25 25.7 53 26.8 50 25.2 52 27.6 50 
11I. 35 25.2 47 26.6 50 23.9 49 28.2 56 
M!II. I 23.7 57 2.9 00 21 , 62 23.4 03 
M P 19 23.9 54 19.4 53 22.9 52 24.0 59 
I.1. I 21.9 56 20.3 56 18.9 50) 21.6 6) 
I.P)L 12 18.6 48 19.2 44 17.3 47 19.) 46 

C,(ntrols 
C I1 20.9 55 19.8 51 19.4 54 21.6 54 
IIDN 1 21.0 54 19.9 54 19.5 50 21.0 52 

SI I-0.21 ±0.54 ±0.19 ±0.32 ±0.30 ±1.12 ±0.27 11.32 

1. Based on two cterminatin,,s for each genot,,pc. 
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protein digestibility by conducting rat-feeding 
trials on raw and cooked whole seed and dhal 
samples of C 11. Protein digestibility signtii-
cantly (P<0.01) increased with cooking and the 
effect-was-more pronou nced in-whole seed than 
in dhal samples (Table ii). Interestingly, the 
biological value of thecooked samples decreased 
in both whole seed and dhal while net protein
utilization increased; this may be due to an 
increase in the protein digestibility after cooking.

In order to study the effect of polyphenols on 
protein digestibility, we conducted a rat-feeding 
trial using pigeonpea cultivars that differed in 
seed coat color (C II-brown and Nylon-white) 
and determined net protein utilization, protein 
digestibility, and biological value, Earlier we 
ireported a direct relationship between seed coat 
color and total seed polyphenols in pigeonpea 
(Annual Report 1981,p 141). Net protein utiliza-
tion of cooked whole seed of Nylon was signifi-
cantly (P>0.05) higher than cooked whole seed 
of C I1.Dhal samples of these cultivars did not 
reveal such adifference, indicating that observed 
differences in the protein digestibility of whole 
seed might have been due to polyphenols con
tained in the seed coat. 

A comparision of protein digestibility, net 
protein utilization (NPU), and utilizable protein
(NPU x protein %)of dhal and whole seed sam-

pies of high-protein lines (HPL 40 and HPL 8) 
and control cultivars (C 11 Iand ICPL 211)
showed no significant differences. However, util., 
izable protein of whole seed ofhigh-protein lines 

--rwas considerably-higher (9;5%)-than that-of the 
control cultivars (7.3%). 

Protein and Amino Acids 

We determined the protein conceritration in 
1305 whole seed and 979 dhal samples obtained 
from the breeding program. Protein content of 
whole seed samples varied from 14.5 to 25.2% 
and of dhal samples from 19.9 to 34.7%. We also 
analyzed 1074 whole seed samples of germplasm 
accessions. Protein content of these accessions 
ranged between 16,0 and 26.8%. We also ana
lyzed the high-protein genotypes for amino-acid 
composition and observed no large differences 
in the levels of lysine, cystine, and methionine, 
indicating that an increase in protein content 
need not adversely affect the protein quality 
(Table 12). 

Vegetable Pigeonpea 

We analyzed green and mature seed samples of 

Table 11. Effect of cooking on biological value, protein digestibility, and net protein utilization In 
plgeonpea C 11, ICRISAT Center, 1986/87. 

Treatment 
Food 

consumed (g) 
Biological 
value (%) 

Whole seed 
Raw 44.2 70.5 
Cooked 41.0 64.7 

SE' ±3.32 ±2.05 

Dhal 
Raw 41.9 77.7 
Cooked 44.7 69.6 

SE] ±1.87 ±1.37 

1.IBased on five determinations for each treatment, 

True protein 
digestibility (%) 

Net protein 
utilization (%) 

61.1 
77.8 

±1.13 

43.1 
50.3 

±1.80 

71.0 
83.0 

±1.60 

55.2 
57.8 

±±.63 



204 li',('onlwa 

Fabie 12. Protein contents (%,) and essential itamino acid I g (1 00g )- protein contents of high-protein 
(1I1P1.) and ct()nrol pa.,eonpea cultivars, ICRIS.;AT ('enter, 1986/1987. 

1 'MIle 1-it diiic I lit.oIillLc ( \Stine tohiollile 

("L*L W P[ilog I ()I ' pro leiri 

III'' h 26.) 0.3 3.7 3.4 0.9 1.2 
I P1 .40, 29.1 6.6 3,7 3.3 (1.9 1I. 
I o"rIl kI'
 

11 23.6 6.4 3.0 3.4 0.8 1.2
 
I({ '! 211 21.9 6.5 3.6 3.2 0.8 1.2
 

I ±0. II -tO.03 :Y. 07 +0.01 ±0.02 
Xu~d P, -1dcladt dhalI ,arnple, usng ,dmlinot-di~tl ;lh}tna'r, 

2 K1iuC (1) t'() dt.tI'1llt?ll05D 101 C0i l )w i(otv . 

45 ,.cgetbh pigycolpc', lor pi otein. 1,oIube 
,ut1;tr,,. 1id crie tiberC'Cilt.. littS ilpol taLIt tac-

tsri in ttfit utilt!:ntr,, I)troe'i. ,tblib!. snecs. 
Ittil lcri e Ci cli',11i I , LCitCI \,CI'Cse(eCds 

etusidetably Ittltut t hrt l Inimttlie sceds inI 
type,. in oltiQ Icemature sfieds 

latld InI()Fr IuL'I" t:I11 ci 1 cCu,. I herc 
it c ci h'iblt, cu. uw.a ni) ni;atut 

Co lt,con-
\\ as 

seeds 

with respect to protein, solubi,.sugirs, and crude 
fiber content for ;111tilt, oCnotypcs tested. 

Therc IS usuall it 3 4 day .,ap between the 
date ol harvcsting of green pods for vegetable 
ptirpSCSi ld thc tillCthy' rllCCatCl. iorderto 
aS.sS,.Ithe chan11lges in dtrintg this 
period, WC studied thc effect of storage time Oi 
cooking quality. Grecn pods wete harvested and 

Table 13. Effect of storage time on cooking quality ,)f vegetable pigeonpea (Nylon) stored at two 
different temperatures. (RISAT (*enter, rainy season 1986/871. 

Rototm tem Ipcrattire 125' (1 Cold-roor temperature (5 C') 

\tureIrardlicsl, lettre (hardness)2 

Storage Moisture (Xtktug Itoild MOlistte (ooking Boiled 
tintl (d) ( I tiue Orn)I a (10 mii l I,(} lttle (tmi:!) Ram 10 1min) 

0 63.7 13 9.8S 3.75 63.7 -. 
I 61.6 15 12.2s 4.66 61.6 13 1085 4.05 
2 61.0 15 12.S5 4.6o 61.1 :3 11.65 4.19 
3 59.7 16 1(6,0 5.05 60.9 13 12.52 4.43 
4 59.6 I  7.3o 60.7 15 13.68 4.71 

SE tlo.5o -(21 -'0,84 ;0 43 '1.06 1.3 ±0.34 ±0.18 

I. Pods wkcre hareNstd at i tyt".ahlc Nlrt,tocc and , lta Ir() ttlcrcrn tcmper;utrcs Ip to 4 days.
22. Peak ara (c[n1) lnle;I~toCt il' gc mi etrlusito cell in Instron Food Itc .e 

3. = Not detc'rmritc( 



separately stored at 5 and 25C. After storage. 
the pods were shelled and the moistdre content, 
,-ooking time. tnd texture (hardness) ot peas was 
determnied. S.tolaic,,: at room temuperature in-
caCed the _.okin2 tun :of green peas and his 

oh"sctation kas substantiated by the result,, oin 
texture (halrd ess CI ahle 13). 1lowexer, it was 
oL, %cd thi storage at low temperature for tLIp 
to 3doay did not cause any noticeable changes in 
cooking qualit. 

Plant Improvement 

S;hor.-duratlon Pieonpea 

Ve havc cmphasi'ed iptpro\etneu't of short-
durait on pigconpeas (mnaturing in 90 I50 I)AS) 
to suit different cropping systells. Stability of 
prod itetion is Soicgt h,iIl;po;tialIg resistance 
to uajor diseases, lo. susceptibility to pod 
I)rcrs., and supcrior mean yield ovcr a ra ngce ofi 
gri)\,inCeotud it ,;:>. 

We identified superior linen in alH the thrcu 
'tajr phenmogical types in the shurt-duuatit 
grot)tp (. Ifrabhat group. II. Ii PAS 120 group. 
and 11.I 21 group). I('lI. 84023 (P'rabliat 
groutqp flowercd in55 digvs and matured in 90 
days :tICR IS :\I Center, and at H isar, it flow-
Arcd itt 60 d't\ , and n:lt )00days. At threetired in 
sowing dates at liisar (April, June, and Julv 
i98,)ityieldcd.1),2.01 . and 2.4tha ',compared 

with 2.5.2. t. and 1.7 tha I'r ICll.4(Prabhat. 
-It had larger seuds. ,8.2 :(100 seeds) than IClI. 

4.6.6 g (100 seuds) . his line has been selected 
for AICl')l multilocational trials in 1987. Other 
lines in this group that are superior in sed siYC 
and yield to I'ra hat were identilied for l rther 
evaltation. These areCl1I. 86005.6010, 87092, 
87093, 87094. 87(195. and 87103. All these lines 
flowered between 53 and 65 davs and matured in 
less than 110 days at Ilisar, had seed masse, of 9 
to 13 g (100 seeds) i,and uimeau yield of over 3 t 
ha-' , comnpared to 6.5 g (10 seed;)- i and a yield 
of about 2 t ha-' of ICPL. 4 (lrabhat). ibis is a 
significant step forward in yield and seed si/c 
imnprovement in the extra short-duration group. 

This phenological group is relatively insensi
tike to photoperiod and temperature variations, 
so nuch so that some genotypes were success
fully,grown fron the equator to 40 N and 480S 
latitudes. The ,ivailadility of these genotypCs 
creates a potential lor contimercial pigeonpea 
production ut nontraditional growing areas. 

We tested short-duration lines for insensitivity 
to piotopertod under extended light ( 16 ) pro
vided hy 100-W incandescent bulbs under field 
conditions. The test lines could be classified into 
two respotnse grolps; the less-seisitve group 
where flowering was delayed by extending the 
photoperiod by abut 20 days, and the more
sensit\ ec rgiup where flowering was delayed by 
30 40 days (Table 14). [his observation indi
cates that All short-duratitn genotypes may not 
adapt to higher latitudes and that only less
stn:itive types should be tested at such locations. 

I ,oobserve responses to higher temp,ratures 
(inaxiintint temperatures arond 400 (), we grew 
127,1hot t-dUration genotypes ia he 197 sunmmer 
:asotn at ICRISA V('enter. Interestingly, geno

typic differences itl response to high tempera
tutres were simnilar to their response to extended 
d:iyength. Mean days to 50', flowering was 66 
days and when SOwn on 18 February, the lines 
I(.IT. 83006, 84023, 85012, 85043, and 86018 

-I.
 recorded yields of 0.7 1.0 t [.
We continued our efforts to develop superior 

Hies in the UlAS 120 group, in which ICPI. 87 
has officially beeni released in peninsular India 
(ICRISAT Annual Report 1986, p 198) and 
i'PI. 151 identified for multiple cropping with 
irrigated wheat innorthern and central India. 
Four determi nate :dvanced lines that were sig
rificantly higher in yield than ICPL 151, and 
indeterminate controls (H77-216/ UPAS 120) in 
different acvanced-line tests at Hisar were iden
tified for further evaluation (Table 15). Three 
inideterminate advanced lines, having significantly 
highir yields and larger seeds than UPAS 120 in 
different advanced-line tests at Hisar. were also 
identified for further evalunation (Table 15). In 
the indeterminate group, all the released culti
vars have small seeds, 6-8 g (100 seed)-i. How
ever, the sced size in the above selected lines 
ranged forn 9.1 to 12.7 g (100 seeds)-. 

http:i98,)ityieldcd.1),2.01
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Table 14. ,Mlean days to flowering of some extra-short-duriAtion pigeonpea lines under normal and 
extended (16-h) photoperiods, l(k ISA]' (enter, 

198,0 

Nmr ma~l Vxl elldct] 

Lines da lengt h aI )n!l 

I .e ,- siiic grotup 
I !. 85010 5. (1.4)' 74 2.0) 
('T 85024 51 11.3) 70 1.5) 

IK 'I] 316 53 ' 0.4) 74 1 2.8) 

Mealn 52.3 72.7 

Moresclsiti.c group 
IT'l 84T)19 52 (+ 0.4) 87 ( 45) 
('T ,x5043 53)( 0.3) 1 (!. I.) 
(I'T. 86001 52) (' 5)) '3 1.5) 

1(I'T. 86003 53): 0.4) 9))0 : 2.21 
(g1.9.4 53 0.4) 9o 2.(, 
QI' . 137 54 01.0) 84): 1.31 

iean 5. S6. 

I. \' hlcOit' rOlllhe "- ICstl , l tlcll ', l iIo 

1oidi',\lp S,Ort-dlrItjill ' hitc-se,.etd lines 
silli to I'PI. 87. ve had initiated a hackcros. 
pror.r1Mn in 1981 uing (AI I 2S9 and (I . 
S3123 as \h itc-,ceded dc noris. In the 9S7 rainy 
s oun, selected white->.eeded BC I. ptoenie 
were tested \'Alh I(IT ,7fIoourIll :nlroltonic 
prforlInance. \\"hie-,lcdd ines:iuIh other plant 
arid se d charlaclls simil,1r It,tho c o' I('l'1. ,;7, 
\'ecre slCectd to,Mlt1lti')C;11lI IestC1 , I 
SormnlImcc is sir( kk0 n I Ie Ilc1. 

In liht I 21 !,,oup (aob t 75 dix's to 50i 
fhwerine). ; ricli)H l'l X3024) was identified 
for incliiol iln thleAi PIP ilt It locational 
trial: in 1987. Ihihtha,,sccd llmas of over 171g 
iU seeds)', a.,,agains+t 7.)g (1())) seeds) 'lot 

21. It ISthle irst dl: niatc line1i thi trou P to 
enter the All India Cooldlated trials, and has 
also purlornIt,d \veil il lh ailand To identify 
Ilitter gcnotyvpe,, i tihe 1 21 roup,. we\alutted 
the collectiol available witi the (enetic Rcsour-
ces Unit ((;,ti) in six gr\OWmile conditions (on 
Alfisols and Vertisols, nortmal anrd delayed sow-

rain. seasons 1986 and 1987. 

i987 

Noi nilal FN:1,_lldcd 

I fitc - da , -lith 1o egr I )fferenceI 

21 ')5 (tI.0) ,2 ( 31.0) 17 
19 62 'J 0.7) 77(: 2 t) 15 
21 57(±0.8) 73 ± 1.6) 16 

20.3 61.3 77.3 16.0 

35 
28 
31 

37 

43 
30 

57 (± 1.1) 
62 (± 1.0) 
56 ( 1,0) 

57 . 1.0) 

58 I II 
62 1.1) 

90 (± 2.9) 
97 (± 2.1) 
89 (±2.5) 

99 (t 1.9) 
93 12.3) 
9 ( 3.1) 

33 
35 
33 

42 

35 
36 

34.0 58.0 9.1.3 35.7 

ing, aid under rainfed arnd irrigated conditions) 
at IR ISAT Center in 1986. On the basis of 
mean performanCe over the various growing
conditions, we selectcd I(P 7100, 710-1, 7457, 
and 325! for further testing. 

1-1 y!)rids 

Fhe short-duration pigeonpea hybrid 1CPH 8 
has shown a ditinct yield advantage in many 
vi 1l(1 rals (ICRISAT Annual Report, 1985, 
pp. 205-206: ICR ISAT Annual Report, 1986. 
1p. 200). In the AICPIP l-xtra-early Arhar Coo
dinat,.d Trial (FIACT), this hybrid had a yield 
advantage of 44(7. over the national control, 
11PAS 120, despite the severc drought expe
riened duoring the croppi, g season. 

During 1986, a total of 144 new short-duration 
hybrids were tested. Of these, 33 exhibited more 
than 20% yield advantage over the best control 
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Table 15. Petformance of pigeonpea lines superior to ('I, 151 in advanced line tests at Ilisar, rainy 
seasonis 1986, 1987. 

l r cll \tc]ld limei to 50'i 
I),1 haaIm I I ~ c rI ft!' lim to 100 

N\ic~d (t ha~ 1 ,I[[ d Iiied (d) 111attllit% (d) 
- .... ... .. . ....-- - - - . ..... . Ill Seed 

linty I86 I ;7 l > ] 7? 1QS6 1987 19S( 987 (g) cololi 

I)eleruininlte 
(i'l. 871(09 3 m, 4 25 17. PO 12.:i2 75 77 121 139 13.8 C 

I('I) 71o7 3.v00 4.0o 1-1.70 11.34 73 72 114 141 1 .6 C 
( ) I I I', 

W(P1 151 2.N1 2.93 12.90 7.68 61 67 108 128 12.1 C 

I PAS 120! 2,6x 2.87 13.81) 12.41 79 85 110 122 8.3 B 

SI. ±0.22 ±0.24 -+2.00 ±0.72 ±0.4 +0.7 ±0.7 ±0.7 ±0.16 

I ial liocan 260 3.0! 15.1l) 9,43 72 71 121 134 11.9 -

{F n{ltlr,") (16) (18) 

(v (eK) 17 I,4 13 13 I 2 I I 3 

(IT 10812 3.56 4.08 11.70 8.06 62 68 III 129 12.6 C 
( "O1111Q] 

I)()lI 1 1 2.67 3.22 9.60 7.9? 60 66 101 122 11.8 C 

I'lAS 120 2.99 3.11 12.40 10.45 79 85 III 128 7.9 II 

S: -+0.18 ±0. i6 -0.58 ±0.72 -'0.6 ±0.6 ±0.5 ±0.6 ±0.15 

I Iudl li all 2.76 3.30 8.60 8.31 66 70 108 125 10.7 -
lnrricN) (16) (18) 

14 8 14 15 2 1 I 1 3 

ICPI 851)27 3.44 3.55 14.00 9.63 75 77 107 130 12.4 C 
(ollt;o, 
I(T'. 11 2.60 2.94 8.10 7.68 63 67 107 128 12.1 C 

1177-216 
I 'I'AS 1202 2.45 2.87 9.90 12.41 75 85 109 122 8.3 B 

S 1-0.24 ±0.24 - .00 ±0.72 ±0.8 ±0.7 ±1.6 ±0.7 ±0.35 

I ral Ilca1l 2.72 3.01 I 1.00 9.43 68 71 112 134 11.3 -

; ntrius) (16) (18) 

('V ,;) 15 14 16 13 2 2 3 1 5 

Continuled. 
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Table 15. Cotidnued. 

Dry stem yield Time to 50V7 100 
Dry grain (tha1) flowering Time to 

yiehl(t ha 1) air dried (d) maturity (d) mass Seed 
lines 1986 1987 1986 1987 1Q86 1987 1986 1987 (g) color' 

Indeterminate 
ICPT 87114 3.31 3.65 12.20 8.87 82 87 114 139 10.0 C 

Control 
t11PAS 120 2.46 2.86 11.70 I .,47 78 93 122 138 8.0 B 

SF f0.22 -1).2S -t().7o±0.86 M(.4 ±0.8 ±0.7 ±0.5 ±0.24 

Iria! mean 2.61 2.X6 9.50 8.92 72 89 108 137 8,7 
(E:.ntries) (16) (18) 

17 17 15 17 I 2 1 I 6 

ICTI. 87115 3.21 4.07 13.50 10.56 83 89 127 139 9.1 B
 
(.on rol
 

t!PAS 120 2.37 2.86 12.00 11.48 82 93 127 138 8.3 B
 

SEF0.24 ±0.28 ±0.80 ±0.86 ±0.7 ±0.8 ±0.8 ±0.5 ±0.30 

Irial mean 2.23 2.86 11.60 ?.91 79 89 114 137 9.9 -
(Entries) (16) (18) (18) 

CV (() 23 17 14 17 2 2 1 I 5 

lWIl. 85058 3.32 3.36 18.40 8.52 83 96 131 142 12.7 C 
Co,,rol
 

UPAS 120 2.52 2.86 13.60 11.48 80 93 108 138 8.6 B 

SE ±0.24 ±0.28 ±0.94 ±0.86 ±0.8 ±0.8 ±0.7 ±0.5 ±0.30 

Trial mean 2.73 .86 12.60 8.91 72 89 II0 137 9.8 
(Entries) (16) (18) 

CV ((,j) 18 17 16 17 2 2 1 I 6 

1. Seed color. IH- Brm n;CA (rcam. 
121) 1986 and 1177-2162. UPAS in in 1987. 

cultivar. T1 pe rfo rmance of some of the out- alternative hybrid ,eed production systems are 
standing ncv hybrids is summariied in Table 17. being tested to produce hybrid seed at a low cost. 
Iwo determinate hybrids, ICPH 73 and ICPH Experiments at ICRISAT Center have shown 
61, yielded about 3.5 t ha - injust over 100 days that the cost of pigeon1pea hyorid seed can be 
at Hisar. We plan to prod uce enough seed ofthe reduced substantially by exploiting its ratooning 
promising hybrids for further testing. ability and pcrenniality. Tihis can produce more 

For farmers to accept hybrids, the cost of seed than one harvest f'rom the same plants within a 
should be relatively low. In the absence of cyto- year, removing the necessity to rogue fertiles 
plasmic male sterility in pigeonpea, various from the male-sterile rows in subsequent crops. 



Table 16. Performance of some white-seeded ICPI. 87-type backcross pigeonpea progciiies (BC1 F:4)it 
iCHISAT Center, rainy season 1987. 

uime
to 50i lfime to I00-sced Yield 
-
1,11n)y floweting (d) maturty (d) llass (::) (t a 1) 

M AI'I 87 , ICPI. 11,9) I('PI. 87 

70 i2f 10.1 3.25 
-34-3-H 72 125 10.7 3.19 
- 20-4-H3 73 124 9.3 3.00 
-1-2-B 67 119 10.8 2.85 

Controls 
1W.IT 87 74 125 9.9 2.78 
illl. 289 63 115 10.5 1.66 

SE ±2.0 ±2.4 ±0.21 ±0.28 

11ialmean (25 duries) 71 123 10.0 2.47 

(4 () 3 3 16 

Ftficienc', ((') 77 76 78 97 

((Il 87 , WITl 83023) ,ICP[. 87 
-27-i-l1 74 125 10.9 2.71 
-31. 1-h 70 119 9.4 2.50 
-31-3-h 74 9.8123 2.48 
-2o-5-1 69 116 10.6 2.47 

Control 
ICPI 87 73 121 9.7 2.41 

S E t0.9 ±1.3 ±0.24 ±0.29 

Irial mean (36 entries) 74 124 10.0 2.20 

CV t,i) 2 2 3 18 

Efficiency (%)' 107 102 142 102 

Eificiecy of latticedesign over randoni,ed block design (RI)). 

In 1986, from Ihe crop sown on 16.1tuly, as many Male Sterile (MS)Prabhat, to determine the 
as six harvests were made up to December 1987; physiological basis of yield improvement in the 
this system can be further extended to the next hybrid. Growth aMnysis studies were conducted 
croppi119 sclsoll. during the 1986/87 season at Hi ar, Gwalior, 

afnd( ICRI SAT Center. The yield advantage of 
the hybrid was highest at Gwalior, where it 

Physiological Basis of Ileterosis in a Short- yielded 761,' more than the best parent (Table 
duration Pigeoupea Hybrid 18). The increased yield of the hybrid was pri

marily relateo to its increased biomass produIc-
We compared the growth and yield characteris- tion, which was apparent from the early growth 
tics of ICPH 8 and its parents. ICPI. 161 and stages onwards (Fig. 13). The hybrid also had 
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Table 17. Performance of some new short-duralion pigeonpen hyrbrids, Hisar, rainy season 1986. 

FIntr 

Trial I (Itndeterminalte)
 
ICT'l1 156 

I(II 169 

ICI)II 158 


I.JIAS 120 


sIF 

Iriial mant. (10 entries) 


(V (('() 

Triail 2 (Indeierminale)
 
('ll 140 

I('ll 138 

1('1ll 153 

U onltrol 

I'.AS i2() 


S F 


Irial maaan ( I0 entries) 


UV (1;) 


Trial 3 ()eterminate)
 
I('Ill 73 

I(CPtl 61 


(ow ro]s
 
IIrabhat 

ICI. 151 


SI" 


Irial n-an (14 ctntries) 

cV (%i1 

Trial 4 (DIeterminatie) 
IR PH 88 

l(Tl 106 

I('P1l 80 


( 'Olsls
 
IPra bihat 

1( I). 131 


SE 


Irial mean (16 entries) 

CV (%) 

t 
naaturitv (d) 

115 

114 

116 


113 


±1.3 

115 


I 


114 

116 

116 


117 


:±1.3 

115 


2 


104 

106 


103 

113 


±1.6 

107 


2 


124 

116 

114 


112 

118 


±1.7 

117 


3 


Pieltanr 

height (cm' 


241 

233 

244 


197 


16.7 

235 


6 


237 

228 

219 


202 


±10.4 


217 


10 


160 

139 


138 

151 


±14.0 

151 


13 


181 

187 

181 


174 

173 


±3.5 


179 


4 


100-seed 
mass (g) 

8.7 
8.5 
8.5 

8.8 

±0.17 

8.7 


4 


8.4 
8.7 
7.8 

8.4 

±0.16 

8.5 

4 


7.5 
7.1 

5.9 
10.4 

±0.31 

8.6 

5 


10.1 
8.7 
7.7 

6.4 
11.6 

±0.20 

9.8 


4 


G(ain yield 
(I ha- ) 

3.01 
3.00 
2.94 

2.46 

±0.33 

2.6! 

26
 

3.57 
3.22 
3.17 

2.49 

±0.35 

2.83 

25
 

3.57 
3.45 

1.45 
2.84 

±0.36 

2.27 

22
 

3.16 
3.09 
3.01 

1.95 
2.44
 

±0.30
 

2.4
 

25
 



Table 18. Growth parameters of the short-duration pigeonpea hybi 
161 and MS Prabhat, Gwalior, rainy season 1986. 

1CPH 8 and its parents ICP 

G(mir'h pl+,,amter I IC'Pt 8 i,1I. 161 MS Prabhat SE 
"icid (I ha 1)
lo ttll dtl , llau cttl (I hia 1) 

2.77 
13.02 

1.34 
9.23 

1.57 
9.86 

±0.26 
1.06 

llulit iide.x (i) 
Po I1, : 

19.9 
I F, 

14.4 
590 

16,1 
930 

±1.9 
±123 

1I0t-,Cd 
S c.'k dI 

Ina 
I 

,I(l 
3.6 

8.9 
2.5 

7.3 
2.4 

±0.35 
±0.17 

1 \iLIC', al rlicdC o'.Cr pplaioi ns of 17, 33, and 66 planmN ilm1. 

<an-. iinillk hotter hal-vest index (lable lX,1). 
hI\Vhilc fhe hrid hid snialler seeds than of its 

paRnt1. i t ld More )dS iIn aid seeds pod-' 

hV egeitalt Pigeonpeal0 

In illian palit of the "Ci -arid tropics, eengree 
pi,1Ceon1peI il Ctiinli vi tlCti i s a %e tahlel >c d Kc' 

i lel il Iha l c l
m c \%a ue pcias( [I'.S .satl urn1) 

are.: u cCLI.IIIn C ill,i !)ieuiI. IeiilpcilineN \vitlh nic 
podanllei> ' aiCl prclerrcd as 

\v Iih l'N . Ini t l hr )i _, t cit~It. -hiltrt
diit;iiiml, icLilti',.\ t i toin'cilSitisc \i+eti hle-

pc IIle I IIo bIih ccIl-% aLic IL' lWhI e diu driI 

il o LeIi ut theu %,ciii. IIIi theiledl Iii dill-ltt 'loll0 
iip. itlr atcilipt is, tI develop hiiuh-yicldine 

liIe :Ssiu ita lHe t ll \ ,%cl,ta blC andi d rv-scDd 
pil+dUCtiMn. iild \% liivC ide tilied IlineS with 
200od %ield] ptnCtialll.ktil IS, 1d11 tolrance 
to disacascs IIfable 19). (PI. N7048X. whihl hlis 
lalicr stclds thain the ciulltol C I I, has perlormcd 
\well for- 3 vears at IW('IISAT ('etel ( [able 2(0). 
Shi. line is tolerait to wilt disasc. 

Long-duitrilion Pigeonpea 

In the lOng-dUration group, we continued to 
breed lines withiresistance to diseases and insect 
pests so as to stabili/c crop productivity. One 

1500 ------- ICPII 8 
MS Prahhat 

ICPI. 161 

-

5 500" 

il 
I I 1I I 

0 20 40 60 80 100 120 140 160 

livs after sowin 
Figure 13. Total shoot dr'y matter (g hm-) accunula
lion wsith lime (if pigeonpeil hybrid ICI) 8 aind its 
parents 1PI 161 and NIS Prabilt grown at Galior, 
rainy season 1986. 

advanced line, IC('PL 366 continued to perform 
well in northern Madhva Pradesh with a 16% 
yield superiority over the control cultivar Gwal
ior 3 (Table 21 ). ICPI+.166 has resistance to SM 
disease, which was in epidemic form in 986 in 
the northeastern parts of' India and the Terai 
area of Nepal. This line has been identified for 
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Talle 19. Performance of promisinig meIitunl-(ura tion, vegetal)le-ts pe pigeonpe lilies, ICRISAT 
('enter, rainy season 1986. 

lme to I illc to6 

50f flmci- I ime r, SCed, 
EI[t I ing (d) rItaturiity (d) pod 

l(I' . 87048 127 177 3.9 
I('Tl 87049 128 173 4.3 

l(I ll. 87051 131 179 4.1 
I('T 87052 129 177 4.3 

Controls 
C I 128 174 3.7 
BI)N t 116 162 2.9 

SII ±1.3 ±2.0 ±0.20 

Frial Ineai (16 entries) I28 176 4.0 

(' (( 1 2 2 9 

I R = Ic'.istait, I - loiclailt, and S SmCcplitle. 

on-farm trials in tihis region for the 1987 season. 
A SNIM tolerant line IT 1. 8398 has also per-
formed well in nort herniMadhva Prad ,sh (Ta blc 
21). with an average superioritv of I f0% over the 
control eultivar (walior 3. 

Wc begaii chaluating Inedium- and !ong-
dotratiol pitgeo npca gcnotypes with resistances 
lo fusari uni wilt and or SM diseases, to Ipell-
niility and tol.d biotass production for fuel 
fodder, ald irailit. In 1986, 24 entries were sown 
at ro\y arid plait spacings of 120 x 30 cm on 4 
Aiiust and 31 10 cn out 16 September. I)rv 
nature pods were harvested in .1anuary and 
March 1987 and clippings oflthe top third of the 
plants were made for green lodder on 17 April. 
25 May, and 13 .1uly 1987. [hcr ,ial will con)tinue 
until 1989. The production recorded for these 
harvests is given in Table 22. 

Appropriate Canopy Type for Long-duration 
Pigeonpea in an Intercrop 

In India, long-dli,-ation pigeonpea is normally 
intercropped with a cereal. It is therefore neces-

I h i i
N .I k actionl to:l 

It00-.Ccd ielt c 
Illias. (g) (0 Ila 1) W ilt SM 

I3.0 2.04 f S 
14.9 1.75 R R 
14.6 1.60 T R 
14.4 1.57 S T 

10.7 2.02 T S 
10.7 1.52 T S 

±0.39 ±0.14 

13.4 1.52 

5 16 

sarv to understand the most suitable canopy type 
for intercropping, especially in view of the fact 
that breeding for improvement of long-duration 
pigeonpea is done in sole stands. Thus, six long
duration genotypes with either spreading(Gwal
ior 3, ICPI 360), semi-spreading (T 7, ICPL 
366), or erect (,Iahar, P)DA 10) growth habits 
were coinparcd as sole crops and as intercrops 
wil I the pearl millet genotype 1.I 104. The exper
intent was conducted during 1986/87 at the 
ICR, SAT CooPerative Research Station at 
Gwalior. 

Intercropping significantly reduced the mean 
Vield ofpigeonpea by 10% and there weresignif
icant differences between pigeonpea genotypes 
(Table 23). However, the interaction between 
cropping system and genotype was not signif
icant, suggesting that yield in the intercrop was 
not related to plant type. A similar result was 
also obtained from the same experiment con
(fucted in the previous season. 

ICPL 366 gave the highest yield of 2.4 t ha-1, in 
both sole- and intercrops. It matured 20-36 days 
later than other genotypes, mainly because its 
podset was more delayed by the cool winter 



Table 20. Performance of pigeonpea line ICPL 87048, ICRISAT Center, rainy seasons 1984-1986. 

Intl 

Yieldt hl -')
 
I('' ,
*7;48 

IM)N 1 

C Ii 

S 

1rial mean (16 entries) 

('V (') 

Tie to 50% flowering (d)
 
(PlI 87048 


B )N I 

CI 1 


S1: 


I rial mean (16 entries) 


(V U) 


lI00-seed mass (g)
 
WIT'l 87048 


Ht N 1 

( II 


SI, 


Irial mean (16 entries) 

('w'i) 

Time to maturity (d) 
ICII. 87048 

Controls 
BI)N I 

C I1 

SF, 

lrial mean (16 entries) 

(T C;; 

1984 


2.65 

1.82 
2.53 

±::O. 18 


2.02 

15 


118 


110 

118 


±0.9 


115 


1 


12.3 

10.5 
9.9 

±0.37 

11.9 

5 


168 


162 

172 


±2.4 


170 


2 


1985 


1.50 

1.93 
1.85 

±0.93 

1.45 

11 


139 


122 

136 


±2.0 

13.4 

3 


13.7 

10.3 
10.6 

±0.32 

12.78 

4 


211 


180 

194 


±1.8 

197.7 

2 


1986 Mean 

2.04 2.06 

1.52 1.76 
2.02 2.13 

±0.14 

1.52 

16 

127 128
 

116 116
 
128 127
 

±1.3 

127.6 

2 

13.0 13.0 

10.7 10.5 
10.7 10.4 

±0.39 

13.35 

5
 

177 185
 

162 168
 
174 180
 

±2.0 

175.8 

2
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Ta le 21. (ompara Iue vield (f two hlg-d uration advanced pigeoitpea lines over5 years, (G: , ior iind 
,Morena, 1982-1987. 

No . of ill". Control Nc,. of il'l, ('mll"ol 
traritls 366 (( kivalwr 3) S!: trials 8.39) ((iM ilior 3) SE 

982 83 
1983 81 

4 
5 

2.82 
2.71 

3f17 
2.38 

10. M 
! (). 13 

2 
5 

3.30 
2.24 

2.85 
2.10 

-0.16 
±0. I 

1984 
1985 

85 
St, 

II 
8 

2.30 
1.97 

2.17 
1.2;' 

'0)7 
!o.07 

5 
7 

2.33 
1.30 

2.54 
1.29 

-0.)0 
-0.08 

198 87 8 1.99 1.25 0.09 5 1.80 1.20 j±0.12 

Mheant 2.3 2.). 2 1() 2.00 

Table 22. Performance of top entries in I trial of perennial t)igeonpei, ICRISAT ('enter, 1986/87. 

I),, 	g~imn .,I (I hI,1): (reen fodder yield (t 1);, 1): 
,o of[ 2 r\Q't tOtal of 3 hal'csts 

WVid ('lose- \Vide (-lose
rInSa Ip.ICinIg s)CinIgI spacing spacing 

I('T 8398 2.38 	 3.09 10.54 15.59 
(JP 8860 2.29 2.24 7.44 10.51 

MA 	95-2 2.19 2.90 	 12.73 12.85 
('P 	I 129i 1,96 2.52 12.48 14.74 
1 17 2.15 2.60 9.71 10.67 
C II 2.13 2.50 	 10.45 13.02 

S I: +-0.17 ±0.18 	 ±0.85 ±0.91 
lrial meall 1.56 	 2.07 8.69 10.58 

('V 	 (") 15 13 14 12 

I. Wide spacing 120 30 cm. 
2, ('lose spacing 13) 10 cm. 

weather. It therefore had a longer peiod of the recommendation made by the Constfltative 
reprodtuctive gro wth during favorable weather Group Meeting for Asian Regional Research on 
conditions. Such fact o;s as this mnav be lmore G rain L.egumes in 1983 (ICRISAT Annual Re
important than canopY structure il dctCrtining port I983, p.148). and subsequently ratified bv 
the yield of Iong-d urat ioll pigconlpeas. the Review and Planning Mecting on Grain 

L Cegumesinl 1985 (ICRISAl Annual Report 
1985, p.173 ). Its broad objective to facilitate

Cooperative Activities testing and dissemination of appropriate varie
ties anld tech nologics to increase pmoduoct ion of

Asian Grain Legumes Network (AG LN) groundmt, chickpea, and pigeonpea in the Asian 
region, including the !tost country, India with 

lhe AGI.N was established in 1986 as a result of which ICRISAI" has a special relationship in



Table 23. Effect of intercropping on grain yieid 
(t ha) of six long-duration pigeonpea gen,-

Gwalior, 1986/87. 

(;C otyjpe soh., crop Intercrop I 

(;~ltr3 

RlTI. 360 
17 

2.13 
2.13 
2.13 

1.801 
1.92 
1.78 

I(. 306 

Itlila 
2.44 
1.75 

2.41 
1.50 

)YA 10 1.53 1.51 

86 :tO.j452 

Man 2.02 1.82 

S: z0.042 

1. ncrcropptd vth pa milc B.1104. 
2 txc'n oilpjtrn means vi itn',,non i a cropping 

lr,%itniltrh-,
t-0.02 

volviriI 1a'Nx cotllaborativC studies with ICAR 
scient ists. 


lhC AG!I N coordinator had discussions with 
don(or agcnCics arid institutions ill tie region, 
notahlv the A( 'IA R, F.conroniic arid Social ('omn-
Mission for Asia and the Pacific (I[S('AI') 
Regional (orillatioll (eliter for RcsClch arid 
l)cvclopmcnt of ('oaIrse (irails, Putlses, Roots. 

nd 'lItlbcr (irops in the ItUmid Itropics of Asia 
and the I'acilic ((GiIRt Center), the Cantadian 
International I)evclopncert Agency((ill )A). the 
tlitropcan tFcortotic ('ornu:Iraitv (-[C). F-AO, 
the Irtcrnational I)cvehprnllctcResearch Centre 
(I!)RC), the Tinited States Agency for Interna-
tional l)vclopmclt ( ISAIt)), and Winrock 
Internaltional. lhe discussions centered around 
coordi]nating arid strcngthening relationships 
hcrwcen donor agencies an ICRISAT to avoid 
duplication t !efflorts, 

*,4 neoranda of . ndlersianding 

AlthoughCRtl S AThas been collaborating with 
nmanV Asianu countries in the past. Memoranda 
of I ndcrstariding (MO s) were signed to facili-
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tate the miovelent of material and scien ists forcollaborative research actvities. During April. 
the Diretor General signed an I() ith the 
Ms, D)evelopiment and Reiniser for Agricultural 

Sell'Ci, Sri Launka: arid in )ecember, another 
with the Secrcta rv ot Agriculture. Itits Malcsty's
 

. 
(iovernlntit of Npal. Ihc M01 I'swith Indoie
sia and the Pcople's Republic of China ,acre 

revised, arid MTe CN pCcCrd to be si ened early iN 
1988. there already 's with Banglaare lh(e M 

dcsh. llrrtrtrl. ';i.istan, the Phililppincs, and
 

'Thaiid. Dhuring the y'ear initial contacts were
 
established \,ith Atghanistar, till)eDmocratic
 
People's Republic of' Korei, and Vietnam. 

Work Plans 

Meetings were held in Bangladesh, Burma, Nepal, 

and Sri Lanka to develop detailed yearly Work 
Plas bearing in mind con-traints to yield, and 
research needs inreach cnrtry,and their capa
bilitics. Requirenents for training arid special 
research pro,loets have also been identiit,'d. The 
Asian I)eveloptent 1Bank (AI)B) ha:, agreed to 
providC financial suppott to these four soutth 
,,\siant countries to ctlahlc tire imaplenentation of 
their \Vork Plans and each countrv has identi
fied coordinattor(s) who will liaise with AGI-N. 
A special Work Platn for Pakistan with emphasis 
oilpigclIpeCi, '111d tcrtaitive work plans for 
Indonesia. People's RImblic of China. tile Phi
lippines, ard Thailand have been developed. 

Other Activities 

ICRISAT scientists undertook crop surveys, 
monitored international and national trials, and 
participated itn gernptasm collection as part of 
agreed Work Plans. 
Two pigeonpea scientists monitored trials ill 

Burma, and field discussions on the potential 

of short-duratiot pigeonpeas itt the seni-arid 
regions of [u rnia. Tentative plans were Made to 
cornduct large-scale demonstration tests next 
season. 

AG [N staffattended tile review and planning 
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meetings of ACIAR on pigeonpea and ground-
nut in Indonesia and Thailand to developjoint 
programs on these crops. Some of these activi
ties are supported by funds from ADAB and 
ACIAR. 

The first issue: of an AGLN Cooperators 
Report was distributed, it covers the activities of 
the AGLN since its inception and summarizes 
the Work Plans developed for each country. The 
report also gives details of trials available from 
ICRISAT; and a list of future workshops and 
meetings to be organized by ICRISAT. 

AGLN is supporting the posting of a'chickpea 
breeder in Nepal for one year to help the Grain 
Legume Improvement Program (GLIP). He will 
assist GLIP in research on chickpea and pigeon-
pea improvement.

As a part of exchange of visits, two scientists 
each from Sri Lanka and Nepal and one from 
Bangladesh visited ICRISAT to become ac
quainted with ongoing research and to discuss 
collaborative research with the concerned 
ICRISAT scientists. 

AGLN was also involved in various work-
shops and meetings. These are dealt with under 
'Workshops, Conferences, and Seminars'below. 

National and Internatioial Trials 

As in previous years, we offered the Pigeonpea 
Observation Nursery (PON) and adaptation 
yield trials to cooperators in Asia, Africa, and 
the Americas. We also supplied seed material in 

• response to specific requests. The results are 
summarized in Table 24. 

We supplied perennial pigeonpea seed for test-
ing in the shifting-cultivation systems of the 
northeast hilly regions 01fndia. This cooperative 
program with AICPIP was initiated in early
1987. Our agronomists and breeders initiated a 
cooperative program with Andhra Pradesh Agri-
cultural University (APAU) (India), to develop 
production systems incorporating pigeonpea in 
rice fallows in the coastal areas.• 

Regional adaptation trials of short-duration 
pigeonpea in eastern Africa were initiated with 
cooperators in Kenya, Malawi, and Tanzania at 

locations near the equator ranging in altitude
 
from 50 m to nearly 2000 In.
 

A1har Regional Trial (ART)._..in._1986,.the 

Arhar Regional Trial was conducted at seven
 
Vertisol and four Alfisol locations in Andhra
 
Pradesh, Karnataka, and Maharashtra states in
 
India. On tile basis of mean performance at three
 
locations with CV (%)up to 20; ICPL 270 had
 
the highest mean yield in 1986 compared with all
 
the controls. On the basis of the mean of two
 
Alfisol locations also with CV (%)up to 20,
 
ICPL 270 was the highest-yielding entry. This
 
line has been tested for4 years in this trial and it
 
consistently outyielded the control varieties
 
(Table 25). This line is now in the 2nd year of'
 
on-farm/adaptive trials in the states of Andhra
 
Pradesh and Karnataka and is likely to be
 
released as a variety.
 

Introducing Pigeonpea into Rice Fallows 

In 1986/87, ICRISATbreeders and agronomists 
began collaborative studies with Andhra Pra
desh Agricultural University, on screening pi
geonpea genotypes for suitability to rice fallows 
of the Krishna Delta region of coastal Andhra 
Pradesh. Normally, these rice fallows are sown 
to black gram (Vigna mungo) and farmers can 
achieve good yields, of the order of 2 t ha-', with 
this pulse crop. Our aim is to introduce pigeon
pea as a mixture with black gram and obtain a 
pigeonpea harvest in addition to that of the 
black gram. The growth patterns of these two 
crops are such. that they should not seriously 
compete with each other.. 

Fifty genotypes ranging from short- to long
duration were compared, as sole stands and as 
intercrops with black gram at the normal sowing 
time (17 Nov 1986). and as a sole crop at a later 
sowing time (25 Nov 1986). Despite an unusually 
dry growing season as well as heavy Heliothis 
armigera infestation (even with insecticide 
application), genotypes that matured at an opti
mum time (in cearly March, soon after the harvest 
of black gram) were identified, and showed 
promising yield potential (0.8-1.0 t ha-' 2-row 
plots). These included the short-duration lines; 



Table 24. Performance of sorne ; : " :,; :i;,n-Eutioval trials, 1985-1987. 

(' ntr\ 
Iwal UI )atc ,',', hluI\ 

i1C it) 
IlamIIlIIw\ (d) 

Yield 
tha 1) 

111al miea 
(cntruc,) S[ V ((,) 

Nladam 

NIa1 2S Nnt 1986 1(A)'1
RCIPI 

2(,,;
87 

103
91) 

1.30
1.15 

1.07 (0) W0.10 14 

(hitala 17 Dec 1986 RA'. 

ICOI. 
87 

146 

10x 

107 
2.22 
1.92 

1.52 (5) ±0.23 21 

IhoIgi 6 Feb 19,' ('I. 87 
ICPI. 140 

i1 
116 

2.08 
2.07 

1.75 (6) ±0.17 17 

(ic 11,cto~n25 Nov 1986 1CI'. 8700t, 
1(7P. K7002 

100 

I00 
1.54 
1.26 

0.99 (10) ±0.24 43 

Vcra CIrII 17 Jul 1985 ICII. 365 
ICTI7035 
1lC11. 8 7 

-' 4.40 
3.57 
2.94 

2.42 (24) ±0.33 19 

1haili Jml 

Khon Kacn II Aug 1986 I'!'!. 8324 
(il. 85033 

111 
III 

2.02 
2.08 

1.57 (18) ±0.09 12 

lafiphra 5 Aug 1986 1I'P. 
(I. 

8324 
85033 

109 
110 

2.14 
1.62 

1.27 (18) ±0.09 13 

Ihl hi lippincs 
Ia !tc Oct 1986 IC I. 87 

lill. 151 
IC1I. 8324 

120 
109 
120 

3.70 
3.70 
3.60 

3.0 (10) - 18 

Ilhcos Norte Oct 1986 ICP. 85016 
ICIII. 151 
II. 85014 

109 
106 
104 

3.70 
3.30 
3.30 

2.8 (16) 10 

Banglade.sh 
lWhurdi 29 Sep 1985 ('ll. 6 

I'. 87 
WIT'.4 

179) 

178 
180 

2.86 
2.83 
2.80 

1.9 (20) ±0.25 21 

Pabna 6 Oct 1985 l('l. 
1('t1 292 

I. 186 
ICI1I 87 

189 

187 

187 
188 

1.78 
1.72 
1.70 
1.52 

1.0 (20) ±0.10 17 

- l)ata not ;a.,iible. 
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'FTable 25. NMIean performance of I('P1. 270 in Arhar I egional Trial (ART) grown at Vertisol locAtions 
in India, during rainy seasons 1983-1986. 

lll (ISA I( rlii 

I title I' I 1i11C11) 

ltv (d) a ,>>(L) 

ICPI 27) 111 167 II.0 

(',++'itt-'Is
 

Bl )N 105 161 9.9 
C II 121 179 10.3 
1kG 3)) 126 177 7.0 
l(., 4 89 145 10.6 

1. 1I-gircs ill parentheses denote number ofhoctiti,,% lilt (V 

I('I. 87. 151, 83006. 84052. and ,".504, tI the 
m,'diun-d)iration lines: I('1 26S,. 27(. and 
8,1060 . In th 19,',7 ,N ,cipon. epili ien ii.' 

C L0 iiy!l)u I c itIPdIC Clid>, I li oiiiI fill , p 
i'oltf oI (i ]Isin i c ,Ir![I-, , 1 1\11 c lt(i>,) 

>,1 it1 11 Ir.C)(11 

Ou-flarm \dlaji:ulii I rials for Short-duratiol 

IiguioiptIJl( 


I)w Ip!,I' i j ,. I i7,, NrA,. ICI S.;.,\ I 'fi',C.d-
tir>.. I+ i<lll Hii '.. mill) Collahmitrmtli-'CIioii)i 

llm't 1 i'>ill co )c Clc' i)lladl)titlol trialI, ,.;l 
Iili>- itilt I dl'Ittlii p)O+l' mpri . s I('1'l.871,I8nMdti mll 

I ll I .I, LM iI ,ltt I' '.ll Ih i .l '\Ilithi\ 
IP;tidlLI atild NIiAI;IMhtt Ihr hr.- dri ild 

,!iOlI' iii)Ii>,1 \,.'I ilOt'Ictf' t ',il liJd tillw l 

p itlo,', i iklC,. I;t, [11 ikiiCL-> ti Ilr'WY2 m

t_\fir,. ,Cp:,t:ltll tic itti r'i >,ivu'
i]npk-hl):u,,t lt 

I('1'1 K' I hir nciu i', t >t \,i plim,u l,, ilkIMi-
stcd i! ,thii'klt\ h IC lilti (itli tioi I t \n'.Cti,0-

pin tCrIli 111it) i i pp+c, >,v'>-i,.,, OiltiIIoIial 
ternl , aill i1 C MliiptiMiMI-_tilk LT0't tiiic- I)l ihw 
.ifferCnt ,,,lt. litigated and rainllcd 0. I-ha 
plots rr.,Lc'riiwii indlilterero heldv ithiuta, i\-
lage. [ie larmlrers rarried unt all ilperatiin, 

)Yield (0 hil1 

198.3 1Q84 19,85 1986 Mcal 

1.724)1' 1.70(3) 1.71(2) I t2(31 1.68 

1.43(4) 1.51(3) 1.07(2) 1.45(31 1.36 
1.6.(4) 1.53(3) 1.30(2) !.50(3) 1.52 
1.82(4) !,82(3) 1.30(3) 1.65 

0.87(2) 1.19(3) 1.03 

tipto 2w i ilti- icti. 

thmsriscs, wsith uuid[ir Ioi lt RISAI stall., 
It %\>:It" that the fartl idhadlu tilircultv 

' ,CxC, 11i11+ ill)>)t ol th p occdC ,-,,.ifi., hw 
lie i,'suiml hrm,. IIo,\kC\C. , th nitjn (ilflie.ultv 
vCl llc/ ai > i, n IIIttLpulii'CIIC rli.\ i ,, lC tila

rt I'ihI I d iitigh inIIIlil , , a, . thrt rile,'th of 
",htiit-(Iuiat l~ipigtcolp,"i crlop a, asill lllo.tsitrs, 

,OiL tItt rX .rllrtnt.AN, Ai r.;iflphr, tilu fIst-fluSh 
vil IId I(l'1 ,87 tlii a linld al Kain,an l villite 
il \kokl D1)i,rirt, Vl~ili >',I1,i, 'Ail, 1.9 t ha: 

Adaptuion triulls vith Shot1-dIiidtjt pigeol 
pe: ,' re condu ted at higher latitudes ili USA 

]intSmith K irca. At 'roisser', ,Vashin tol State, 
I 'SA ((6- N ]atittlit-), rxtr-a-short duration cul

rll\it inl MaV 1987 p roduCCd Irt. grain 
ii v;l._ril hrle re the first lrost. (.ICl 83004, 

8501),),M24, mid 86010 werecl;osrn for further 
Ir iin. ili (hr ('0ilum bhia hasiri o1 01,t S ttC. Inl 
S.,in] cand.I ('alihirnia (37' N latitude), pigeon

,.,;sowtn onIpr iu > 20)April. anod 9).17. and 27 May 

il 1986. Varietie. 1('1. 151 and I('lWI. 312 pro
dhIerd ,,x'r 21 ht (1Yi dr aM1 yield and matured 
int 12) 130 day>. Inl StlWan. SouthL Korea (37'N
latitude), I('ITI 179 prtodUced 2.1 t haI and 
I('II. 4 prlrotced .( i ha I when sown on 
10II May 1980 at -) - 10 ein spacing. Tlley 
matured in 115 days. 

http:I('1'l.87
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orlslolps, Conferences, temba 1987 at Khon Kacn. '],haland and, 7-0September 1987 at N'llang, Indonesia. Considan1d Seminars Cring the importance ot other Icglm;s in both 
countries, itne hcan. soyhcan, and eowpeaPi(geml)..p Scicttist, \' l ,.'w.ereinlud(Id alhrill with runnum and pi-
Coupilci. ,CIAR selnt a prC.Shonll pest n-

Nt l\ , l L, c'icilt. M cct,. ;lr :ld . ISAI ctlitoill ,itopft conductI( an toi 
c%I\ ';I[ i1 ! iIWteilt'l ",''IlIltI t_'o\ h iCiI t'te the %%G k ll[op with hl]p hl local Clil lltto i in ologists. 
l , i . i (,,ele'ctti[,lt!iiid L\ Liiii int. IlIii ,ic.'co nt\' piitrit'ici)pilits diseiit :d vart-

N, I )i ,i' I I h c! 1 QIIt, ii S L ', ti c t Ii lio:IcIi ti It I ' It[ Itl2 i tii tl( ps lI tIII c gui ng: d ,d 
,ol n'i, , t111 i i lli!'ll Sd tiu :htI,.I ill OhI, ', Iet t'lladryie ,, llt 

.t ' th I HIP, 10 I h. h ( I Ic ) h\iltmaoI.,. ih. .tcle iti ntt 'tilepa Skrved 
i, lii i t! 'IIlI ,.pIi Ckndl; tie ]1il _'>, 'lcImi irIpieque'-,slltedllt itt.-, 

,t* ic I, 1. , Il to , I olil i C d'"', l,,'iiil j Ilt ilo',-+kilt c.,ititllICC, cit11,.' -' tl. Mnd inte r[i tcd n lliillt I I -,,dd,+.'11)( t(c, Ill , ttilh++f,"" lxlt, ~i:.Il,l+I t,.I Ile.pat,titip; W.t ak-ed\,Lvru 
V IIcLv.Itl ' I 'I, , o f tile t(to T heyl 1i'', 1t (11,i 11,1" fo I!I),),+ 'lli. lo) e\;i t~l. tilt t ll llnc:, tll.,;C. 

1 11'1 , t , [,u I hw+l~ .l, +I( \SA all ap',c uI andP I P ulpic Iall I'tii( crh \,I'I'lil;m\1 l ", I';;. 1 at+; Iti m\ l hltil
m al~tionI fitc'l'tutlt. tillp sICn U lc I pI;III'lli la e l -Ii 

/'Iihl u ut. i1... l !' L",','; (AiplcthXtt.III,tI,ill(11 , ,Ik 111 L I11.1 
oilidtp I (I IIltl . p f !l fli o, idiloi - Ii Ihc\ lc 

,111,L\ .j "I~ll i I(R t-c~ ich ( 'c'nlc',ll Iii 


lillli . ~:.d< p ; itc' tll;l X~ xi i-m'"\,N. 


Publications 
H-lybrid ijge(o)ii),:i Traiiiii ('ourse, 

Institute Publications
'\\'m !Ifa"lnil ;tm L p[+l;tli~t)ilct thc Illl-n+\ci tl lmln 

htid pIitiilpc';I tltlilni ! 15( )tohcr 1987at l hnt Nlat, rial Description 
(R IS:\1 (clici to) itc Irlictical Iralinill iLM
 

\~< ~ 't 1i1 1 ( ~ i! c u l p wdt'c i oin Ic c ih- IS A I nl i i ti m i ( , I.
 h I nl l tu t 

I I 0 , o 1L' -\ ,.I! t ll., h o 11h n d , , cm ip c a 


~ w ed~l l[w U(Rl l ) .; ,c s t i e lt. 
h C O ' C'\%.1 .Ai t l o -\nlc t , .I 1i l l tk- o: "C 'i -A\li[ I l ( p c .I tO 7. ] i i d el-s t e ri l e 

i p a lli fro mi l ld ila 1 i t i <; l nid I tIH ! I lc X 1 I , t itt s i- inno . 10 .l ; i i-. -lo i C,Nt he ' 'I ( T I . l Nhli c l ia l I l c il i .

Ild limt ( mlulcili t , : iit c R C 1,C h , tl ec P A;ItM h . A .IP50 ' It1d 4 p p .
lt i ld irlC O Wc . 124 , i;:ICR IS A I. 

.V itioia~l "ccud"('I 1)11%r IPI\ 9.) 0w),I7 - (I'MI!. 010~)l oltlriiolli;llid 11ndimii i lett 


sCCd i lllal/,itiiliio.. At tile end of,tile Coil ,C\wC 
develo ed fii olltline of 'icooperati\e network to 
p~rodtnee' and- eva:lhlate experimecntal hybirids, ofpl~lorul ndIo a-ur~it [-)igcn! ci,;. of \\"hrldsWorkshop anrid Symiposia P>roceedings.shortI- anid 101dlon-iirt ion pliconpas. 

INV I thit lti~lllfil ( RC,,I(' I, r Ie ehI tituifitc fltr 
emi-AridA thc I nile,). 19S7. ('(oriiiitioii utIIerailtAAR/A(,IN W orlishoipoj n legume> rcs ll illillllpl c'ed iln t liel iA \ etl 

Management of Legume Pests RC\ifidPtii nI.etilr .\'iila,hM Regional 
IR'cstilrch ()If (IlilnII c.'I U'ltiim (( liidn illifl, C htickpea, 

A Workshop illthe Management of' Legum iylip;i), I )c'cand t 16- IS 19S . I'(RISA I (entcr, 
Pests was co spinsiired bv ACIAR and AGILN. InLi. [Iiictiui, \.T. 02 .124,India: Iv RISAI. 96 
1h workshop w as held 31 AuguLtst to 3 Sep- pp. I.SIN 92-9166- t20-8. (CI 040) 
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GROUNDNUT
 
The importance of groundnut a's a food and oil Was found in more than 10 genotypes, including 
cip, and as a cash sourCe in the apr'ivii sucto those with resistance It rust and late leaf spot. 
of the seilli-:aiid tIopic.s I is l, ".llt\\ 1 R'sistance)SA] \aelil to early leaf SpOt and gftindnlult 
,t, the ilbpliljial i uid t,,.lti cs. l>l(d pI tntl d- ii se 1e 'viru'- if) a wild .1iachi.,sp was also col
lit ill this cilliatic /o ,ii. I( l1 INA 11 attenipts at him d ill M alawi. lihis is alt incentive to screen 
itiptio ing this, ,ittitln ili te. 'A I ;ti i!lus- itroicvildsple acind tottransfcr, thcirheneficial 
t,,ud b th . aic itiite dfitin 1)97. rClws to the Culti ated Iioliidtiut in a bid to 

Ihr dil crwtun ill the prodtlocti\ it,, () tlds at cotilllt 'ciat I ies,. iiitl;aelthic dis ,asesthat are of 
Ic, ;t'if,h titioll anid IariircrsI ilel t, ] well \vidclSpiad iltpOtalICC. 
ktnlon\\ i I , ' t i'vm ta,ur Ilh I xptiisu , ()tt- lieI trlph.isi:, i tue ilreediri.,y programil is 
I ; 1If 1 ti it 'I s1et% it I ( ()I-l I "'N), cha ngi ng. We sihall coultlcctaltlrte tof developing 

. I it t tit-ic Ionw otl1 thue tctIllolotLs cultiatfs thit :iii atdaptcdliof viihi stahility in 
.,xd :it I( P ., t li ltt 'cr"l .l-, lis. i a g ciue iivii itln lnits. lihis inoivcs Collaborating 
rrtt\ltlt rI(itl ' , tit i;ioci i eJ,, out it iltlliu{ a'ttiocliln al olo it to de.line thnst tlvilorl
t lltti "t ,Ii tilr (l ' ',<I 11.t ti i It Iilfti. its. 'Ih tl ibbiotic cutlilt mIl hiotic aind strints
Pc-,) tn d ,"1tn lo hlc" l '' l,t d wlt clopshill of lhe Pct , lphio-al /olutil hey1." F pruscnit w.,ill 

Xi(i lll 
v:.t] l, p" ill Itil ii .i k i I h Itilard tcn lcftd I I he ,ttti ndnlUt f I irail ill \ ,'est AIt ctgainecd 
Iloi utttt, ) tr" ae),rIts, a i ll eitheis ltturitti iii 19)7 with the iippolmitt llt ofi a 
it I( iP > I tliI to c',ir( , iil,"nitition onii plant hicCdier rd a pIthotlo ist. Artc aluation 
il altI tIl ;'i lk-%iatilrilir. 

\,llthid'iItt i t'tl.. SIC.ial th.'i he t iCnsitiClecl. 

tueS of prt! fenstito fite facing gloitinl)itt growers hIs 
A L,111\ Ii ii '-i uri ci it i( a ptli\ (i pOilt itdto (.][i()li ttt fi tlitiuiisCa:scs, IrtIIr drnlt 

IocIc ilr't ;ri\ Ic .c l ilt ttc1 luop oII ltttl"Ii ll r tSCtte, peal) Llt-Cltlill), alflaltOXill C{tltt illillaitlot, 
II,- ';rtIlt lt i t fop III I i ant evealcithlt iiidl soil pests I rfIililpcdcs, ncitiatti,.es, and terImIites). 
tic\, 15",l erir I)ehitiiti, ciltiti;ull is lh adtttatitll of varieties, ,.tippil! systems, arid 
lirt "It) illi thIltim flte ctomplex oif Cdaphic factors that call Clause 

loto ' k.uil \(.;iw , !iol ltl I'Uttt'aIcils in II rVCII Crop gntVth as ICilig Of1prtne inIpor
ui}tl ti iA t a oi COiteernied a+btit a taice. (OIr iestirclt ]}lotgrait it 'st Africa hasha,.t, 

dise,'a,. \.,hich llholll, hocahicul in disitihii- Iben otriented to countteracting these factors ly 
in ;arid titallk pr it at l(w incidclicte, causes liatsional research backed ho, tie evaluattior of 
otll 71p ; \ it ias','- i a Iie rla tI aisis) hi dciditv mitateriaftl 1 o I R IS,AI ('enter and 

I eidtil a lower mtd kllut 1ctresertch tire1 t111) ill I('RISAl Recitnal (riundnit Improve
te X7,i+utca iIio.,lcd that t ic diseasc, , ttltu In'tirogra lIti Sutlihent Africa. 

Illl ptitiitltlt i'cCtlk.-is , di .a , is,
 
0, aliit ii iii tti(} , /i.i .u.ss
I th alp i . ,JIIJS /pt , a l i 

C;rIscu. hei ,IrrIII,,ict SI tlmoelt,I\i II,,.. Physical Stresses 
tit n,ed to ie. hl , list uirsse. a dolitct- Genotylpe ,d i)rot~ght Interaction 
e"is:tlr tl[ isa' wt-ll tlre terrC fi o l Iepi/'eS 

eutcd h, i li ctlltivatc.f oviorl iltil .. itt1's lTo iitidCtsNtttic tt(e iasis lut the differential 
h.u ,i ,e, antul , Id,ei,1 ,. s,p cies. I he %Cat Iitis ,._of geniotypes tii water deficit, we sub
1,87 \as spcia',al t tR IS . I ( ritet htctuse tir jccteiud itsulected genotypes to drinught itt a fihl 
iltlCslatio pItretril ,I lir lseass sas,, .u1 eh water 130)cxpriricirl by withholdtng from 9(0 
that \\c e\Clc to tii dV aftCraile.L -,'IctI IMi tesiStariC all, .vs soxitng (I)AS). We ineasurcd soil 
leal spiot t ). RCsistacllC ,katcr conttcrnt with a neutron probe at weekly(Ueupil'.i, ,;i.r]ldici 

http:ncitiatti,.es
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intervals at a series of stations down the soil 
profile to a depth of 105 cm. ((GV 86707 (a 
drought-,oicrant gcnotype) extracted water from 
the soI profile: soonl and lower thall the 
dlrought-stisceptihc gtnotype l('( i 2710. We 
ineio,urtd lcaf photosyhiicsis and transpiratiol 
ratcs ionf1ur other Mites it ccand 1ouid li 
allotint of( vaiatiom if allspirilioll rate~s. Foil 
cxaiiplc, l( '(iV 86707 had ,i highr iranspira-
tioii Iate than 1( '(1 27 1( for iiost of' thetdrought 
pe1riod. We aSO o)und sirnili'arit differencees 
hetwcern ge not~pcs for lea1f photosyilthcsis per 
unit of transpiation. 

Root Respiration 

A.,kiiovlcdc of the arid functionsantre of 
thC WtIt,,trii isI udai , Intilto Understand 
ind ini!pro't Ihcd Ifuii_,hl Itolerane ofgrouldlliit 

plant',t\. tss ieabout_thphvsiology of 
,lt :ill, their ;itssililoet lills anid its rela-

tiriibipI()t \;oar ipltakc utiltd. \ ariotis condi--
tiOlls0!It ' ,teit Ill lpaticular. ,.c hav et\' 
tl dCiiC, t l, 0 (df at nits hi ibis systel 

I hifrch , il collibo rtitll with the I)tutschc 
("'lfkcbhuft tl'r IcThiibCC /usaIttinit;rbti 
(Il ) and the i(disity of Bon, Federal 
epuhlic of ( ~ilic. o,, bca imi crtCih1otiSe 

csperlirittit, initially lo callc tw factors that 

infuctince the growth and respiration of root sys
tIos in groindntut genotype, whose response to 
drought is known. 

\Ve grew two grotnridmitl genotypcsdrough 1
tolerant I(iV 86707 and droight-susceptihle 
I((i 2716, in plastic pots containing sand, 
Ileatt:d ,'ticr \ itl rfdv ohiiunstrainN( 92 
Or SIirraolptirual concentrati ois of nitrogcn. The 
N treatentit was to supprcss the develpillent of 
nodues, so as to miniie/C the contrihu)tion they 
niiide to bt)Ow-groiund respiration. 'I hc Control 
treat inent had neither N nor-radrhilohiun. 
All pots wcrC supplied daily with a full-strength 

nutrient solution. )iurnal chanuges in(', level 
in the loot /lone vee nii iitorcd from 40 to 96 
I)AS at 30-tuin intervals usiig atn Infrared gas 
analyer. Rooi-,ollc teiipcrat tIres wer rCecorded 
tisiricUtCnrocouiplCS 1) Ciii hlos'W tht soil sir
kichloface. \\ burid lrfiotslip hctwcen rotl
/oue thtipCrattirC aid (), cvoliitlioil et\\ecil 
10 ,II( .hc t'wo getol "pCS had tile Samel Q,,, 
valus, the Iticari of which was 1.85. A Q, is the 
ch:n1c ill 1he rate of a thiogical process tilat 
occtlur, in Icspollse to a 10(' tIlpcrattlre challge. 

I)t-tailed crth ial\'sis 9 l) , s-howed that 

the roots of I((V 86707 crew faster than those 
ofof '(i 2716 under well-watered conditions 
(I able I), suggesting that the greater root 1Mss 
of the drought-tolerant gellotvpe was achieved 
bv glater partitioning of assimilates to roots. 

Fahlqe L RZoot growth and root respiration rates oif two groundnut genotypes grown in sand culture 
iltli a complete nutrinlt soltion, ICRISAT ('enter, 1986. 

Root respiration rate 
Root gloso1h rateh 

.. Specilic (Ing U( (tlug C) 
I)tV lmassl I tlr h to' ! Iliss llt loot I II loot 

( till Ji 'Iratlluleni (rug d 1) ll d I) (Ing tl I) of ) o ) 

I((i\' 8070 t-N 122.0 t 7f 11) 17.3 P) I.k 0.79) 5.9 I. 
4Iot otlght-tolerart) 

I NC 92 57.5 10l 1.%0 0 I(1) N. .1 9.32 I.10 9.6 - 4.2 
Control -4-1.5 I1.1 I,6l 0.46 22.9) 4.1 t,_1 1014 8.5 ± 410 

ICG 2710 N 84.0 11.2 5.72 0)75 14.5 -0.9 0.34 ti.07 5,1 - 1.0 
( I )rought-Sisceptibl)
 

IN ' Q2 34.8 9.1 .1.05 0.39 12.4 1.9 0.91 -0.3 10.4 ± 2A
 
('oitro .2.5 9).8 1.58 - 0.60 14.1 t 2.3 0.75 0 .34 11.6 ± 4.1
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This observation is consistent with the lower sensitivity to photoperiod), and IC('i 1712(pho
yield potential of drought-tolerant genotypes toperiod-sensitive). Front flowering these gcno
under well-watered conditions. ICGV 86707 types were subjected to two photopcriod treatgenerally had a higher specific root mass and illcnts, a short-day (8 I)and lon-day (4-hfnight
lower respiration rate per mg of root compared break) treatments, i.e., water deficits were created 
to IC(I 2716. within each photopcriod treatment during the 

pod-filling phase (82 131) I)AS, usinp. a line
source sprinkler tcehniq tie. The red tiction inipod

Photoperiod and )rought Interaction yield of, both genotypes was proporttonal to tile 
am(ount of water deficit. IHowever, the long-day,Jlst a"the extent of root development influiencs treatment reduced the pod iclds of the

dronthi toleraCC, pliotoperiod sensitivity iay photoperiod-sensitive genotype I('G 1712 more 
indirectlv inlutInce 2Cenotvpic sensitivity to at all water deficits than did the short-day treatdrought hy affectin g rt0) dCvClopmcnt. We coll- ment (Fig. I). The reponse ofTiM V 2to drought
ducid a fiel u.sri tin the 198 ,7post- was not affected by photopcriod (Fig. 2). flow
raili\ tsCeM t cxeximll I ot oper od and dronglit ever, the response of t,)fal dry matter (TI)M)
intcraction [l,,it1L en I %Ve twii _IcI vpeu: 2 (!ow (vegetative-I podls) of I('(; 1712 to water deficits 

lr day 16-h- Sht night) 6- E - Short day (I6-h night),A----------long di (4-lnight break) A long day (4-hl night break) 

(1 

-1. .5-


7 4

0-
 I -I I )o - iI I !4]41) 4S 56 (;4 72 SO 41 48 50 64 72 80 
Vat r d cticit I, \Water defi it(1 ) 

[]v 7.74(-±0.8)) 0.0007()±.000 l )x2 - E y= 7.57(±0.02) - 0.006(+0.001)x 
r -0.78**; rsc 1(,,92i r -(0.84"*; ise 0.4913 

.39(±).64) - ('(OO05( .1)001 )x Ay = 6.86(±0.60) -0.006(+0.0010)x 
r -0.73"*: rsc 0.5557 r =---0.8**; rsc 0().5191 

ligure I. Efftct of ploillrimo o loid '3 ha-i) Figure 2.iet (t : :ffect of lphot,)erioId 01) pod ieMi(1ha- )of g nr dm(irl !( (R 1712 af (ifferent iater dcfivils, of grout(Inil T.NI V 2 at difftrcut lo:tler deficits, I('I-I|(' " (1'n 19I)/87.(Values SAT ('enter, po traiinN season 1986/87. (Values in 
ISA etr. lposlralini w,:3iI 

in parentheses are SE%,). p:irenlheses are S:s). 

v 
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Short day (16-h night) 
.. long day (4-h night break) 

18 C 
A] 

106 El 

4+ -I 

-
I-


I)- A [ A _ 

S.
s 


06 

-4

i I 8) 
40 48 5( 64 T2 80 

Water deticit (1() 

v 22.,1(2.25 - 0.02(0.004)x 
r : -0.77*: rsc 1.926 

~v-22.5( 1.56) -0.(12(0.003)x 

-0 ". !). 1.339 

Fig,rc 3. Effet of p htipt rid III iolatdrt,matter 

(%cl'ati'%tv,pod) producedl 1) tNloundmlu I(;1712 
(t ha )at difflei lt,*:vtvrdelicit,, ( UISAF (enter, 
p l.:rain , a sn 19 ,'7.(Naiis in pare thes esarc 

w'ls not affected by photopcriod trealments 
(Fig. 3) suggesting that long days influence the 
distribution of a:,similates in plotoperiod-
sensitive genotypcs. 

Biotic Stresses 

Foliar iungal )ieases 

Screening fo'r resistance to early leaf spot ((7cr-
cospora arachidicola)has not previously been 
possible at ICR ISAT'Centel because of the 

dominance of late leaf'spot ( Phacoisariopsi'sper
sonata) and rust (Puccinia ar;chdis).In 1987, 
collaborative trials were planned with the I.Jni
versity of Agricult,,tal Sciences, Pantnagar, 
Uttar Pradesh, in northern India, ''here early 

leaf spot is Commonly severe. This initiative 
coincided with an lly attack ofunust .iu severe 
early leaf spot and only late and light attacks by 
rust and late leaf spot at ICR ISAT Center in the 
1987 rainy season. It was Iherel'ore possible for
 
the first time, to extensively screen germplasn

and breeding lines fr resistance to early leaf 

spot at I('R ISAT (_enter. 

Resistance Screening 

Early Leaf Spot ((Crco.ornarachidicola ). Of 
the 618 geriplasmn lines screened in 1987 for 

resistance to early leaf spot, 33 had satisfactory
resistance or tolerance and were retained for 
further tc,Jng. Similarly, 3 out of 641 breeding
 
Iines and 5out of 1665 intcrspecific hybrid deyiv

atives were retained for further testing. There
 
wats good agreement between the results from
 
lPantnagar and I('RIA] ('enter (Table 2).

Eight lines with multiple resistance to foliar dis

cases have now been identified (Table 3). This is
of particuhr significance to our program in
 
southern Africa w here early leaf spot is a m ajor
 

COnIstraint. 

Resistance Breeding 

Postrainy-season trials 1986/87. We evaluated 
several advanced foliar diseases-resistant selcc
tions during the postrainy season at 13havani
sagar and ICRISAT Center to evaluate their 
yield potential under different photoperiod and 
temperatuire regimes and low disease pressure. 
At lihavanisa ar, we tested 96 elite selections 
with rcistancc to rust and or late leaf spot for 
vicd, using the rust-resistant parent IC6 1697 
(N( Ac 17090.), an advanced rust-resistant 
breeding line, It(iV 87157, and two foliar 
diseases-susceptible Cultivars, .I1. 24 and ICGS 
II, as controls. ICGV 86590 significantly omt

http:22.,1(2.25
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Table 2. Reaction of groudnut gerniplasm and breeding lines to early lcaf spot during field screening,
ICRISAT ('enter and Pantnagar, rainy season 1987. 

Reaction to ciol IcaiIsot 
hntl ()rijgil nalnic I(RISA I (Cnitcl lalnagar 

I(( 17(3 N Ac 17127 4.7 -
I(: 2711 NC' 5 4.5 4.6 
1(',o284 NC Ac 1750(10 5.1) 
IC(i 6349 NU Ac 1121 3.6 5.0 
('(I6709 N C Ac 1()163 3.6 4.3
 
I('(I72) P1 262128 3.0 4.8
 
1 C( ' 7400 I1 262121 3.0 5.0
 

IC( 7631 204 66 4.8 4.8
 
W((i 7878 NC Ac IOXI IA 5.0 
IR(1 7892 P1 393527-BI 4.1 4.0
 
(Ci 99 (IS 4091 (1-lc' h) 5.0 4.5
 
1( (; 10(14( 1 476176 (SPZ 451) 
 5.0 -

It I( P1 476170
UQ84, 
 5.0 
(( (\ 09)0 
 5.0 5.0 

.iosccptihc controls
 
I('(1799 Kadiri 3 ( onhut 33-1) 7.0
 
((;C 221 IM 1 2 8.0 

( :-+0.4; ±0.98 

'V(, ) 
 7.0 17.3 

. ichl di,cas, cord on a 1 ,c)ilc, %hcre, I - Fnodlsai~c, aod ) - 10(I ;j toliigc dctuol~cd. 
2. SI and ( ' )c tlcmhltcd on ba tl all g'nt.\tpc, (itth,: oi tc,,tcd 65). 

yielded all the four controls and produced 27., ICGS 11 (ICCV 87123) and .11, 24. Four selechigher pod yield than the best control, ICG 1697 tions gave signihiantly higher p0d yields than 
(N('Ac 17090). the best control cultivar, ICGS I1.The top yield-

At ICR1 SAT Center. the same trial was con- ing selection yielded 5.97 1pods ha-I compared
ducted in Alfisol and Vertisol fields. In general, to the 4.99 t ha of I(GS II. 
the \iclds were higher inAl isols, the hcst entry.
IC((\' 87357. giving a pod yicd of 5.64 t ha '. Rainy-season trials 198]7. Seventy-seven elite, 
tHivc -'cCtio(ns signilicant l outyiclded the host 77 advanced, and 60 preliminary foliar diseases
conti IIC( IS II. which produced a pod %ieldol resistant selections werc yield tested at ICRI
4.71 tha I (I ahc 4). fithe Vert isols, eight rcsis- SAT ('enter in three separate trials using one 
(ant selection1s gavc sinnilicatntlv higIer Viclds resistant brecding line, IC(;(FI)RS)4 and three 
than tile hest control, IC iS I1. susceptible varieties, Kadiri 3 (Pobut 32-1), .11,

We also conducted a preliminary yield trial at 24, and IC.S 44-1 as controls. RuIst and late leaf 
ICRIS AT Center comprised of 141 resistant spot were present at low lcxels i.. 1987 but early
selections, one advanced resistant breeding line, leaf spot was severe. Several resistant selections 
ICGV 87157, and two susceptible cultivars, significantly outyiclded the most productive sus
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TabIle 3. Ieac I ion of oteIC grotiI(Inut gtermplasinIties %i h resistalcc to earli ((ercosporuarachidic
ola) and hle leaf s jl (I'Iaeoi riolmis pwrsonutta) ,an1d rust (Ptuccinia irachidis), I ( iRII (enter, 
rain season 1987. 

I )led.' ,wt' nJt'inl 

IFall.%Ic I ;tc Icat 
I Tm ()riginal (laic Spot Vpol Rust 

R(I 17W. NC A c 1712 7 .7 5.(0 4.7
 
t'( 10281 NC, Ac 175O) 5 0 7.0 3.3
 
1 (1; 714o 198 ( ,11 I,2 5.7 5.1 2.7 
I( i 9294. 58-295 5.1 6. 2.7 

I( (10 () PI 47,6143 5.7 5.1 4.1 
( (i ((1410 P 47( 170 (SP/ 451) 5.0 4.7 3.7
 

N'( i 10 ) PI1476)33 5.3 4.7 4.1
 
IC( 10940 I 470 170 5.0 6.0 4.1
 

Su ,ccpt ihIc coint rols
 
I( ( 791) Kadiri 3 (lR obut 33-1) 8.0 7.0 7.0
 
lt.(i 221 IMV 2 8.0 8.0 8.0
 
5lR2 ±0.48 !0.7 ±1.I 

Ir I Incai n 500) 6.9 6,.5 4.9 

(T 1; 7.0 II 22 

I. ;iCd (11 It ,.'6tIc, %.11cICI 1n ,h,,cscad ,) IO ( 1 ;(hoiaget d troiicd. Ien of three 1Ciic1itc., I pilot 2 4-n rito .
 
2 SI ,nd ( ' C inlatO ,Cj thC hIi', 6 III gmnu!pci, tCtLMt
 

b c 5)c.cti ndatccpt ihic cuItitar (I 5) n liw lisasc It the preliminary Yield trial (PYI ). 210 resis
prssliir.c tant ,clcction, sipnilicant ' otvt\iclded the best 

'Iw elit,. lincs trial \, as conducted at IC.? I- control. .11. 24. '1he bc,,l etry. I('(IV 8 78 (6X 
S,\I (enter, lhavanisagtar, and )hai wad. 'Ihc ShoMCl 52(1 pod yield snpcriurit\ over .11. 24. 
rcsistant selections swlica lv outyicldcd the 
hest control at I(. RISAI Ucitr and ,havani
sacawr CI able 5). At ICRISAV Centter, 22 elite 
1ci(stattt ,Cluctiis had signilicantly higher pod Soilborne Fungal Diseases 
yiclds than the best control. 11. 24. The top
yichlint! cntrv, I(GV 872.7 gave 73/ greater The Aflatoxin Problem 
pod .wicld than .11. 24 and wi toleratnt to the 
Erott(lntnLt lcal miner. At l1havanisagar, lotir In the 19)87 rainy scason, rainled trials were car
rscistant ,elections, sietnilicattly ((oItyicldcd tlhe ied out on Alfisols and Vertisols at ICRISAT 
hbst control, .11. 24. The bcst entry, IC(iV 87229 Center, on Al'isols at Attantapur, and on Verti
yielded 3.75 t pods ha t 75( more than .11.24. sols at Parhltani atd I)harwad. The A. lhlas-

In the advancCd yiCld tria tAY I )t ICRISA'I resistant genotypes (Ali 7223, ,I II, UF 71513, 
('elter, 12 rcsistanlt selecttons had significantly and I337394F) had signilicantly lo\vcr levels of 
higher pod vields than the best '2ontrol, .11. 24. A. flavus ineection and allatoxin B3contarnina
Th'lie best was IC(]V 87287 whicii gavc a 520i tion of seeds than the susceptible gcnotypes 
higher yield than .11. 24. MV 2, .JIL 24, NC Ac 17090, and 1C 76446(292)) 
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Talble 5. I'erformaniceof some rust (Puccinia arachidis)and Iatc leafspot (P/laeoi.sariop.vivl)ei,'rsotua )restankit groundnut line,, aMtwo locations, rain season 1987. 

Ililc. ( HIS xII ( 
1 -,\-27" 
I ( .66 
S(A S(,(, 
( \ ,,69 

llcr' 

odIl \ ich)d 

(I Ila. ) 

2.11 
205 
2.05 
2.00 

Shelling 

C. 

63 
62 
68 
61 

IO0-sccd 

Imass (g) 

27.0 
33.5 
32.7 
32.2 

II 

-;I 

I I IIICl11aISI I'nt iL-S) 

1.22 

±0.10 
1.25 

69 38.6 

(A C, 1 13 
I Int'ri () ' RI 

F'liltv, |iha',allisagar l 

( (, .7'22' 
S ,\ I2S. 

1(A, ,-2.1 

) 'i 113 

3.75 
3.61 
3.55 

68 
71 
71 

33.3 
36.8 
25.7 

2.77 69 34.5 

±0.24 
I I'l mean (NI l cr e) 2.77 
('\ , 1 16 
I IIIfl IC, n ct RI I) 1 
\d ,.'mce II, S Al',. I (enlt, r 

f( (,\ :, 2?':2.28 
IU(, A 
I \ , 

O((\ ,'2s 

110 

-22.19 
2.15 
2.14 

68 
67 
71 
68 

31.0 
27.9 
31.4 
30.0 

11 24 1.50 63 33.1 

I il nIcan ISI cntrics) 
±0.09 

1.33 
(A C,) 
1 RI C li c M CI RL'111)(U 

13 
115 

J'reliminar.,,, 1(R
1 (i s7ss 
1((A X7815 
1((i 7s .7 
1('()% S 7-?-() 
(nlit io 
.11 24 

SI 

IS..V1 ('enter' 
2.19 
2413 
2.08 
2.08 

1.44 

±0.11 

65 
59 
62 
68 

66 

30.1 
32.2 
32.0 
33.4 

32.2 

Srial miI (64 entries) 1.64 
('V ((I) 13 

EIiiccnc, oNCi R131) ("i 
9 - 9 trple lttice, plt i/c 13.5 ni-. 2. 9 

98 
10 triple lattice, PIhl S'i/e 6.0 : 

2 
. 3. 8 8 triple lattice, plot site 6.0 iW. 
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Table 4. Performance of some rust (Puccinia 
aracliidi.)and/or late leaf sJ)ol (Johaeoiariops'is 
Ier.onttta) resistafit grotindiut lines oiiAlfisols 
and \'trtisolY. l( RISA. (enter, i)oslrain , sea-
smi 1986/87. 

l. i hNJnt( 


lit. A.fiu..
('(\ 54 


I('(\ 510,)> 5.48 
P (1A shh'S4 5.38
 
I((\ 5(,o) 5.37 


(mI(€ .t,(, 5.36 

((,S I 1. 4.71 

iimlCA1 (10) 4.trie,) 

%(',) 8 


I Illccr:', 0% RIll) 7 130 


Flite \ ctoll
 

IP(\ (,;S 5.21 
*(,\ ~St:5 4.75
 

Ii (\ 5,(,12 4.75 

B( h'7 4.69 

l( (4. 59ou72
I( I\ 4.56A co,3,

((\ Stiii 4.51 

IC I\- ,1,,0 4.402 

1(GS I1 3.67 

SI ±0.25 
S(il IIIcall eu100 3.58tries) 


(V (0) 12 


Ft I mics' o\crO'% 1,Itt) IR 103
 

lurelimilwar) A,\fisol 

I((i\' s7 2 5.97 

((V\ 5;7i 5.87 

('(;S I: 4.99 

;I. 0.29 

Ifit nicn 144I entries) 4.701 

(x c. .)1.1H) 

Iltili o\ lcRill)( 107 

..........-........ 


111tplcI,ncc. 1h(I 1,c (1,)Il 

2 I i cl'ding itl -ind tai Il i p01-stuwccpihccont o1. 


in all trials. Lcvels of A. at,'us infection and 
aflatoxin contamination were significantly higher 
illsccd!, fron Allfisol ficids than in seeds from 
Vertiol fields ('able 6). 

lhcrc wetc significant interactions between 
,tsoiltypes and gcniotyps, especially A. I/lavus-
SliSCCpible gCnotypCs, for .seed inflclion by 

A. lPavas and such otlici luigi as A.pvrgillus 
nli arop mita,phia.'..oi'n and Penicil
hum spp. 

Breeding for .1. flaTuv., resistance. \Ve analyzed 
the inuhIti car-mnltilocational data on pod yield 

and in vitro seed coloini/atlion by- .. fpl,ISM 

1ii tits ( IVS('AI) collected rom a set ofadvanccd-generation breeding lines atd resis

lantanld suscptible controls to compare the 
stability of resistance to IVSUAI[ between the 
breeding lines and the sources of resistance. We 

I.ICGV 86168 6. .1 II
 
2. IC((;V 86169 7. 1I 71513-I 
3. ICGV 86171 8. .J1. 24
 

2.0 4. I('(;V 80174 9. Kadiri 3
 
5. IC(;V 86177 (Robut 33-1) 

. 1.6

1.2- 0 
8
 

7 ().8
"
 

,.1IZ,
 

9
 

) I1 I I I I
 

8 12 16 20 24 28 32 36 40 44
 

Meai Ced colorli/aliOri ((i) 

Figure 4. Stalbilil, of seed coat resistance illnine 
groundnut aritiecs to in vitro swed colonization 1)% 

Il ocaionial,..pergillin /f waf ill iiulli I als it Sevel 
hlidial locations. raii) seasoni 1986. 
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Ta ble 6. Siid infection b .1 Vergillu.flavusi and aflatxin contamination in groundnuit genotypes 
grown in different soils, at various Indian locations, rainm season 1987. 

held I u i''d2 apI (R ISA ( 'eI I Mai wadI \ I l. llt \I< c 'llhlalali 

(ie oIv'f . j ,tI 2!1h 	 1I 2nd' 
( I3700 0.91 1.1 0I 0t,5 1 01. 0.00). 


().) (.()) (0 .0.0)) 0.0 (0.0)(( 11321, 1.0) IA (1 7 0 0,00.1 0O.0I.0) 	 0.1 


(0.5) ((,).()) jO ()) 10,0 (. ) (.)1 (0.0).) 


!((i 7633 1 0 I.) 0I.') 0.7 0. 1 () 0.0 0.0 
(0.0) (0.0) (0J) (1.0) (01.) (o.() (0.0) (0O)
l(i 4749 1.2 1.2 1.4 WO(' WO, 0.0 0H0 0.1
 

(0.01 (1.2) (0,) (0.0) (0.0) (O.0) (0.0) (0,O) 

S 	 1 ) ±0.07 
(.46) 	 ( 0.00) 

I %IV 2 	 4.7 5.1 4.9 3.4 0.4 0.4 0.1 0.4
1.0) (o.0() (2.9) (0.5) (0.0) (0.) 0)(1.()) 

.11,24 	 11.9 (1.1 12.9 9.2 I.i 1.2 0.4 .)
(2.9) (8.7) (10.5) (0.0) (0.0) (0. ) .) (0.5) 

I((i 1697 	 17.2 12.4 14.6 9,9 1.2 1.5 0.5 1.2
 
(2.5) (3.5) (8.4) (I.0) (o.0) (0.0) (0.8) (0.0) 

I'( 	2716 21.4 14.5 17.2 10.6 1.5 1.7 0.6 I.I
 
12.2) (8.7! (13.4) (4.0) (00 1m.) .) (0.5)
 

S ± i.1± 0.19 
(±2.30) (-0.39) 

I. i+,sowne onl17 .June 1987 

2. 2nd ,m 11 oil2 ,1ul1987 
.3.Seeds 111cclcd1h\ .A.Ih u.s(s I 
-1.,,llatoxil l ,j m vn (,q! kL r)
5 :\L,, ly LtoIcLtl I call \aluks. 

studied the stability of resistance in these lines, to high and as stablc is that of the resistance source 
eval uate data collected from four environments lines. 
in the 1984 rainy season and seven in the 1986 
rainy season (Fig. 4). The regression coefficient Stem and Pod Rots 
[hi] for rcsistancc plotted against the mean per
centage secd coori//ation indicated that the During the 1986/87 postrainy season we 
selected breedino line, exhibited resistance as screened 450 genotypes for resistance to stern 
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;ln(I p0(d rots caused h .S',-1cIhun to/I.sii. In one 
trial with 225 hcdinu tines and intraspccilic 
hli td dlrjsiut,',s the iniuidcKCe (f "tall rot In 

flit t.I ip ,v t I tI 58'*- (dt11)ctIlL, ar i'tI tt aind of 
pod ~li 5 . lL i ctisai.t i t, tl 

K iI. Q'h,.,.:i,'.,. l .in t,,
m , h 

V%.l \ IS iut 'L ,i' I lll hitlh inILdinCi ',S A 
llo ilh .,Icinl l " ; ). ;tril ,( ( , , IhL)t (40 -6.-1,+ ' 

ll iu; lih tt il, ttllilicatiolrt ' i O 
i 

Sii tandl i tlll lt it ' it itt (d '[(Il'ittll 

,tll! l i 0 t 	 i tItA Iil', inticislp c ilic 
' ,it\ l t ,li mi h Cs, hadi ,iIl-\t l lIiil 


' 
ttltl I, IL l., I( 'Ji i ( it, ) t! ;d1 1od 

1(~ l ( ';) ( ijilplct 1,' .,(/' jl i l liiandti 
")01 tit i II li lt" ,l,<coplctihl, critri 

I ItIs" sill lc' hti h tt -l,itkl itl I 9N7 ,8 lst-

ills -cci l I,) cir lilil tilcir eListaimcc. 

Neminatode I )ses.,ii 

Siri %. I e iun n iaill l cs /illttIto i'iciis sp 

a!t ttlill liteIllatide. I ]rlnch 'eruh'j. sp al 
lil l(), l l01111101i-i'! ckilg glotilnd ll tit to" t rTl, 

int Itt .\lt ,l KIdl atil1( RI I.\ I ( 'citerand in II) 
i'-kr i ) il0li' iialasc'nri:r aid 

C' a >1,aI ndli a I'i lnics l ltitl :i, ( )t i altieria-, 
tiIlL" ult dl :id t s ili yr1tidllrlltt plaitswt;itc' 
aie. iit ltp ti ati e (lllt'uiitlltol , Si thehe 

LI (I' /h tl,~ ,+1>. rid tie rn I~i< , ,i/I thc' 5p1+i+ 

Ilo , I/I/L oin hc 	 cLhlls 51. tie tiI t-1, ll)t ilria-

' n' , 


tiiI.. 1 / tit/+it:/ ,, cmt/wit .
 
tool- 'e 	 7\/'/ a1 lithcrntifortn litnla-

Virus I)iseases 

id Necrosis )isease (BNl)) 

(ausal agnrt. \We dle\'eltpcl a niethe d ipuri-

kig tiloilato spoluted wilt virus ( l\SW\'), tite 

cau,,il teeigr itt INI) of erliotrirtrt, so as to 
aie'1",: t hltwe'r lcvcl if host cell ConlrtairnatiJton 

than was previously possible. It involves extract 
iu' frot/n tissue in a lov riolarity phosphato. 
hI l-ll t+,iltahlliui thiogl\cerol arnd dieth1'JIdithi-
0LT1tc i aacd(1)II(A )Chtlariheatirr , l)tcip, i

raition td Il ills ill t.'In ilicd c..tracttw lth "2 
p l,,rth\'lunc +ph l l . the ruesispentsion ot 

[I (Wp i tatc ill louw niuoli phl plhate butler 
ct'111llt :il.l 2 '-.ot illill ,tkllllo- andl claI li~tilo . 

ItliiLh t (d I ltrifid extiacts i' 

icliitl\t h\ oneu c iulof te t\,-arid1 _.cvcl s of 

L'afntiftltall, . IhC l nrilpu d iil f t )ntlai n > it 

pI\l l. ltidc lie t hW fiOlytelliillidwhah iit l\'c' 

ItCl electrtIliore 	 is. 

lRel staniet' screenling,. Severall higlri clding 
ge ltijlihi tiariai d lhe(lirg lines witi resistance to 

tile thrips vct', of lRNI) l( 'RISAl Annual 
I.c'polil 1980. p).2 \\tic. fisted tlir lel lIhlOla
tory Condliti(,ntS 10r rei:Sitanc to I "V. I( (;V 
86)29 and ,6)31 sh ved tolerce to I SWV. 
lhis is tre lirstt tune that ariv kind of resistance or 

I olIcraiIicuto' I\SWV has Ceenfound in groun nIt. 

Planut ClumpiViru. (P V(') 

Poh.reptidcs front purified PC'V were tralls
lerced ClCCtrlphireticallv onto litrtcellulisc 
:sheets. ly irilnllbiliing polypCptides inl nitrccl
lulose and pro)hih g thli with lP('V iatisera andl 

en 'vntlc-lab-ltled ainti hbit iltuoirtl r iallIla 

iiglohtlris pl truccd irr goat b the %estcrn blot 
procedurl,r v. detec:tC hroader ,eruhliical 
eross-reactitns anlil the fi\e P>( 'V isolates i hat 
occur irl India than,we Cartget lte anlvrinen vith 
linked irrnirrtiisrrl-lerit assa' ([LISA) tests 
(CRISATl Annual Report 1985, p. 224). [low

ever, the ictill appears tole less surtablC tian 
('-I)NA probes (ICRIS i Annual Peport 1986, 
p. 226) for deteetirng the presclr: of aAll five I('V 
isolates. 

T'rarinission. All [LISA-positive seed 
trarn.sritled IPUV in growing-otnt tests. Howver, 



(;rouhliii t 235 

0.4"i of 1"IlISA-negativc :cd also contained the 
virus \when grown-otl, indicating that the Table 7. Transmission uf ptU Iutile virus 
p[tIrin (d i lcctcd CC(I. IPM\i) throtgh seed from inoculated grotdnuntgenotypes derived from crosses involving IC(C 

(NCd1697 Ac 17090).I\id i .ce 'ctJtu htt.d to d2./ ihdi- ttr thatIf!(' Itl u') I Car!ll'.; d
'iIlI ('l traln"i,m 
 .';+c 

(V I \RII ,\ninilt! Rep t 19 'X,p.22(o.l, 
 No. ol tlalli,,lslon
,\\' hI " htll ihi: Itoet hlhl healthy eitu I-nit\ sced, t,.ered ol P.\fV (17) 

(m<t~i)'fl's l/I hOkd ]P. oii .IIf /i'lf I' -.t rill/- I((i 1697 t9028 0
 
i~ tL,l+t3,:tllliltlx I P}(A ll'U u ."./>/l)- 1('(;\' 0S'7()5 10404',. 0
 

/m coitttinio,! t wy"to)s itu-,, WCt,"M I('(' 000
i Ld Ilie wert (1 21 163 0.114 
h , Iii jllleet 1 inulI.jot /)j,;tsci /l. Il/,'.s. ( ( V ,";,6713 IS II0)?1
trod>,,elil .,.jjjlliieet iii', h tht .toti,\\htlP(A Wt((i\ 867ll4 20 988 0.0 1
 

tilt it. I nef v,t i.I hh
i ti I 9N-s,C hie toi dclct'tt _' .tol
Y~iilus'+in _t~ P'.I I~l ll,P.tplam i ;_Imi1d11tfIt Ildli 

sis of solubilimed pltettits. Tests indicated that 
I S\VV and IPYSV arc not scrologically related,l~e'nu, .Mottle Virus (I'M \) despite their similarity instrnettrC and cheIC;nal 

propertics.

lcsis ani e screening. In the 19-6 87postrainy
 
',C;t't olitilt 1i1S7 mailuV
ti ,il, WC seteeneul it
 
h,,:d (it273 brtdijil, lie', 10i teitante t10 '.V. 
I'eanut (hl'otic leaf Streal, Virus (PCI,SV)

Viliit 11u , , tu1;111 ; 1ichd
lit ellit.,, Im, Ilr)
 
I'M \ -inlfctl phlnts illte"t'Cmiductcd in hotht \\e lin,t c'u.clectj plants inlccteCl wsitlh
sanplCs ofI 

21- tetCdse.,. Wei. 40( selections dCrived l'(I-V nearlv 10 \(;m, al!t((1t1ring ome of otl
rin t_osc invlvinp N(' At 2210 (I(USIA I diseise stu yst, ii llndia. We recertly established 

Annunal R port It. .p. 226), a sgentvpe known that it isa ' culinim'irti<"(see co\'er photo) and,
to he tolerant to I'MV (ICRISAT Annual as sIuh, contains a 35S tratnseriptioal promtter
Rupmts I982,p.189: 1983, p.199). We identified so that it cart aet itsa gtnle sc,.'tor. We collabo
thrck hieeding linic that showed less than 5(; rated with the Iniver;ity of Kentueky, USA, on 
\'ied l aSi'dreCuCretly, evaIluatimll then)in a the mnapping t the PTCI.SV gene. This was 
cplicalte'd trial. \We also tound that two germ- aChiCCd hy Cutting off the pturificd DNA with a 
types, '(76446 (292) and N( Ac 17 133( R F), series of restriction endontucleases. Large scg
did oit trilslmit P V thrmlh 
 SATsced (( IK I nerts of eleaved )NA \,were cloned and found 
Annual 
epor t 1980, pp. 220-227. -lih- iding infectiots. Full-length I)NA was reconstructed 
cris,,,,,s
involving these pentypes 
 re tested for frnl loncd fragments.
 
Itm'wcd trantmijsiotn. l( G( 1097 and ersses
 
deri%.cd Iruin this grotpct Ld ri)t transislit PMv\
 
thiroligh the sced (MAhlY 7). 
We ire Ct-rhny 1 Peanut Stripe Virus (PSIV)
 
testing thtse hteedini- lint;5 iii tih,,
(SA, 'lhai
lard. and Ittiutcsia where dixscs caused hy Syrmptots of PStV were detected on groundnitI'M V iinhe Ceeonlonietl!\ iultt 1,1nt. at several locations inIndia. The presence of 

PSt'V was conufirmed by surological and host
range tests. We are cooperating with scientists ofPeanuil Yellow Spot Virus PYSV) the National Board for Plant (GeneticResources 
(N I3Pi R) ;Irocating the origins of these infcsta-Purilied PYSV contain flor polypCptidC., as tions arnd in containing any further spread in the 

detertited by polyacrylarnide gel clectrophorc- suhcontinent. In cooperation with the National 

http:deri%.cd
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Istillutes. M oros Rescrch Institutle for Food 

('r ops (NIO() ) r i ll a g Research 1from 

for Foo (and Ria
Cr0tps the Au st 

(CIIeril or IlntCrn~tiorlial A\CiICLIiIal; Research
 
(A( I\R). In tw) field tiails III South Sulawesi 


( ,'ictlig) ii Inrdonesi a,
M o ili) itttla&I,Jas 

we screcticld ovur 6)0( pciiOtvpcs fotr resistance 
to lSt V 22 showed either low incidce or were 
riot Iiifected.____________________ 

P s[%Inse t stsI(_G.S, 

Incidence at ICISAT (enter 

lHIC inect 7St Sitnation0 duringthe 1986/87 post-
rt-il i ts more or less 	 as expected.l' Sitseas .

lhrip i I t :hproporton oIfIO(Scirtothips 
d(ori.s to I cll .whltlll/ei d amaged 
iotlpt.'ro iutd . , nitl plat I here '11n verag: 

of ( eonitl-ytcraio I lou lit it lIa m1iscl-, 

a la~il 1(,(). t ni itI th t hirdt'.il'phi 
eertCntrICIlM. I It,i,well belu\ the dHnIMI'C threslh
itl..I I F17idIimtroase', o//) we 0c itcolspicitl-
i, it I 17. 1)cloliatitt citel pillars caused little 

dt;I1; teT. t1 t t wo tth ec odirI, t It I " (if t IIC 
],;dlets evtedi;ilricd I)VI¢liot/ .s;1rll or-F11 

mm plots wvherc• lpitI1 i. it1secticidcs had 
,)Cull tpielcd, conrpmcd to (' dettliaged lcatlets 
ill tithat Id [iot b qtat vpyc(I. 

lit tie rit-i\' easrt, , itprrbritrd dry spell 
llosloed aphids to bwild up to denisities sullicient 

to cautse stiuttirt ittld distortitn of their rosts, 
IlIe eff ct wasseset ecwhere itisect icide coild rot 
be applied, but the natttrilil clrttilies of aphids and 
ftca\"' rtirtfill reduced their dclrisity dIasticalhv 
itlter ibortlt 3 weeks. lhe main cntorrtological 
e fattre raitt * ;CtisOr -Irhe V was tile high irci 
dunce of or utid rlile c ini ticr itt 3u1ly and 
Aurtist arrd its ahlruost cumplete (isappearaince 
il .pti Iher,lie d tagc to seedlings was stif-

ficicrit to cause it 357' loss itt seed yield in intipro-
tcetcd Kadi ri 3,( R obti t 33-1). 

Ilost-Plant R esistance 

Aphids (Aphis craceivora). The high incidence 
ofaphids in July 1987 allowcd Lis to evaluate the 

Talble 8. Number of aphids on 20 plts (mean 
eight random ized replicates) on eight 

froundunt genotypes on 27 July 1987, 20 days 

a;.er sowing (i)AS), ICRISAT (enter, rainy
seiton 1987.19
 

Mean 

Genotypes 	 i1 log 11 

IW; 5240 	 167 2.22 
235 2.37JUG 7827ItisCt 44 	 377 2.5,8 

l('(G 2271 	 436 2.64
WG 27 	 3 2.6(
I(CGY 11 	 503 2.70 

IC( 9883 	 620 2.79 
Ice( 156 	 782 2.89 
CWG 5043 	 1377 3.14 

SF 	 ±0.12 

CV Ci 	 14 

response ofA. ctaccivorato eight genotypes ini 
randomized block cxperiment. The experiment 
conirne(1d laboratory arld greenhouse tfials that 
showed ICG(5240 is resistlnt in 1held condition.s 
to this iruportaint vector o" virus diseases (Table 
8). 'lhe data front this c\,pcrirnrlt also alerted its 

to the possibility that l('(i 2827 has some resist
arice to aphids. Otlier experimnts (on1grollndltlt 
aphids arC discussed in the contcxt of virus dis
cases inl southern Africa. 

Integrated Control 

The envirornent: relationship between insect 
density and drought. !n the 1985/86 postrainy 
sasoll there was atll indication that the termite 
Microternes obesi was most active where soil 
was moist. Another experiment in the 1986/87 
postrainy season confirmed this observat ion 
Termite baits (10-cm diameter cellulose discs) 
were placed in a 150 x 60cr (row-width) grid inl a 
drought screcning experiment that used line
source irrigation. 1Baits at one end of the gradient 
were in contact with dry soil, those at the other 
Cd were inisoil that was approaching field 
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Table 9. Effect of defoliation by Spodoptera litura (five -Ith-instar larvae) on some pest-resistan
groundnut lines at different growth stages (81) plants phlot-), I(PIISA' (enter, postrain'y season 
1986/87 and r,:iny season 1987. 

(J I,th [avc ((11\p(: 
,SLc ln(I [I).I\1'I
 
1(( i,S'N0131 

1 t 52-10) 

I( 'iV S6030) 

I ( \' 86535M( 

I('( 156 

l((i 221 


1 


)-!macring (30 IDA)
I(( ' 86031 

IW(i 52)10 

I(I(' 86030 

l('i\'(A' 86535 

li 150 

WG 221 


:I-


Pe'gging (50 DAIF)
 
( I(' 86031 

I((i 5240 

I '(I\' 80030 

(0V 86535 


I('G I 1 

1(G 221 


S± 

Podl filling (70 I)AE) 
1('(I\' 80031 

('1 5240 

I(('V 86030 

1('(I\' 80535 

W( 156 

I 221 


SI 


Spia .ti) conitrols
 
IC('\ 86031 

ICGi 5240 

IC'(iV 86030 


8C(iV86535 

IC( 15o 

lCG 221 


S_ 

POstrim\ scason 1980 N7 

Yield 

- tI M- ioiPiant) n 

86 0.) 

1 8.A 

87 5.8 
83 10.2 

100 6.1 
100 4.4 

±11 ±1.2 

58 11.7 
70 8.3 
59 6.4 
68 11.7 
75 13.3 
91 7.9 


±6.4 11.2 

37 15.0 
44 6.9 
47 7.2 

54 10.4 
41 13.1 

50 10.0 

±12 ±1.8 

22 18.8 

11 14.5 

14 12.2 

12 12.8 

28 17.1 
18 12.8 

±7 ±1.6 

0 18.3 
0 14.5 

0 11.1 
I) 12.5 
0 17,9 
0 13.7 

±1.4 

Rainy' scil,1 11987
 

Yield
 
( ) )_loliltioiu (+ plant I (g) 

100 4.5
 
100 10.5 
100 4.6 
100 3.9 
100 4.7 
100 1.7 

±0.0 1. 

45 9.2 
54 10.0 
58 12.4 
47 9.2 
44 10.7 
50 4.0
 

±4.62 ±0.89 

64 10.8 
67 13.3 
68 11.6 
64 10.9 
60 10.2 
69 5.3 
±4.64 ±1.2 

35 10.1
 
24 12.0
 
36 12.3
 
26 9.6
 
38 12.6 
39 5.4 

±7.6 ±1.1 

0 11.4 
0 14.7
 
0 1I.1 
0 12.0 
0 10.4 
0 5.4 

±1.1 
7 
 ,ter
I. I)A da,1 a emcrgence. 

2. Spi.%cd \wtihNtman' applied 3 times at200 il. a.i. ha 
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Capacity throughout the experimental period. "able 10. Performanice of some slecled pest-
I he abundance (ol, Al. obts. ichanged fron being resistant lines against defoliation b)y .SpOdojtcra 
utliform along the gradient 50 days after clr- litifra in choice ,ind(no-choice situations. l('RI
I'ence U)AI.) to being eoricntrated it the we.lt SAT (enter, rain) season 1987.
end 9(1)1 )A Ii. ()A mtotci fliL>spp shotsed notelk ,tl________________ ________________ 

c, 

%/.pfop tre Ii ti ')'. lill r , h as been sc le t edr : . 

as Ol l l tli key I isel' C'.;IiS beIV of its illlp0)1-

lance a it Igiiill litit pe ,t tilroil]bh iit A sia ()tll 

\,k iISk h i Itliv ! (e:ito ,'\ iai, olticl Iparts of 

OWt\l Itii tIi&Lj of tie sMIICe eltins 

dcl Ilt' tait il'lt cI .1)l icpll 

Il!,st-Iplm1 lf i~talllc' his hc ll It. )l't ill 
ilu> It w;is\ill 

(l IeMiF;('7 Pk) Iiiil (1)7 r in sea
ip !>, a 1,. ytlci1aIt ield rial in 

.tliila\ 10 
t l llants at I tll , I dl.' llp-Qh Pin . 

11lltl\ t'k " I uildcl hli!+ inkl ta lim I picYs',t1lCh%,Ac[ 

( 5 ! I'.lII! I hI)t it' I ltlVilk.- platl I). I hll: tdCg.r.CC ofJ 

; !I ltn:; tlilt ',1()lq t._ t)[ t'% t) llillt i l le p lant 
hadt at nill t kct c'ilct', 'Is ,.-\pctc'dt' . 1 f(lit' atil dil-

Ile lu . ' ct vas iicvhot m>.;> I. fllow-
i,. et dle,littiti. I(i\'( ,535 (pos rainy 
e, oln; inld I( i 521;)I seaston) ,' • ot-

>t1a tlii tiwil e . Illn in eXpuriicn. Cornl-
patill!, tlheltl t ofdelili;tition oIfthe smallie ger-

t\ I"." ila chleoic t e i _ ituatiol indcl field 

co'dlitit'toi, in the 198/ laihv se;soni, the ltiliak-
lion)t in !}lit."' itlilc' ) \\I lsistail c wa 

i;iteI t,\.i ti ll In lilt yuLntr<os ( labl 10)1. 
A y,,iy. t tie last tip suisItli, Illlsrvtit : 

Ohtie iatiUrl elieli ,l .'. ]/liuiA rndi'ated that 

Il~su 

.,imiilar to a holCi\,,i) as tie Il1o0 prcvalnctt. 
llis spcis lv , eg!,:-,rI Ihe s)kinl aterlpil-

thle tjhinid. I',vtritaa (I/ ,att(a lv, rli.ially 

oI the 
lar. whert t ltrvae tt-top. 'IlIe iiea Ic\ .l ol 
liaral ilari, itislii did otil exce'l 1),I. 

A comlpatisitn o1 lit iiip anid plltonllirie 
trap recoirds itd ilatc tha the torier ha've giver 
nihisleading u illtioi 11iniiatilig thai S. liulna, 
idulti,ll nlot active drtilnl, the pirrlaiay season, 

prit(l istanditld weeks.,I 30) (lip. 5). II can 
alsol e ccell that the llht-liil lciif cae tlglt, 
il et.5'. ]ll ir,ihal did ti li 'h1t trap. 

lihcromnion Irap height (range (,.5 4.0 in)had 
()trsirletrahle iiiIi ue t;aiherric(rth molths 
catllt during tile seaso in. Ill the seendling stage 

II MioiiSe.l ll (le C 

( i t ty le sit ct -C1ItuiO l Tl 

.... .. .. ..... .. .. ....... ....... .. .
 

WO'( 24 15 (23V 3) (39) 

I((; , 8( IN (24) )1 2)0)31 


I('(;V So1030 21 (27) 55 (4IS)
 

i' -kptihlt SlttOlS
 

Gi((i221 56 1It 5 150) 
I' 1t 31 (34) I4 (53) 

- , ) 
1 .22 t'gjtnalli sesC p'+lot an llt hit: 4th1 trilh i Ja1itac phil 

WL-skt t (1)10: si/c 5 1in. So0ph it , lo t I) 

they lew low (0.5 l.0 fi). )ring vcgetativu 
growth, most Wee caght 4.0 In abovC the 

ground. lie pattern becamene conifiused later in 
the season, but aker ha\est, the 4.0-rn trap 

agaill Caught lost mfltl-.. laking the season as 
whole, there wa"s littlcdi fclricibctweein the 1.0, 
1.5. 2.0 and 4.-Ili trips. 

(;rundnut leaf miner (.tlpo:tterum Iloidicella 
Iarasitism. A rcsearch selolar initiated a pro

ject in which lie will model tile grotndtllt plant 
pest (groutndnut leaf rl iner) atural cicmy (par

asites, patlogels, etc.) 'I higl iricis vstem. lhe 
(fence of leaf miler in the 197 rainy seastr 
cnahlcd biri to obtairl an iiidicutiiti of thc iliil
crice of an early attack ol tli-s species oil the 

yield. [he w:(il-irorpora _.d . systemie itscticidc 
isofelipho (2 kg a.i. ha I) gave' s goold cttroll of 
the leaf iincr as 3 foliar sinay,., ofsystrnic insuc
ticide, but withotut relucing tie level of leat 

iniier p ras.ili-n. 

1n tercr(;pj)in , 

A project continuing previous work on the effct 
of rows of' biotic barriers (cereals, sutflowers, 

http:tdCg.r.CC
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1500 
- Pheromone trap
 

.... l.ight trap
 

S1200 

900 

*~600 

300 

26 30 34 38 42 46 50 2 6 10 14 18 12 
June 1985 StnadwcsJune 1986 

200, 

.JI 

900
 

TI I I 1- 1 I I 
 -

000 

300 

r 

26 30 34 38 42 46 50 2 6 10 14 18 22 
Jlune 1986 Standard weeks June 198i 

ligiure 5. SpodIvptera /itural flightl acti~iti mo~nitoredJusing phIeromnei and light traps, ICR ISAT Center,
groundnut seasons. 4 Jun 1985-3 1987. nn 
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etc.) ingoundnut crops on the incidence of 'ests 
was initiated as a.oiut venture between agron-
omists of' R MP ;and grouindtit entolnologisis. 
lhis project will detcrminec why insect densities 
vary between the intercropp:'' :,id sole crop-
ping , and practical suggcs-ystems, will rnakc 
(ulis, as to how lailIer.s can apply the research 
stationl ilil'S. 

Storagc Pests 

Tlhe docuncntation aecompa nving released 
grouindnlut genotypes should inclde comltuonts 
on t lie tisceptibilitv of the stortcd product (iii the 
,hl I or Iltiled) to a rilige 1 stored prodtict 
pti,. In I 987. \\c initiatetd locedurcs that will 
bcoC e outinC if) the 1itutire to provide this 
infolrIlatiin 

Screening or Pest Resistance 

(;rotidntit leaf miner (.4prorioma modice'Jla ). 
I)tiring tle rainv Sison Ive s+ re able to screen 
I II,' I INcs in threc refliCited trial!s at ICRISAT 
Ceic iundcit hi, It itlesilittin pressure from the 
grotiltdiLttit ca2l tuner11Cl. While Ina 7CI:n'ypC showed 
J ih Ui1 ct resis tinc. 35 shtiwed su fficient 
risit t;u c to il pest I'r tIt:, Iactor to be t:ikcn 
itto contsideritioill ( [able II), withi the other 
attribi 's tha, inclde olialr diseases resistance. 
d rtought resistaice, and coifectionery qualitiCs 
(I abhle I I). 

Plant Improvement 

l)uiring thevclar wc made 529 newcrsses(63 810 
pollirnations) Ifor various breeding activities in 
the grouidmt crop. InI tie 1986/87 postrati ny 
scason, whe rew-, completed 329 crosses, our 
average success rate was 321,7, in the field arnd 
52:; in the grciheIoise.l' hclowersticcess rttet 
the ield was mainly duc tto the effect of iron 

ch lorosis. There were, on average, 11P selfed 
plants during the two growing seasons. 

Breeding for Adaptation to Specific 
Environiments and Requirements 

In 1987. we modilied OUirassessmcnt methods 
and we now have thrce levels of evil iation trials: 
preliminary, advanced, and elite. The prelimi
nary trials arc condncd on Alfisols and the 
advanced trials at,, on broth Alfisols a(nd Verti
sols at I(RISAT Center. 1 lie elite trials are the 
same as tile ;advanced ones except that they arc 
also grown at Anantapir. lfhavanisagar, Dhiar
wad. and Ilisar, thereby testing otir advanced 
material ovcr a range olift1ferent environmncnts. 

Ve also extended. the scope of' this project to 
include tlultiple stress eii\'rioiltmts. WCstartcd 
the excise of .onalling groundnut-growing 
elVirIonelnts based oil both biotic and abiotic 
stress l'act ors to generate better adapted ImatL
rial. In our crossing pruing rani there has been a 
distinct shilt towards general itg, material that is 
likely to possess rclevant combinations of -esis
taince or tolerance to nultiple stress factors. 

Early-Maturing (rouLp 

Diring 1987, we further modified the 'staggered 
liarvesting'approach (ICR ISAT Antual Report., 
1984, pp. 227-229; 1986, pp. 238-239) by deter-
Miniig harvest date in terms of cumuliative heat 
units (degree days) raither than the number of 
calendar days belween sowing and harvest. This 
system uses the accumulated daily average tem
perature Units above the lower threshold tempera
ture for groundimrt (10" C) over the cropping 
duration [('rnax + Tmir,) 2 -Tbase]. The cumtl, 
atlive heat Utinits for 75- a nd 90-day crops in the 
rainy season at ICRI;AT Center, starting 15 
,lurte, are 1240 and 1475 degree days (data 
derived frori 14 years temperature records). 
These estimates were close to reality in the 1987 
rainy season, when it took '77 days to accumuhlte 
1240 degicc days and 91 days to accumulatc 1475 
degree days. The equivalent periods in the 
1986/ 87 postrainy season were 99 and 113 days. 
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Table 11. Groundnut genotypes with resistance to leaf miner (Aproaerema miodicella), ICRISAT 
Center, rainy season 1987. 

Mean Meaniinfestation it,,;tation 
GenotYp- rating' (ienotype tating 

ICGV 87816 5.3 ICGV 86560 5.7 
1CGV 87841 5.7 ICGV 86579 6.0 
1C(GV 87194 5.0 ICGV 86027 
 5.0 
IC(V 87206 5.3 ICGV 86565 6.0
ICGV 87242 5.0 ICGV 86576 5.7 
1(\'V 87285 5.3 ICGV 86028 5.3 
IC(iV 87323 5.7 ICGV 86571 6.0
 
1(_'(V 86601 
 5.0 ICGV 86582 5.3 
IC(iV 86680 5.7 ICG\' 86026 5.7 
ICGV 87237 4.7 ICGV 86598 4.7 

87326I(i ',' 5.0 ICGV 87495 5.0

IC(;V 87327 
 5.0 ICGV 86011 4.0
 
l((iV 87183 5.3 ICGV 86162 
 4.0
 
1((i\' 87339 5.0
 

1I('V 87340 5.7 Susceptible controls
 
IC(iV 87341 
 5.0 ICG 221(TMV 2) 8.0 
IC(;V 86709 4.7 ICG 799(Kadiri 3) 7.3

IC(iV 87165 
 5.0 ICG 156(M 13) 7.3

iC(V 87157 5.0 
 ICG 7827(Jl 24) 8.0
 
IC'GV 87160 
 5.0 ICGS 44 7.3
 

(NC Ac 1107 , EC 76446(292) 4.0 ICG 1697(NC Ac 17090) 
 6.3 
ICG 2271(NC Ac 343) 7.7


(NC Ac 1107 , NC Ac 17090) 5.7 ICGS I1 
 7.0 
SF ±0.45 ±0.45 
CV (,) 14 14 

1Infcstation rating on a 1-9 scale, where I no damage, and 9 90- 100% foliage damage. 

We grew 199 and 1761 bulk selections from F. yield testing. This set of material should help us 
tO v,, generations in the 1986/87 postrainy and diversify sources of earliness. 
,-;7 rainy seasons. In dhe postrainy season, we 

identified 60 new breeding lines to be tested in Yield trials. In replicated yield trials we eval
preliminary yield trials. in the rainy season, we nated 142 varieties in the 1986/87 postrainy seaidentified 44 new breeding lines for yield testing son ;tntd 49 varieties in the 1987 rainy season, at 
and based on theirappatcit maturity, pod yield, ICR IS/.' Center under high input conditions 
and pod and seed appearance, \we retained 822 '60 kg P,0 ha-1, irrigation5 and protection
hulks for further selection. against pests and diseases). In the 1986/87 post-

Dttring the 198687 postranv season, we also ratiy season, 42 varieties gave significantly higher
evaluated 189 ge rmplastt Iliies for earliness, and( pod yields than the highest-yielding control va
pod and plant characteristics, and selected 45 for riet y in the 99-day harvest and 17 varieties gave 
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sigaificanly higher pod yield, than the highest-
yielding control variety in die I 13-day harvest. 
Similarly, in the 1987 rainy season, two varietics 
outyieldled the hmliest-yiclding control varictv in 
file 77-day harvcst and one variety miiyiclded 
the higest-vieldine om. l\ arilletv I thc91-dav 
harvest. Selected va;ItiCs tilt1the carl v-miaturhigt 
control variety Chico reached acceptahle levels 
of maturity when the crop acCtInlatCd 1240 
degree days (ahlc 12). 

1Medium- and Late-Mauttiring Group 

In the 1987 rainy seasoii. wc grew 197 p)opmla-
tions (V-F,,) and made .!43 selcetions for pod 
yield and otherdesirahc pod and seed Character-
istics. 

'ield trials. We evaluated 282 sequentially 
hrimching selcctins in thrce replicated yield 

trials [Or their ad aptation to the postrainy sea
son. F.leven producCd significantly higher pod 
yields than ilhe highest-vield ing control variety 
(T1ahle 13). I(;GV 86236 was tile only coiniol 
varietv among the varieties included in the 
EMI,(iVT (Alfisol) and 1 MI.GVT (Vertiol). 
Several other g',"otypes that perflrniled ollon
 
Allisols were rnot so good ol Vertisols, 

In the 1987 rainy season, we cvaluated 233 
advanced hreed ing !ines in seven replicated trials 
itI( RISAT ('Cner and the other ICRISAT 
locations in India. In general, yield levels were 
low dtie to prevailing drought anid other stress 
factors (Table 14). Only 22 varieties produced
significantly higher pod yields than tie highest
yielding control variety. Varieties that were 
conmonly in the top live for yield are 1('(;V
86 187 iti the FM I ,VT(S 1) at 3 locations, ICC V 
86347 at 3 locations, lC(iV 86350 at 2 locations, 
I(';V 86201 at 2 locations, I('GV 86866 at 2 
locations, ind IR(IV 0,238 at 2 locations in the 

Table 12. Performance of selected early-maturing groundnut varieties in staggered harvests under 
high-input Alfisol conditions, ICRISAT Center, postrainy season 1986/87'. 

Pod yield (IIla ;M K yield (t ha I) Shelling %
 
(ienotypes (99,1240)1 (113,1475) (99,1240) (113,1475) 
 (99,1240) (113,1475) 
I( V 86016 2.62 3.52 1.55 2.55 72 74
IR(iV 86065 2.15 3.11 1.33 2.27 
 72 76
tCG\V 86038 2.06 3.05 1.36 2.17 
 73 76I(GV 86061 1.99 2.90 1.34 2.10 74 75 
Controls
 

Chico, 
 1.25 1.57 0.88 1.19 76 791U(GS I11 1.50 2.54 0.52 1.64 54 67 
SE ±0.12 to.18 ±0.13 ±0.15 ±2.3 ±2.8 
Irial mean (36 entries) 1.90 2.79 1.08 1.89 67 72 
C'V(%) II II 21 13 6 7 
Efficiency over RHI) ((',) i0( 108 98 98 101 92 

I. Experimentat design - Iriple lattice: plot si/c z 6 m-; I igh input 0i kg P:Oj ha-I, with fullirrijition and insecticide sprays.
2. SM K z Sound maiture kernels. 
1. Figures inparentheses ate the aLiltal iniitniher of days from soing to harest, arid the accumulated heat units over that 

cropping period. 
4. tarly-niaturing source Ite. 
5. Ilighest-yielding Contiol 'arict, in the trial. 
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Table 13. Performance of high-yielding medium- and late-maturing, sequentially branching ground
nut varieties, ICRISAT Center, postrainy season 1986/871. 

Trial L.ocation Pod yield Shelling 100-seed Oil Protein 
-Soil type Plot size' Entry (t ha ) ( mass (g) ("'0.) (%) 

GVI 2EM ICGV 86259 5.66 66 69 49.2 23.8 
ICRISAI Center IC(iV 86363 5.57 72 60 47.0 25.3 
Alfisol ICGV 86236 5.49 72 80 48.6 27.7 
13.5 	rW Control' 

ICGS 11 4.76 69 67 48.4 25.2 

SE ±0.26 

Trial mean (64 entries) 4.49 

CV (%) 10 

Efficiency over 1<I) (%) 100 

EMI.GVI I('(iV 86236 4.64
 
ICRISAT Center IC(\ 86249 4.93
 
Vertisol ICGV 86398 4.S3
 

.
13.5 	 m (only pod Control'
 
yield assessed) Kadiri 3 (Robut 33-1) 4.03
 

SE ±0.19 

Trial rman (61 entries) 3.63 

CV (%) 9 

AM LGVT ICGV 86326 5.79 75 63 49.3 25.2
 
ICRISAT Center ICGV 86441 
 5,73 62 47 47.6 26.7 
Alfisol Control 3 

13.5 1n 
2 	 Kadiri 3 (Robut 33-1) 4.88 62 55 46.2 25.3 

SE ±0.26 

Trial mean (81 entries) 4.55 

CV (%) 10 

Efficiency over RBID (%) 113 

PMLGVT ICGV 86522 6.34 64 57 46.5 26.0
 
ICRISAT Center ICGV 87382 6.12 64 57 45.8 27.6
 
Alfisol ICGV 87495 
 6.1i 69 71 51.3 29.4 
6.0 	m2 Control 3 

Kadiri 3 (Robut 33-1) 5.24 68 62 47.5 24.7 

SE ±0.27 

Trial mean (144 entries) 5.12 

CV (%) 9 

Efficiency over RI) (%) 128 

I. 	 Triple lattice, all postrainy-season trials grown under high input conditions i.e., 60 kg 1)205 ha-', with full irrigation and 
insecticide sprays. Experimental design was triple lattice trials except for EMI.GVTi ICRISAr Center (Vertisctl whichin atl 

was grown in a randomized block design.


2. 	EMLGVT =Elite medium- and late-maturing groundnut varietal trial; AN ILGVT = Advanced medium-and late-maturing
groundnut varietal trial; PMLGVT = Preliminary medium- and late-maturing groundnut varietal trial. 

3. Control = I-ighest-yielding control in the trial. 
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Table 14. Performance of selected high-yielding, medium- and late-maturing groundnut varieties in 
yield trials, various Indian locatlimts, zainy season 1987. 

Trial Location 
Plot siue 

EM I.(iV (S H) 
J('RISA F ('enter 
ligh input 

13.5 m2 

l-ntry 

I(CV 86303 
ICGV 86310 
IC(iV 86187 
Control 2 

ICGS 44 

Pod yield Shelling 
(t ha ') ((7) 

1.89 64 
1.75 70 
1.74 67 

1.32 71 

I10-seed 
mass (g) 

3 
33 
'13 

37 

Oil 
(%) 

45.4 
45.5 
49.3 

47.' 

Protein 
(%) 

23.7 
23.7 
23.4 

22.2 

SE ±0.12 

Trial mean (49 entries) 1.32 

CV ((i) 16 

Efficiency oer RIll) (%) 126 

EMI.GVF(VIB) 
ICIISAl (enter 
High input 
6.0 n-" 

IC(iV 86347 
ICGV 86350 
Control 2 

IC'GS 65 

2.37 
2.02 

1.57 

66 
65 

69 

31 
30 

36 

42.7 
46.4 

42.7 

25.8 
23.7 

21.9 

SE ±0.12 

Trial mean (36 entries) 1.41 

CV ("I ) 15 

Efficiency over R.IM (") 109 

EMI.GVT(VB) 
[)harwad 
Rainfed 
4.8 rn 

ICGV 86222 
Control 2 

ICGS 65 

I 84 

!.49 

64 

64 

23 

27 

SE t0.11 

Trial mean (36 entries) 1.35 

CV (7) 14 

Efficiency over RI3D (() 90 

EMLG VT( V13) 
Hisar 
Irrigated 
6.0 m2 

ICGV 86197 
JCGV 86190 
ICGV 86347 
ICGV 86866 
ICGV 86238 
Control2 

ICGS 65 

4.33 
4.27 
4.08 
4.03 
3.94 

3.15 

65 
65 
54 
66 
58 

64 

23 
25 
25 
27 
26 

24 

-

-

-

-

-

-

-

-

-

-

-

-

SE ±0.27 

Trial mean (36 entries) 3.41 

CV (%) 14 

Efficiency over Ril (%) 135 

Continued. 
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Table 14. Contmined. 

Trial Location Pod yield Shelling 100-seed Oil Protein 
Plot size' Entry t h - 1) ('i ) mass (g) (';) (C; ) 

AM IGVI(S 1) ICGV 87935 1.74 66 30 48.1 22.0 
ICRISAT Center (t11) ICGV 87143 1.60 62 33 476 25.9 
ltigh input ICGV 86876 1.47 62 33 45.1 22.7 
13.5 n12 Control 2 

J 1.24 1.20 65 36 44.9 27.0 

SE ±0.09 

Trial mean (36 entries) 0.88 

CV(%) 17 

Efficiency over RiZ1) (B ) 119 

PM l. ]VT( S I) 
ICRISAT Center ICG\V 86928 2.17 68 44 47.5 24.4 
tligh input 
6.0 m 2 

Control 
Jl. 24 1.51 62 35 43.2 27.5 

SE ±0.15 

Trial mean (36 entries) 1.07 

CV ((1) 24 

Efficiency over R111) ((, ) 94 

)PM L GVT(VP) ICG\V 86300 2.23 66 37 43.2 27.1 
ICRISAT Center ICGV 86924 1.88 55 36 45.4 26.7 
Itigh input ICGV 86325 1.86 69 33 42.8 22.3 
6.0 m2 

ICGV 86923 1.82 64 37 45.7 24.1 
ICGV 86911 1.78 68 37 47.9 22.8 
Control 2 

C 198 1.44 69 40 48.0 22.8 

S E ±0.10 

t rial mean (49 entries) 1.29 

C ' ((';) 14 

Efficiency over R i) ('i) 114 

I. IExperimcntal design I riple lattice; t'MI.(i\'t 1lite medium- and late-maturing groundnut varietal trial- AMI.GVT:Ad
.anced medium- and latc-mnattring grotudnut "arietal trial; I'Ml.(IVl1rclininary rmedium- and late-maturing groundnut 
varietal trial; Si-spanish hunch, ar v'ulari; V tlirginia hunch, ,ar Iopogaea; Iligh input 60 kg P,() 5 h&.Jwith irrigation 
allu insecticide tra . 

2. 	 (ontrol - fghcst-, icldinp coni l in the trial. 
. Not tested. 

[MI,(WiT(VB); I('(V 86928 and IC(iV 86934 lowed by Ilisar, 2,8 t ha-; Dl)harwad, 1.5 t ha-'; 
at 2 locations in the l'MlI.GVT(SB), and IC(V ICRISAT jhigh input (HI)], 1.4 t ha-I; and 
86325 at 2 locations in tile PM!,.GVT(V ). ICRISAT [low input (1.1)], 1.0 t ha-1 . 

Of tle live locations where elite trials were IC'(iV 86197 recorded the highest pod yield 
Carried out, the higlest lo,:ation mean pod yield (4.3 t lia-I) at Hisar among the entries in various 
of 2.9 t Iw I, was recorded at Bhavanisagar fol- trials. It was followed by ICG V 86347 (3.8 t ha - I) 



at Bliavanisagat. Both thcsc \,arieties are 1987 ra InN season, 316 selcctIons were made for 
,r,,whis ,pp hi.j~o,+a,. F,,p.;a. pod vIeld. pod shape and si/c, and seed shape., ,ar 

si/c, and color. Some of, these selectioms har-
Vested 110 I)A[ and had a 100-secd mais in the 

(onfectinter Croup anlg of 110 150g , whercas itit bt confection-
Crv line. l( (, V M",8:,64. hid a I100-sccd masof' 

\V introduced 75 .llldteo llnllt. le llN (I lth oll\ 90 P alid took I5d;Ils lollr to Inatlte.
 
('arolina 'Stal I ltcly%, 1.At\..\Vhilh mot- did
 
Iot p((iduC lIreC pd1, O1 NCeed.s at fIRIS.A I Yield trials. 
 W' cvaluated 35 confectioMry 
(enter in the II-tin\\ s.as. (aItlthkm hediru.lt 1c illan trial undCr IIIlins adIanced 

,
had the clean clo. atc i,1L[C n(1d', IUl ' conMditions a I Clenter during the1 ucll, Wl(R ISA 

K the coltecttr.i\ iolu-,tr ' I l-, linc ,hi\ 1980 -,7 poslain\ sCa-on lCI 0). Secral
5hie 

iita 10ibc tl eI.'d In11 the LI t rI 'a\e lhir2hel victid and 

1)11! clw"ssli 1 oi1uer 


1 l;111( ili/a pod a IuhIte l pecentage 
lictia-lit c ls thaitlw coittril varictics, 

Irlu l ;I totat;l of 810 I I IllkI tlilib ti,II ."1 13iand ('halllii. I hC\ also had higher shicl
,tilu lilt. ]9"IS, , ' - t Jillt.) p 'IIa- c, ;ailt lil HICM)tttiet It lt t 'liI10k. 

Flble 15. lPerforimince of some high-yielding,c(ofectiouer, groundnuit varieties under high-input
 
conditions, (RI(SA I(enter. tostrain- , season 1986/871,
 

Hlalichllg 'ol \ilh SlIelirie I iri -Iarge I00-sce il i l 'rotcin
V~i~lll,, hl HIla 9 
 ,cd (I;) nlasN, IV) ( )I C ) 

((V N \8i63 5,)7 60 40 70) 40.0 20.4
 
1t( 1 V n5"7n N 5.78 0. 
 75 78 49.6 25.2
 
I('(IV 865,5 S 5.00 02 
 71 70 .19.0 262
 
1I V 865O S 5.49 71 90 
 116 43. 1 29.3
 
I((V 80583 S 5.17 62 72 70 
 49.5 26.3
 
1(V 5 I! S 5.05 55 84 60 47.3 24.9
( 

1((iV ,)20 S 5.03 66 72 90 49.2 29.7
 
l('(IV 80581 S 
 4.79 67 88 106 45.0 28.7
 
I(;V 8577 S 4.76 76 87 119 46.6 28.8
 
1t(iV 8(579 S 4.04 75 93 108 46.4 29.8
 
1t'(iV 86564 A 3.69 64 
 53 90 51.0 26.5 

(ontrols 
M 13 A 2.83 55 10 67 45.6 24.0
 
Chandra A 2.30 52 26 
 76 47.3 23.6 

S F ±0.30 

Trial mean (42 entries) 4.82 

CV ((i ) 10 

Efficiency ovc- R I) C'i 106 

I. 'lot 1.1-. highlinput .'1kg t'2O, siill lull imrgalii 
= 
sile ill.': ha m, aniinsecticide sprays. 

2. A Alterate hraliching, Sp i/,I'Vl.''a. S - SeultCliit a blanching, sp /l tg ala. 
3. One-kg bulk seed %,is gradtcd and the trcentagc dtiCldioml the uLs,u se ds tIiHi could not pass tiroulgh 20/64"x 314" 

mesh sic, . 

http:hediru.lt
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ICGV 86563 produced the highest pod yield highest-yielding control variety at Anantapur 
(5.97 t ha-I) and had 3()9 more extra-large ker- and 22' pod yield s;uperiority over the highest
nels than NI 13 and 14' more than ChlandrIa. It yieldiing control variety at ICRISAT Center. 
had the higlhest pod yield (3.36 t ha 1)during the 
I tJ,(; ijlilty SeaSon whIlen outllolv\ariely ('handra
 
produed 2.67 t haI (IC'P ISMAl\tnual Report Tlolerrince to MuNille Stresses
 
IQ ',, p. 2-(0).
 

We now monitor all our aoliinced biceding lines 
for tolerance or resistance to various stress fac-

Adaptation to Vertisols tor in addition to assessiug their yield potential. 
One of our early-llaturing varieties, ICGV 

\ ctiiol> in India constituIte about 37.; of the 8605.4, which showed tolerance to midseason 
gI 'lltil)it-I'l wini ;-I' an(d contribute 32'; to and Cnd-0-season di :)lght, also had tolerance 
the total gtttltiluIt production In general, to PM V diseasc, It did not show any yield reduc
ruindut yields ie i eported to he lowur on tiot atale\ lol discasucidlece\,hcre Kadiii3 

\cltisos thlltt on ,Allisol. (Robt 33-1) suLffrecd a yield loss of 8(,(, and 
Wc toss mol\\ atll ouriclie titd atneed rCpli- [ItM 2 lost 6'Ci of its yield. One tt our insect 

c;itd \ id triials ii I( A IVA I ( cnur ott hoth pest-resistant lines. IN(i\ 86793, had tolerance 
\''iiisls tt AHlI&I,. \\ C t)!(tiil siptfticatlt pod to end-ol-scason drotlht ,and two other insect 
s\eld diftncrict hutween s)il t pet., aitlasigntit- pCst-resistant liles, l6 \ X6798 and IC(iV 

eiotili \A ictit - )il 1\pc initclnctiott Cluct in toulr 8, t).l. were tolcilattt to tllid-sctason drought. 
uch \icld tirats. Iotd \iMls "r I I 22' losei We e\,Ialithd the vields of 23 loliar diseases-

OH \'ultisos. althmtlgh a few etnies were itot rCsistait varicties that also have resistance to 
atctced b; soil t. ap ecv insict pests and drought. In the 1986/87 postaind mintie gi'higher 
\iclds oin \'crtiso tfht ()it Alisols. raiinv season in stiess-tic environments, seven 

-\viietics were uii pilr (5.9 6.4 t ha t) for pod 
yield with the highest-yiclding control variety 

l)rouglhl Tolerance I('(;S I! (5.7 t hla 1). Iaritig the 1987 rainy 
seasoin, When this trial w; s grown at varitous 

\VC adivanced 113 F, populations to 1 , by single- loationts, two liIes it )litlWad and 0t1e line at 
p(d descent. rom the 26 IF pro)genis, we itti;lc II sir gave sigilicaittly, higher pod yield than 
33 hulk Selccttius under rtiittedl conditions for the highest-yiclding conitrol variety in the trial 
rV)ilictC(l yield at naltati ([IableCaltttion M and 16).
 
I( 'II I I (l enter.
 

It otlt tout inc mniitioring of ad iivanced i)reed
illy lines, we itund thit tine carly lines and live 
linc 1lrol the ItIditlnt- attd late-lat uring group Nutritional and Food Quality Studies 
tad tolcralice to b()th inif- and cnd-of-seasonl 

drttiglit.s. A tLurtir six liies in the mecdium-, and An important characteristic of groundnut is its 
t\\() in the lht-tutuitg yroiup, had tolerance it) food quality it contains tearly 50i%, lipid and 
tuidscist atlnd cid-il-scisol drotughts. 25(:i protein. Both are needed to supplement the 

hiigh carbohydrate diet of people who live in the 
Yield trial. Wc evalated 33 Varieties for pod SA. It is essential that we maintain existing 
yield, together with tote dr)uuhglt-toltrant breed- levels of oil content, or even increase them when 
ing line and two released % ietics its controts, at Ibrcding lintes destined fir oil production. Germ-
I( 'RISAI (citer an( Aaitntiipur unldcr rainfed plasin lines havingseed with higher-than-average 
conditions. I('(jV 86000, was the best at btth oil contents have been identified, and aftercross
locations, with 6K, pod vielu superiority over the ing. their progeny are being tested in multilocu
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Table 16. Performance of some elite multiple diseases- and pest-resistant groundnut selections in 
multilocational trials, rainy season 19871. 

*~iseaseDo s i Groundinut 

d yi leaf minerI oc ition Varrct\ ( I Rtwit late leaf sr at score.; 

l)harssad, rainlcd 
IC( IV87165 1.77 4 5

ICGV 86709 
 1.68 	 4 5 5 

Controls
 
NC Ac 170901 
 0.73 	 4 7 6.JL. 245 1.35 	 9 9 8 
SY ±0.10 

Mean (25 entries) 1.06 

CV (V'i) 16 

Efficiency over RBD (%) 107 

flisar, irrigated

ICGV 87333 
 4.37 	 4 6 8 

Controls
 
NC Ac 170901 
 3.34 	 4 7 6
ICGS 1 I5 2.75 	 9 9 7 
SE ±0.37 

Meai (25 entries) 	 2,94 

CV (%) 22 

Efficiency over R ID ("j) 	 119 

2I. r uL.,J ,ign tlriple larttice, plot si,'e - 6.) n1 .
2. Field discas scoied on a I 9 scale, Mhcre I = no disease and 9 50 100i, foliate damaged. ICRISAT Center, rairy season19 8 6 . 

-
3. 	Hreld lInmct tanrge seticd oil i I 9 scale, %khereI ninsect damage and 9 = 90 100'i foliage damaged, IC'RISAT Center,

rains season 1987. 
4. 	Rust-rCSi!tant coIrol. 
5. 	 IHighest-yilding rust. and late leaf spot-susceptible control. 

tional trials. Advanced breeding lines, 1C(iV trols, and their protein content, and other basic
86388, 86335, 8631 I, 86435, 86418, 86446, and seed components were comparable (Table 17).
86435 had 50 52(;1 oil content in the 1986 rainy Further, the protein in these genotypes had a 
season. The first threc also had high yield higher proportion of amino acids that tend to be
potential. deficient in groundnuts (Table 18). The fatty

We analyzed seed of several released sclce- acid profile of ICGS 21 had a higher oleic/
tions, or selections close to release in India. Their linoleic ratio (I.42) than the other varieties 
oil contents were higher than those of the con- listed in Table 18 (0.92-0.96). 

http:0.92-0.96
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Table 17. Composition of selected groundnut genotypes, ICRISAT Center, postrainy 
season 1985/86. 

Soluble Crude 
Protein Oil Starch sugars fiber Ash Moisture 

Entry (%) (() (() (() (() (() 
l((iS 1 24.9 48.3 11.8 4.6 2.2 7.3 7.3 
1((iS 5 25.7 18.2 12.3 4.6 2.3 2.3 6.8 

I 1t'(S 25.0 48.3 11.8 4.6 2.2 2.3 6.7 
((iS 21 24.2 50.0 11.3 5.0 2.0 2.3 6.8 

1(GS 44 25.4 49.1 12.2 4.4 2.1 2.2 7.1 
Control, 

Kadiri 3 (Robut 33-1) 29.2 46.4 11.2 3.6 2.1 2.2 5.0 
.i 1 25.8 47.2 13.7 5.2 2.1 2.4 5.1 
S1: ±0.4 ±0.2 ±0.2 ±0. 1 ±0.02 ±0.01 ±0.2 

Table 18. Essential aiino acid composition and protein contents ofgroundnut genotypes', ICRISAT 
(enter, postrttiN seaSon 1985/86. 

Kadiri 32 
(opolincnt IC( iS I I C.S 5 !(S II IC(,S 21 IC(iS 44 (Robut 33-1) SE 

I.\ .,ai 3.98 -4103 ,107 4.06 4,09 3.81 ±0.04
 
I ll'CO 1i1C 3.23 3.09 3.32 3.10 2.90
3.14 ±0.06
 
\ahine 4.65 4.80 
 1.51 4.66 4.09 4.27 ±0.08 

ictitionic * cystine 2.65 2.55 2.182.95 2.38 2.65 ±0.11 
[OICuci 3.73 3.8 6 3.76 3.66 3.64 3.49 ±0.05
 
leacine 6.92 7.27 6.84 7.17 7.24 ±0.16
6.26 

I licnvialanine + tvrosine 10.17 1(. 19 9.77 10.10 10.32 9.90 ±0. I1
 
Protein content ((7) 49.6) 49.10 49.70 49.81 49.00 52.20 ±10.48 

i.M ,an oI duplicalte dcterminations. 
2. Stanhi ld conliol. 

Utilizing Wild Arachis Species of cytologically stable, uniform, A. hypogaea
like, tetraploid lines resistant to these two foliar 

In the past, our emphasis has been ott the diseases. 
;anslcr of geles that cotfcr resistance to late This year we changed the emphasis. Early leaf 

leaf spot and rust fron the compatible species of spot and groundnut rosette virus (G RV) diseases 
section A r;thjis into the cultivated groundnit. are the major yield constraints in Africa, but we 
We produced a wide range olfinterspecific deriv- cannot screen for their resistance in India. 
atiVes from crosscs betWeen A. hy'pvgieaand the Therefore, 21 wild Arachis accessions were sup
otlyI eight accessions of scction Arachis initiallv plied to the ICRISAT Regional Groundnut 
available at ICRISAT, alnl established a number Improvement Program for Southern Africa in 
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be screened 'I 
I(CRISAI patlhologist ideniid three accessioi,,,, 
Malawi to lor these diseases. lhe 

A. Cl,'COCn.,('. ,,A-1L'Isisp -(005, and Ar hAs sp 
30003, rcsistaiit to ci-rly leaf spot, and anothcr 
accession ,.rachi.ssp 30117. rcsis-ant to G R V. 
Wu cro.rscd tile new acccss;ions "withA. hypo-

r1W,' aid with diploid specics of scetion Alachi 
I'cpItC.',cl nlILtire A illidIH ceniorl s, isir 
.A.chr'cnScx as the lepIcst'llitive' of the \ 

eliorlie (I let I1)). 1'Xept rt.A. hler'ot'lms ' 

,.:' lu.s sp 30)0 ill th cer'oscs trncilpled plo-
d rced pod,", 1ut ill pods pr)oduccd \\ln ,:elacl.s 
, .sp ,i pillillartoloilrald :rlllted or1303) a 

irillatin Oi ril',. Wc llimri-tcicd tilreirnalolite 
r 'M rile, 0to Il cuitll .. I,'1ch.N h j.LorJ';'aIs 

tl,"o cI o ssud witI.A.1. CilL 'CI1.SC'. iI I I d ri(u'dI 5 

pod' cl 100 pollinllrin- \W' Cucckcd tile plait 
itoiplilo,t'y aid ; these acscc-he kiwr,tpv of 

iwir,,. aid cruclulded Ihat .t;hhi.s ,p2(10)17 arid 
Ar',hiNsp 3)1),8§ are il ,,ction.lr'hi.s aid havC 
rir A 11celeir, while Aritchli',.p 3(0)13 is pobihably 

a rieruibr sectcl(I csoled'.. lu'lrhof I t tire 

plants grown at ICRISAT ('enter do not have 
the Iomentif orm tuheroid roots and hypocotyl 
typical of that sect ion. 

\We grew the triploid hybrids, A. hvpogava 
(4x) Ar'chis sp. 30085 (2x) and they produced 
seeds and seedlings, its;a\c oiler triploid hybrids 
grown at I([RISAT ('enter ii the past. We 
Co ted clionlosollcs it]a smllple io tripoirid 
prpernics, arid found that 93'7 of plats had 60 

riSOlllcwcrc hcxaploild, tie 
ir 77 hadd0 ( c00clrorirosormres. Meiotic arall

sis ili)Itrn of these slptlirittili sly produced I 
hcixaploid pllts revelled iahigh IleqiierrC' ofI 
hivalcits (24.9 pet ceil) and the pollen aid pod 
lcrtility were very high0 ,indicatig thai it was 

cytologicallY stable (Iable 20). 

\Ve also hiackcioscd these triploid hyr'ids 
\\ith A. /r 'y;l. bill with little success. Ilow
e.\' C wCrC able to prodtuce two hackcross 
plants, ore of which was tctraploid, and the 
otier pentaploid. They arc probably the result of 
tfertili/itioi betwee \'ial)lc uinrCdIc'd garrietes 

e1 1llr iiid elltili-

Fable 19. (rossa!bility of A-rachiv wild species accessions resistant to early leaf spot and groundnut 
rosette virus ((RV) with .- I('R ISA!' Center, 1987.Irachis h' ogaea and diploid species, 

( 'arcint Ar /i. sp 3(003 ,.lra'/iissp 30017 .'frachis sp 30085 

il b c at h C a ) c 

2x ' 2x 
A 9CI01t'llt
ll
 

.-/ic /1t.,hi ,'tl.o' 60 0 ( 65 II 17 36 10 28 
Rccip ual 47 32 6 61 14 23 52 6 12 

I3gerllllm:
 
Aruc/hi. /,htizcdi 48 121 25 
 J- - - 32 13 40 
Rciplrocal 59 62 10 53 14 26 65 3 5 

4.x 2x 
1. /rrl)o (a ssp /ir)ogaeavar, virginia 
l('(iIMS 42 23 172 74 3 1 33 34 21 62 
Mrni Pitrar 25 62 24 16 2 13 24 8 33 

AI. p/lfgat'a ssp./hig,,iatavar. spanish 
IC(MS 30 31 192 61 - - - 23 13 57 

1.a -Niiimer o piulhnatims; 1) --Niumbuir pods; c Icrcentagc pods pollination-I. 
2. In culture. 
3.- C Data not a ilabhi. 
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Table 20. Chromosone associations and pollen s.,.inability in hybrids and backcross derivatives of 
/irachis hypogaea Arachis sp 30085, ICRISAT Center, 1987. 

Cnellc olllunosolllt association 
Clirui u one ____________________ __________ _________ Pollen(icncration numnber 1 II IVIt stability (%) 

1:1 301 8.9 9.2 0.9 -2 29 
(±0.39)1 (±0.3 ('0.2) (±2.7) 

601 7.8 24.9 0.7 0. 1 93 
(±1.3) (10.7) (±0.2) ( .) (-:1.3) 

HCI 401 9.4 13.2 1.4 27 
(±0.7) ('0.4) (0.3) (±2.6) 

B ' 1 501 4.9 19.4 1.7 0.2 90
 
(±1.2) (±0.5) (lo.I)
(±0.3) (±1.7) 

fiC( I:, 44-50 8.6 17.5 0.9 0. I 19(10.9) (±0.7) (±0.2) (±0.1) (±2.0) 

I. .tracht h ,ogaea cultivar Kadiri 3 (Robui 33-1).
 
2 iNot
a±.,ilablc.
 
3 Numheis ini p ieniihccs ,tc ti standaid crror s (Sls),
 
-1. .-Irachn I i 'oaca cuthi.ar .11. 24. 

(resulti ng from the format ion of restitut ioit Intersectional Hybridization 
nclei) and viable diploid gametes (resulting 

froin genomic segregation) of the triploid hy- Production of shoots from hybrid ovules. We 
brids, and normal gaietes cil A. hy'pogaea. We crossed A. IpogaeacultivarsM K 374 and M 13 
o1'>,ervCd that the JIF, tet aploid backcross (section Arachis)as leiale parents with Arachis 
progeny, dcspite having the usually Iaacedsp 276233 (section Rhlolatosae), and cultured 
chromosome number of 2n : 40, formed many ovules on filter-paper bridges using liquid Mura
univalents, and had low pollen and pod fertility. shige and Skoogs ( MS) inedinum with 0.1 Ing L. I 
We found that the pentaploid ( FI progeny kinetin (Kn) and 0.075 ing L. I indole acetic acid 
had high bivalent f requency, and high pollell (AA). We dissected embros froin these ovules 
fertility which indicated that there was gelnnic after 60 days of culture, recorded their stage of 
honmlogy betwecet the ch ro ioso mes, thungh development, and cultured them on agar slopes
pod fertility was tilis plant tnly NS nedium at two levels oflow, and pro- on sucrose (3% and 
duced two seeds. ()n of these produdced off- 5(1/) and two cotcentrations of naphthalene
spring which had variable chromosome numbers acetic acid (NAA) and bcnizyl amino purine
in the pollen mother cells, high univalent fre- tBAP), (2.0 rug I, and 0.5 mg I-). 
quneCy, and low pollen lertilily. Flie rIajority of the embryos were at the late

Although we were only able to produce a fe\ gIobula; stage of development when dissected 
plants in these crosses. tile progeny xx'ill be car- from tile ovitnes. ()thrs were gl obular, and a 
tied forward by flirt her backCrossi ng, and screen- very few were in the heart or cotyledonary stage
ed for resistance to early leaf spot in order to of dexelopment (Table 21).
utilize Arachis sp 30 0 85's resistance to this All heart-shaped or early cotyledonary em
disease. bryos appeared normal, and grew, increasing in 

http:cuthi.ar


252 (;roundt 

Table 21. Number of hybrid (Arachiv hynpogaea NIK 374 and NI 13 ,Arachis sp 276233) embryos
gro,,inlg when cultured at different stages of development on four different media. ICRIS'AT Center, 
1987. 

(lobuular 

NC2,\lediumir NG 

.. rachiliipogtaeaM 13
 
,.rahii sp 276233
 

1-' 

I1 
 -
Il1 
 2 0 
! 4 I 


.-trac(hi. /i'la)gaaNI K 374
 
.Aachi. sp 276233
 

I 	 5 
 1 

II I 0 

I1 13 3 

IV 4 


I I - \15, 'u,.ticu ', mr 1. NA.\.Aio.5 rgi " I AP. 

III t511 ,ijcr(,w'2.) g .. N,\AJ.5+mp L ItIP 

M 'V Numkc'r cultmred. Ni Nitmin h \khich gire.
 

3, - - Not :Ittattc.' 

si/c, heco Iit ig gtcci. itild usuall o.rnin a1lui 

o)n the media u,,cd. Iowever, [lot all _,lobilar• 

e/llbryos grsv, even thtLuili weV 
 icd the Coln-

bitvitjoosf stcrose and liorriones. 


\Ve observed that ctlilrvi ol the cruo.s MK 

374 , ,Archi.l' ,p 276233 at e ,obullar 

cc itlo'c101 r)OtllSix Ctlhallthose of the crss %1 
13 :Ichai ,,) 2706233. an 'ietlobtailitcd tle cst 
ResfiPo 1iS onl NI S rliditiri wit 31( sllcrose ath. 
0.5 tir 1. 1NAA Id ,1,' RAP. I hotmu,] 
w. ihis iltatitUd hirt arild cOtr,+lc ilrary eill-
hW%), 	 iti how rirolr.) their rcspo , wa- Scry 

,ood tlrireditir orr which the'irrespective oh 
s cr''scul ured. 

\W"e tCSctL VlirOUS COrlCcrt+i')1S ritd( Combi-
ntltiOtrs of' NA ,Aarid IO\ I'. an1d Of iidolC botvric 
acid (IiA) and BP\l', 'o their ;ibililY 10 indtice 
shoot bud,,on hybrid cArhHrS alld to prIomote bud 
elogatioin. \Vithi NA,,\ anid lfi\ ), observcdB we 
bud formation on rostli coinbillitiolls, :aid]sotlic 
cmbryogenesis when 5.0 tic I. 1BAI 1 was added 

in hrryos 

Lrate lobtlar Ifeart cotyledonary 

NC N(i NC NG NC' NG 

7 

2 1 1
 
5 2 2 2
 

15 4 	 I 1
 

8 4
 
7 2 
 I
 

35 16 1 I 4 4
 
II 7 1 I
 

It %ISu,5,( sucrose+.5 mg L ' NAA+0.5 ing I. IIAP.
 
IV IS.3+'i surose+0.5 rg I, I NAA+0.5 ig 1I IAP.
 

toItli meditm. 	It3A ptroted callus and bud 
formation at low Concentrations (0.1 mg 1.), 
but was detrimental at higher conceutrations 
(1.1) oLg - I).'Shoot bd developllltmlnt was very 
slim when Mukdia with kinetitn at a coiceunt ration 
oaco1.25 4.0rg I iirilrlii'rc dat 0.25 .0 
t1_1I. I were used. 

Rooting of hoots and!raiisler iosoil. Wecon
t:ritic.l ot attempts to in1duce Foots onl hybrid 
shlts and transelr them to soil. Our previous 
cxperience roioting cuttings indicated that 
sutem Cuttings of rhizollatotrs speies isllt,') 
difficult to root tha sirilar cuttings ftrm 
A. http aea. 

\Ve tised I1A aind NA A at 4 concentratio s (0, 
1.2, ad4ing l-), togive 16 horiioeco:,binua

tiou.l, which were tiade up issolutions in water 
or in 1loaMghuld's nutrient solution. We used two 
piots with 'Olr"shoots ileach for cachi treattmetnt. 
We placed shoots in sterile sand, and watered 



(rounndmit 253 

Num ber of shoot uings of l rachs produced maxi in of 
/iigu'u and . raclx 5) 276233 that produiiced roots per shoot in hoth water and Hloagland's 

roots when eight cuttings vere pltanted in sand solioi. 

and treated ~ioith hormones w1sater or loa- e\Vtook I cuttings of hybrid shootstlat had 
glands solution. [(R AT (enter, 17. prie% oisly been grafted )nto A.h.hilyl,'aeuI and 

had grnon el. \V. tri,:ted them with NAA and 
N\'uilhcii tl titd I BA in a 

To ILe '7.. ut! 1 the 1,innoi)Ches 

(td dhitstit similar nainler it. ,, the prckioIs CxpCri

uin U n 276233t'_ ilnllents. Roots weru indituc..A on Iive .hoots, one of . .............. 
 v'hiejh produ(cedl In arl 40 r %,t: tw oitin 
NA.\% lA Iltfo- Iay- ','Cuks. Ioul ol the h\'hlid plants were traits

tluW1 (111!WI. I \\icu kind ,V tc hrlid fcl rcd to soil, cud t11o cslloi\\cl slight growtih. Ihe 

0 0 3 ; l 2 hyhiil plant, onl, s rvi\cd for 3 to 4 months. 
1 0 7 4 2 
2 0 7 8 2 3 
4 J 6 47 2 

0 1 5 7 2 2 ICRISAT Regional
1 1 7 7 5 2 

2 I 5 8 7 2 Groundnut Improvement
4 I 6 8 3 0o 2 4 087 3 Program for Southern Africa 
0 2 6 8 4 0
 
2 2 8 8 6 0
 
4 2 5 IRcgional (roundnut 


6 7 he I('RIAT Program is 
baseu at ('litcdze Agricultural Research Sta0 4 5 8 I 0 tion, near Lilongwe, Malawi. Oi main task is to 

1 4 7 8 5 I provide nlationa i-roun liit research [Cal n.s (f 
2 4 5 8 4 24 4 4 455 8thIn 0 

tile SLItIl Al rican I)cchopinent (oordinai8 4 (onferlceC t SAI)( "( 'countries with a con-

Total 8)9 121 51 19 tinlouis supply of hih tuility nualcrial for eval
flat itll and Lit i I ial oL ii l t heir respect iC griolind
rnut iilf)oveitiilt progra stt. () r work is thits 

then) with 10t fil (1 tlhe .slliLtiil at the starl cnceutecl pritnaril ,with dhe elfcutive broadcn
the xpcrirment and 3. It. and 17 days later. We ilce f tile 7crniplasin htasC tov'il;iIllhred'rsI 

rcordcd lt, inidiitiiim. alnd lliu el. Icicithl in 
 the reugion. Priorities are(: vested in b:.:ding
ind i;iichiii!, I l(oll,. I he i hl l of ,loot, a'id selcting lotr iiclreascd yield, quality, and 

\klsiel prtIicdM .l it c -lu .n in Iihfl 'l' carlincss, ilit Iti iesistanct ol dlicases of imajor 
'l l 1,). i, . 'iioh ts piIoilclee . . V iiillpImtaliic.
 

th u did 'l NI'i/1i ',p Ut ,3 h \tiCl iid
h OcI il 
,ltf la~ialld '< "(,]nt l l . WV1/(.11 %\(. li tl' ' hll 'r-

Oitt1l",ill tllMtS. 1i11 t lti tll (d A. !it/it- Weather alnd Growing (oniditions
,'C,' 1 ,,tul'd than 's. ilh l Ill e., \eCclCdi.ssol\ed A. ('hitedze 
ill \ 1 crl, ill V, hi l r70)/li., p 27(233 ioo 
folr i ti ll &'ihbsi \,tith u1iihli\", ii watcr. Raiiflall durig the season (November 1986 (t

hc tit'ii-titn~ttc liiti itf \AA was2-, 2 rite .'\pril 1987) v as 112(0 mi, 26% above the long 
1. V s,'itlrol si'iuiliciint clfcct atl that coilcetu tia- mean (888 mim ).i term )istribution was pol' ,
timn (d MA or of lltoaIiilk .,lititli oiL lthe with prolonged dry spells interspersed with 
inuniihur of CUtti!ui that prol oduccd roots. IHow- exceptionally hcavy precipitatiin (638 nin of 
ever, 2 itg 1, i NAA it) C0eoiiiltion sitil I Ing rain fell in )ceember anid Jlanary), which 
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resulted in watt.i loging. Yields were lower than 
expected. Ile pi of soils of our experimental 
fields varied fron4.T t 56. We iicctled to apply 

( ). at 50 kV ha 1. (O)al the hyridiatioi hioc, 

aidI+lll tVtil 111 lot rccci'cd ndiill plant 

prottectioti lilc,1tiic ti0C'ttl0l '.,all\ l
U spotiplsCN 
and aphit . I ; s ce, so%(,o ill rid MA 0( Cii, 
apa l ,tl eithr Iu-, 1: -ti spacili2, iL: Ioaccoi' 

the glowth loi itl ll(Ih t aj tClrics. 


Funial ' )isetscs 

!Iirl, la Spot v(ra.roraarachidicol 

Farl\ litl N tt i'. conitsi niti Severe at (ihited/c 

\kitlt o , , ._; i'iiiatiol(ai .i , 9oi),tltel(CRl
. I !ld ale) 70i l). I. W h,c lti unable
ave 
to idt il*V iiiv atpplcct'iblc ICv(i of lesistalcc to 
,lv l;Il spot in alilo ! the sevural thousand 
A. huwi22at! 2_,tlipla,,li lit; , oir varietics i 
.essi 'eV se ctinel I iit,:.. .iicdcrivatiscs. 
(,o il ssloch wcrc retained lol reassesslctit 


in 19 ,. 


S rectning vii(I .4rachisspecies. ()no of the t3; 
at ccsion. t,!stcd. A,lksp 30(03. showed a 
ItJih lcv': of rcsistalncc. P,eactiols werc shnilat 

to thosc recorded itn11'5 86, thK nehll twospecCiCs 
rated theIn :,,, csistallt I..1. chalie sc and 
.11k'/IL,, ,p "Ilmecte. '..telv10085) \tctto 
Ali spccic, ewt ciI ;I,, iusceroilcn,iiiciicd 

duriil thtte 

which ;ts initikllv ratcd I nodtald rsc"isltnt 

lltV scCill l c sccptiicblc. 
It scetl t il lsl/IV :Ii.1s, p 3((03 contains 

i-Sisall illl t I slatr;ian it use in int,'l-
'.)Ucilii hIvhrili/atioil. 

Viri; i liseatses 

Grolntdoul Rosetlte V"rs (GIR%') I)isea:e 

Screening for resistance. We induced a disease 
incidence of ver 995 in SusLCptiblC lines in llt 

(lN \ resistuncc screentig trsI.ery. Our sVstelI 
of sclccting lor rcsistance imtilves three stagcs. 
In the first stage, 1. ,encrat onils ale exposed itl 

the disease nursery. Plants that Ie not infected 
in the field, a mixtureofsusceptible'escapes'and 
those carrying the double recessive gene for 
resistance, are tested during the ensuing dry sea-
Sit iII the greenhouse In ile sccond stage, small 

01 3 5 Se(JS 'C takenI at rantdom fron 
each ptli. SCCdlin," s dcrivCd ifrotiu these are 
inocilatcd three tieins at 10-day intervals, using 
virulificrous aphids, and susceptible plants are 
discarded. In the third stagc. I. survivors are 
again suult ctcd to intc':--i.- (l,.1" ,'Crening. 
lhu, of 959X :L's ticd in the field in 1985/86, 
12N8 survived; 74 of hlsC SuIrvivcd 'rrCCIhotIse 
test uiring the 198f) dry season: and a linal 560 
: plaits cnterigd as icsimtant in the I98687 

licld I1,tscly. 

VXari) aud A spp screenllig.,-c.s In response 
toil a ei uest toili the ioia in luc iatiinal pro
glaii,. W1 scietteld 14 widely grown Mozarubi
can line , all werc highly susceptible. The reac
lion of lne lih c, \hlFIN, to(iRV wasunusual, Its 

tifintottls included grcatly reduced, cupped 
lc ieve, dissimilar ill all respects to chlo

rotic roscitc. Wc oiscrvcd similar atypical reac
tils in two iiainhwcari lines. Similar sylmp
tons hiave beci reported frott West Africa. We 
otlttildt that this abtnotnital atd tlarc expression 

of ( lV itinlclioti is euetically controlled. 
We included scvet Araich,. slp in our disease 

ItIttV .AreCh/i.ssp3O)003 at(lu Aachi.s'sp30017, 
tictaitcd Svlltptolll-fIcC throtighout the Season; 

thers were highly susceptible all the plants 
dcvehopcd sevec sYnptoms. Samples of I I 
plans ifA01hi's51 30003 and 12 of Arwchijs sp 
30017 were sent to the Scottish (rop Research 
Inslitute(,(' l)I or(iV and groumdnut rosette 
assistor vir s (( ,,AV) asm. Neither virus was 

dtelected in army of Ithe 23 samples. It appears 
these two species arc iintte io aphid inocula

tion of hoth CiltV and (i\RAV. All resistant va
rictics tfA./17(oca so far tested, while appar
entlv inlmune to vector inoculation of GRV, are 

suisceptible to GRAV. The immunity of Al'achis 
sp 30003 anti Arclli s sp 30017 to GRAV is thurs 
of 'great rlevance to fiture work otn possible 
interspecific hybrid resistance to both rosette 
Nr1tlSS. 
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Vector resistance. We tested the aphid-resistant spanish. Valencia, and virginia genotypes we 
variety ICG 5240 in the GRV nursery, it was observed are susceptible, but there were appar
susceptible to GRV,but the level of infection ent differences in susceptihility within each 
was considerably lower than that of the suscept- botanical group.ible controls. (ireen house tests in Malawi aitd at We elected two susceptible genotypes (IC( MS 
ICRISAT (cntcr have revealed a number of 55 an.(IC(iM 197), for studies on virus-vector 
other genotypes that are rcsistant to the vtctor relationships. Vector tra.,; sIon tests indicat. 
and that may iheady be adapted to environ- that while the virus is readily transmissiblC from 
meits insouthern Africa. . proctlhcLs to gr(und(ntit, it cannot be 

transnmitted frohm one groundnut plant toEarly-matutring resistant accessions. One of a nother. 'his s.iggests an assistor viruis systemn 
our more important ciidcrvtois is the transter of similar to that oi groundnlt rtosette, .pFo
resistaine to early-in aturing lines adapted to u'rnhcllnls being susceptible to both viruses, but 
locatl conditions. Otr initial soulces of resistance grundnit being stccptilIc only to the symptom
,oelc containlld e mclusively ii virginia tvpes, liidicirng coniponent. 'Ilietviras is not seedborne 
which nuakes the ta"l moe (liftcolt. I)uring the Iin,'roundnut. We initiated varietal screeningyear. \sc selected remstanti carly-tnatt ,1uil Iinfection with regardinip, detected tolerance 

lines de ived front oulr \ ilcrosses, and ill addi- to ',ilptom exprCssion iIl certain lines.
 
lion, purified a1 earlk -liatline West Africal
 
;iccusSiorn (K II 2,111 )L \\"c are now iiI a lsitiou
 
tomake crosses involving early-r;uring resis- Phlant Iiprovemelt
 
t:aut early-inaturing locally ad;uptcd lines, thuis
 
aceclCtrating 
 this aspect of the prograno. Germlplasin l'valuation 

We completed the evaluation of 154 germplasmCrotindinut Streak Necrosis I)isease ((SNI)) lines and accessions from the Zambian and Tan
zanian National Programs. Thirteen ef these

Wc madesignificant pr(,rcss with Studies Oi the have been entered into advanced yield trials 
ci iolopv and ceolouy of a disease hiticrto as- whilst a further 26 will enter preliminary yield 
'tillcd to he caused b trualo spolted wilt ,'ires trials. 
(I S\V\). We call this ,tonditiono grmundnut 
steak icclosis discase, alter ilic diagnostic 
1\ iiiptorl induced ill We have shownumoilutniu. Ilylrid'zation
 
that 1l1c ,miflower velcausal ;o-er'i of ( ,N I) is 

h ,blotch vi'is. 
 We completed a total of 100 crosses in the field.
 

We hfo nid (iS-;NI) ;it very I'x incidClno' at These included 12 crosses made for the Mozam
( hited/c duririp the I982 83, I083,84, and 
 biqtic National Program between adapted Mo
194 X5 sasons. Ii the 1985 6 season, we inolhique lines and high-yielding I('(iMS lines 
rcO)rIed an iiicreu scdllieidUce in ur ('hiedzc (l( (iMS 2, I('GMS 30, and IC(iMS 42): IX 
Cxpcrilort'ifl iCdl,. I however, il tilesame sea- crosses for Zimbabwe for ( RV and earls' leaf 

on]. the disCts assumecd epidemic proportions spol resistance using R(i I and I('(i'S 30: 40 
Illlarmels' liclds ill lmwr-lying arcas o! !ie ciosses for (RV resistance: 20 crosses for high
SoIuthen and (Clltral Rcgions of Malawi. We yield and adaptability; :nd 10 crosses for high 
iduitiiticd the vetot, .Aplhis o.sv.ii, mnd an yield and bold seed for the regional program.
it"Ifoant drv-season host oflboth vectom arid We made a total of 12 737 pollinations which 

i procuhcn.s. Pcal inriciderice in oiff rusultcd in 3593 hybrid poods, a 28(%success rate.rs, 1lir,.a 

li1(ld; at ( :1icd/e was closely, correlated with 
early season iigratian o: A. po.ss.v'ii. All tire Breeding Material. We received 113 interspe
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cific hybrid derivatives f'om ICRISAT Center 
for screening in observation plots. We retained 
71 populations, froi which we made ,"bul, 
and 14 sinle-plant selections Forty-two bulk 
selctions will he entered in preliminary yield 
trials. Of these, 13 were rated as good and one 
(2429-it,) ais very good lor pord yield. 

We sowed 63 F, crosses to confirl their 
hybridity and adv iueed theI tothe next gencra-
tion: these included Crosses between lines having 
good lcaf (rWGni<nI('(NIS 29, l( (iMS 30. 
Iti(iM 2S5, (A ( 136, RI('(M 473, and ('(M 
550). 

lrom 59 IF,. pilhitihns which included 
loliardiscas-rcsjstant natCrial, we retaincd 25. 
and made 3)) hulk sClcctious. I. seiehFive seleetioi 
will bc included in the IPYIs,. )1 Iresetwo 

[both Irin(.1 ,I Ac 7U) )A17uI( 3), N wrc 
rated a!, hrlusirig cot til yield pitrlenlial. 

(Gl resistalnce ',r.eirl. \\. rod 24 I 
plantl 1 ei ',tlid.i I :htl!K, 1 isiat I 
( i \ .. tI .i3I 1 a lt :rukl 3N\ cli 1k)pUlatii, mad_ 
bull ind 4 ,iruel-plai scleclioir .\ Ill lwi.c', 
toli s vsyir t scm "'i sclect,d iir ic rl hut 

vi potcutial \ill h rieCL i1 
piot 'llplot.' irl S- 7ppitilit-

h 'ir l i I ht'\ \111 e tl 
1,):" Wc stvcd l),9 

tions ill (iltV inlhciiti c tludics ilto which \e 
madc 972 ,iuglt-plam aid 40 bulk scieclitts. 

liese ,ill l srciCcniel_,.h tundtri_,t! tni 

Breeding for I [illi Yield ind Quality, 

Breeding nnilerial. We sowed 24 I: crosses 
made between genotypes having high yield polt n
tial and bold seed, tt conlirn their hyiridity and 
... ance them to hext.t gent ation. Firomn 75 Flitt 


populations wc retained 12 and made 84 bulk 
alnd 19 sinee-pl'laii selciont,.i\ ntniher ot these 
Were [-;ti d usually as e.nta It pOd yi'ctJ and 
collce'litl1CrV quality aind 1 tee \were rated a.s 
vcry pootd. Ilhesc wcrc ) l('(Ik! 45 , (haliri-
balla)-Il, (I('(IMS 42 , ('hrTlinmibtna)-ll. ald 
(('NIS 2 - lrct)-P I. 

Irtlni I IX Iu-I, nt l,.oll" c reitailec)t) 
and tiade 142 bulk anid IS Inchint s lectiutl,. 
Wec selcted 24 I. aold I,Aectots for inclusii 

in yield trials. Light selction. from the crosses 
l('(iMS I x Makulu Red, F334A-11-1 - Makulu 
Red. I('(iS 5 N Chi-Makultu Red, Robot 33-1 
1cmbani, and N'Ac 171352 - Ah 114 were rated 
as gl-ood tIr yield potential. 

Yieid tri~ds. Wc evaluated 46 sequentially 
hraiching and 73 ahrnately branching bive',3 , 
iincs inthree yield trials. These entries inclh, J 
selections made for discasc resistance and for 
high yield and quality. A number of Ohese lines 
perbinrmed well and will hc advanced in 1987/88. 

Sixt\ SCqucntially hanchnlig and 31 alter
nellCl brainchir' brCCdie livne. were included ill 
the \x ,Y'Is. Several pcrlorted well and 

,!rttw.rl potential for yield and good quality 
I able 23). WcsClCcted Cight alter fiatcl branch-
Inc 10 sCqucntially branchinug spanishlh' and 
lus otrinclusion inrc!ional yield trials. 
We c\ahatCd 12 confectionery grotindrnt 

lure' inatyield trial where each entry was grown 
\with iand without tungicide proteciion. Yield 
Iesponsc to lungicide application ranged 'rorn 
5q to 141 . NI 13. 1'I,and Itgret responded 
leatto,fJun ,'. licei ich,.' 1,! highest-yielding 
eni csIlgitblc 24).lIt h aip<rciithat confction
e yr ulintlui linc rc:t i',d ,n ICRISA I 
('Ceutel ar' v to early leafkxlsUsc,.ptihlC 
spit but ict-nid uir kctdltol fungicide applica
titn. However. sccd quality and boldness, even 
titci protectcd conditions, do not reach such 
high levels at ('hitudie its at ICRISAT ('enter. 

Regionail Mlid Trials 

I he irinia c,;ltivar trial was grown at 6 loca
its in 4 countries, the sganish cultivar trial at 7 

ltcalions in 5 countries. anid the valencia cultivar 
tial at Ilocation in cach of13 countries. 

I he \irginia trial in Mo/alnbique was adver
sclv afecClCd by the lack of r:ainfall. ICGMS 42 
\vtx lranked high at the remaining five locaiio', 
and was significantly supcrior to he local vane
tie.,,nost sils. It(iMS 12 is now at the prereat 

lca,c tcstiig stage ineastern Zambia. 
Spanish cultivar trials in Iotswana, Mozalll

hiquC. Malawi (Ngabu), and Zambia (Magoye) 
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Table 23. Performance of some groundnut breeding populations in advanced yield tria,!ls (A YTs), 
Chitedze, Malawi, 1986/87. 

NI ca t 
'li,.c to Pod carly 
Iaitlliit' yId Shell- I00-sccd Sccd leatspot

rntrv Pcdigrcc (d (tIha i) hig 7 mass (g)Color score, 

Altcrrnatc hr" richi rig"
 
x
86722 68((iV-SM ('84 20)JI'-1i N('Ac 2821) 1.44 3.24 70 47 Red 8 

I('s-SM 86725 (lSA 20 - T-V01-11: 123 2.52 79 56 Red 7 

Local Control 
.'a1,ioga
n138 2.86 72 59 Variegated 7 

St! 
 ±0.12 

I ia IIrCM)(36 entrics) 2.14 

('V ('7) 12 

Sctjricrital branching"
 
I((V-SAM 8615 (ICGM 291)P-4-34, 1I1 2.49 69 39 Tar 8
 
ICGV-S;% 86057 
 (.1 II TG 3 - NC Ac 17090) 130 2.48 74 48 Tan 7 

:5- ),.. 13I
 
lc'6\-S\l ,6,6; ((Joldii I - ",i/iiu 1-5) x 126 2.36 69 35 Red 8 

(MNh;itrcdij M 1+1i-l-tNI 
I(, V-SMI60051 (2328)I 1,. - 118 2.191 1 74 41 Red 8 

Local colntrol
 
Malirtiba 
 105 1.69 77 27 Tan 8 

S d ±0.056 

frial nicai (64 cntries) 1.71 

('V ((1 ) 6.6 

I Scoild at90 I)A,,on a 9 scale. whele I io disease and 9 50 100"; of foliage destroyed.
 
(() lattice, i/C14.4 i .
plot 


3. l ttice, plot S,, 14.4 1 -.e 

wcrc adversely affected by the lack of raitfall, solving the groundnut pest problems of the 
Ilowever, ccrtair entrics showed promise in the region. The objectives were to survey farmers' 
surviving trials an(dl( ( MS 55, ICGMS 56, and fields to find out which insects were likely to be 
IctIMS 58 gave consistently high yields across causipg problems and to work with the national 
locations. programs to carry out experiments to determinc 

the effects of these insects on y:oundnut yields. 

Insect Pests 
Sarveys
 

An entomologist was tranferred from ICRI-
SAT Center to the Regional Prograrn for the Detailed surveys were carried out in Malawi,
1986 1987 season to foliow up requests from the Tanzania, Zambia, and Zimbabwe. Botswana 
SAI)'C national programs for more input into was visited but not surveyed in detail. Previous 
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,'lable 24. Response of selected confectionery groundnut lines to early leaf spot (Cercospora 
arachidicola) control', (hiledze, .N1alaii, 1986/87. 

IPol ~d t ha I) Response mss (gic 10))-s ziJ 

--- - s pra _.. Seed
 

Fnt r, - spiav * spta, 1 ) ,lp;Iy ,Splay color
 

13 3.38 5.37 5.x9 (05 64 ln 
1f) 3.34 6.16 84.4 51 53 Tan
 

Igret 3.75 6.12 63.2 51 54 Tan
 
I I Y,)t((W ,1)-02 3.07 6.29 114.2 58 64 Red
 
IIYQ(('(i)S-5 2.44 5.90 141.8 47 59 la n
 

I oct Cl !I til
 

('ha limbana 2.17 4.27 96.7 

SF -0.23 

SIialmeaIn (15 entries) 2.71 5.54 
('V ( ) 9 

2I I2h-ph I( I iI )ii/cLd CitjifiCt blocks, s.ub-plot sue 14.4 in . 
° 
hOtIPto ',2. ('h101 u IaLconuil 2787 applied nine tiloes (at the late of 1.2 .:ga.i.ha'-) at 0-day intervals bcginning 42 I)AS. 

Table 25. Sunimary of survey data on insects associated with groundnut plants in three countries of 
southern Africa, 1987. 

Malawi Ceitral Zimrba h,,c Zambia 

Central and North South Central 
(early seaon) (early rnlid Cason) Fast (midseason) 

Number of ields 18 29 13 I1 
Mcal luc d siet (lha) 0.54 0.44 0.48 ).77 
Meanl plantS fild ( I0 ) 223 664 228 650 
Meal; paints hat 1 ( It) ) 41 150 48 84 
White ltb" (100 phi nts,) 533 (t77)1 394 (±64) 107 (±25) 154 (±59) 
Millepedes (100 plants) 1 254 (±63) 14 (±05) 17 (±79) 35 (±15) 
Wireswlons' (100 plaits) 238 (±56) 35 (±08) 39 (±07) 66 (±22) 
liOr-I/ih sp (110 plaints) 2 (±12) 45 (±21) 45 (±19) 56 (±22) 

.Anrtcorns (1)00plants) i 232 (±28) 13 (±07) 58 (± 17) 214 (±49) 
Mean pods plant (0 104 (±19) 140 (±14) 44 (±15) 
)anaged phints (1, 33 (-r07) 61 (±16) 112 (±23) 

Roots dmiinage (1 1+) 276 (±45) 191 (±37) 377 (±51) 
- ,
 

o tl;iuej1. \Wilk, orl N ( idac I talscwirenoins tIcnebrionidae). 
2. iaul ale plaills, affectcd h1 these taxi. 
3. Nillnb'is it pa lrlhescs crei tandard errors (SSFs). 
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~ l',: t~l.'id"~ltiill file lioni-
llc. llc.d t 111i1(dk . Ikc'.illkii ii,,ccl inpuraillTi. 

ct .'d ,A I 'iii, tc i ltoI'<, illtd \i' litr iit a, 
i. 1)1 iitk lti C'i,. 

'M ll 1'J h11lC, :l Iillm c'oln~llaint,t~~l+ ! %l., ;r, 

tI, ttoll fitti piio llctimi it siiuthcril Atric'i.
iId tillilcs ( AIh'li!.;lt( ,,pt)i ttck 2roltlt utt 

I)Ittill i ll iit htltcolldit li il, hcctitc th tlc is, 

* litti11c " ttitetit- to1ttat..,clsif fl jjl0" 
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O killi mlttltic 

L';il Il ll 
O lhK' ititt~lltti 

i'i ct i ci 
slt'ics (t ;Ilt with iiiccticidcs 
alil inclc ill ttc iiilte attaick. 
ifll iiint!c,clil<,ci hK stil iitsccts; i~s 

rciilctd to tlic intclnsiV ill citllti'lttlli. litcct 
\.crc lcss:, (f i fi inlields coinig olt ofpliibic) 

talluw lltl in shiftilg afc1_ l1ii in the_icoultoi-

itnte nsic aricult ural SLOlC of'CCIIt aFil%avwi 
and thc /.iihahwe coonunal lands. 

0 (Ile dtcl-stv of theus soil insect specics is ,vide, 
cs.pIcCiallv that of while rlubs and termites. 

Regional Iroundmii inl 
mprovement Program Ifor 

W est Afi'ell 

Ihli ( ilu ndtlut 1IIII)l i nCitl PllogrImI Was 
c1Sth!iSlicd it lfie I R iSAI Sahclian Center 
O( ), Niainrcy, Nieir, i'fi Septeibcr 1986. with 
[L i oillllicilt ( f lla a ,lrloilist. A brekder 
and ;a oatlloutist led ro 1m nllJanuaryI;oinc thc 
1987. Wc lormulatild and prcpai-cd rcscalch prl
ecuts 1ti cIVIcTr all the litjliu acICtI of ftilc pro

posed plillN . 
()ii l t~t. ctcliclrtc at tlrcc loca

lhuts Iii Nicr: IS(C tt S;RIdr ( 13' IX'N: S08 min 
iiiclii ai t i 11to Inslitut nationaltl;iiiilill), 	 o c I 

i rcclucaitiitniitcc dc Nic(Iil 	 N RAN) sta

lil tit al). tiil [lithe I 'I,\NRA tlta liii at N rad ( 13 
28'N (i,42 Illll uItciI ll ilillial rair;iHtll ). 

"ttieW c s i iLt t tCato't Cll igtu_ i0l H t)ll1 IlSC'l lC' rC' Mdarl w ith llal ll il llmll Ill Bt

kilit I aso. (itilic;l, N ali. Nigc., attId Scin'ral. 
\\ t k tcd cllllliuitiltiiiiti ;vc rcscarc'h with the 
P cait (Collahori",il\'c cR . arli S'-upport Pro~

lil) I"Caliill -(C itS l). 1n1tilut Jirall';alis (it' rc

clhc1iclic sc(ieiitlijttc p itr Ic d16vcloppullclnct lt 
0;0llliettilln (ORSl 0,M). 1[l.tit t dei rechcrchc. 
ti l l It'.' folies' ctl (& l tli c'lix (I I 1tlt ), atnd .Cell-

Ir,' (ct_,ittllflUlulilil ct 1l0ppliatio elldc' 
lgrtii ecll~liil c't hvtfto log#ic' ,(ipcrat inneliicrtl)l.+_ 

(A(6 (If YN1I I . 

Istl sical r:is 

D~roughtl 

Screening (of germplasii for drought toleraiicet. 
Sit Of thc lit1Cs it itc 1987 internationalt 
rillvliht trial from RISAI( 'eliletrgayve hier 

http:Im-1/rt.os
http:utidscastu.il
http:cmii]l<.tl
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haulm yields than the coitrol cultivar, but none 
of them gave pod yields as high as the control. 1.3 - R1) S 

-
TS 32- e -0. 1 pods ha ield R-which gave 0.91 . --- Fl
 
screening methods 1oevaluate genotypes for - ....PAR P
 
resistance to drought ar being developed using .2 _.._
 

cultivars wilh kniown lcvcls of tolerance. - SP
 

Soil and Water Management 1.0-

WeCCVialI i t(Cd tIeCpeCrOH IInu (IIIoIttwo groundnu11tI 
cultivars (28-206 and I('( i( H 30) under three .-

cultivation mecthlotds at BngCttott. 'lied ridging, ' 
1.29 t ha dried pods) was sigiificantly superior .- : " 

to 1)oth hroad cd (1.17 t IhaI dried pods)and flt 
Culti\ati (I.110t ha 1dried pods). 0.7-- -- ......... 

0.6-
Plant Nutrition i 

0 20 40 
-1)
are sandy, poor in nutrients, 

low ill oatter, and have a low bulffering ur 6. f (f various of phosphorus 
Soils in tfit ,-,abl Phosphorus (kg P,05 ha

organic sources 
c.,naii'. WVL initiated studies to examine the 

and rales on pod yleldof grotindmnl viarieties 55437 
ilporta nCe oi Valiouls mineral nutrients ill and I(G 5(E) 30,' IS(. Sadort , Niger, rin) season 
groindilnut prodtuctiOll. 1987. 

Phosphorus. At ISC, Sadotr, vc compared 
tilrC SOUrCCs of rock phosphatcs; l!rc-W rock importancein nlor groundntut-producing areas 
phosphate (PRU).,lathoitarock phosphate(Tl",U) of lBurkina Faso and Niger. in collaboration 
and IarC-W partiilly icidulatCd rock phosphate with such nationtal groundnut progra'.: as the 
(PAR IP). with s;ingle su;i :'rpho sph:itc tSP) and Ulnivcrsitv of )uagadougou, Burkina .+, and 
triplestpcrlho)sphatc(" "'.lP)at20and40kgh; INRAN, Niger. and international groundnut 
1),()0,on two getnotypc, programs such as I and Palanut-CRSP..i-437 and IC(;F(F) 30. O-l 
Increasincthe to 4fi atc of' P;application from P! 
kg P), ,ha (didnoit r,:sult In inincrease in pod Burkina laso. We examined 64 groundinut 
yield when 1 waS appli.d as TR )or PR P. iO w- fields in the eastern, central, southcentral, and 
ever, when SSl', iSP. or P'AR!P were applied at southern provinces of the country. Farly leaf 
a r_:tc of 20 kg l)1, ia1.therc was an increase in Spot ( C(ere.scora acLh'I)hi'icohJ ) was severe in 

pod yield (Fig. 6). 1ic effects of different P nearly all fields in the eastern, central, and 
treat ments onl haul muyield ',eresimilar to those soit hcentral provinces. L tc leaf spot (Phueoi
observed on pod yield. Si1,,,'sis pesonIta ) and rust (lIjccin';1 arachi

dis') wt re serious onh'in the southern provinces, 

ihiotic Stresses especially oinspanish types. We noted a high 
incidence of peanut clunp in some fields in the 

)isease Surveys southern province. The incidence of GRV was 
low during the 1987 sea: on. Other diseases 

We surveyed groundnlut diseases in September observed during the survey included pod rot 
1987 to assess their distribution and relative (probably Rhizoctoma solni from our field 
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obsrvation), Phyllostict a leaf spot (Phylo~s"ict Table 26. Effect of fungicidal control of foliar 
aracltidis), collar rot (Aspeigillus ;':~,'er), af- diseases on pod yield (t hai) of six groundnut
root (A. fiavs), leafscorch (1LLptsphacrohflU1 cultivars in trials' at three locations in Niger,
crassiasca), zonate spot (causal agent unknown), rainy season 1987.
 
witches' broonn (mycoplasma-like 
 organism), rainyseason_1987.

bud necrosis( ISWV), and peanut mlottle (PM V). 
 Sadlonr Betgotui Maradi 
Alcetra sp fantily Scrophullariaccac), a para- w. sW,";: wSVs \V 

sitic liowerine plant, was observed on grokiltd lit I
 
in the south. 
 55-437 0.65 0.72 3.60 5.44 0.75 0.71 

28-206 0.43 0.40 3.07 4.02 0.10 0.11 
Niger. We examined 57 ields in I)osso, (ava, 796 0.53 0.53 3,63 4.93 1.11 1.17 
Maradi, Matanevc,eav. anti /indcr areas IS5o32-1 0.88 0.93 3.8, 5.05 t0.81 0.85 
Nigel. There wkere sc\ lec epidemics of GRVv liS II 0.7() 0.71 4.49 6.18 0.50 0.53 
(prdclominantly green) bet ween NIMaradi and /iln- 41 0.53 0.53 2,57 2.85 0.24 0.25 
der (tup to 100(:; i, cidence). Ical spIos (predoto- SF t0.09 ±0.26 ±0.05
 
inantly late leaf spot) weric observed in almost all Mean 
 0.62 0.65 3.54 4.74 t.58 0.61 
fields but were only ilIiportant in (ava. Pod rot 
was severe in ntany locations, especially in ,0.03 ±0.l5 -0.02 
d rought-affected areas. Seeds \c crextensively CV (ci) 29 11 19 
cohui/ed hy Aspcrilhi., lat'u.s. Variability in 
Crop growtlh (ctioiv illik liow,) was severe ill 1. Split-plot design with spray treatnents as main plots andfCulliars as sshplots, 4 replicates, main plot sie,45 il 2, 
tuaV fields near Ilirni N'Koiini, lkosso, Miadautla, stplot siue m-'. 
N,aladi, and /.irndcr. (01thr diseases observed 2. Water spray (WS) and funrgicide spray (FS) at 15-day
durting the sutrVey ilCludCd lust, phvllosticta leaf intervals. Fic sprays applied, three of carbendaiitn ll
spot, leaf scorch, /onate spot, collar rot, afla- by of chlorothalhtil. 
rot1, peanut clutm), peatUt mottle, and witches' 
brototm. 

at Sador;and 12.2(;( at Maradi. However, at 
iengou it was 96.5% and resulted in a mean yieldYield Losses from Diseases loss of 24%. There was no yield response to 
fungicide at Sador or Maradi.
 

We condlucted fielo trials at 13ngou, Maradi,

and Sador& in Niger during tire 1987 rainy sea- Seed and seedling diseases. Seeds of the cul
son to assess yield losses from foliar, seed, and tivar-55-437, treated with four protectant chemi
seedling diseases of ground nut. cals and untreated seeds were sown in replicated 

field trials at ])engott, Maradi, and Sador.Foliar diseases. live West African groundnut There Aaas red uction in plant stand at Bengou
cultivars (55-437, 28-206, 796, TS 32-1, and 47- (23(1"), M aradi (26(%), and Sador (27%), which
 
16) and one ICRISAl-bred cultivar 
 ICGS II wa., largely due to Aspeigillus niger,A. flavus, 
were given two spray treatments: water (500 I. Rhizopus spp, and Fusarium spp. The !oss in 
ha ') an(] fungicides (carbendazim at 500 g a.i. il pod yield was considerable at Sador6 (24%) and 
500 1.of water ha -l and chlorothaloil at the rate Maradi (19%), (Table 27). 
of 1.6 kg in 800 I, water ha-t) (Table 26). 

Both early and late leaf spots were severe at 
Bengon, but only late leaf spot was evident at Epidemiology of Leaf Spots
Sadore and Maradi, and lie disease severity was 
low. The mean percentage leaf area affected for Sources of primary inoculum. We observed
all genotyps in the water treatment was 10.5% late leaf spot development on off-season (March
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Table 27. Effect of seed treatment on plant stand rnd pod yield of groundnut 55-437 in trials' at three 
locations in Niger, rainy season 1987. 

.Nadorc 

Plant Stand Pod yNicld 
lrcitncnt + (11 2') (t ha' ) 

Thiramn 75,' WP' 23 0.5X 
1hioral- s 22 0.56 
Apron'" pus 50 I)S 21 0.57 

7laiHttin" 50(1 W\"1V 21 0.51 

(out rol 17 0.45 

S,1 +1 ±0(.6 

(V ((7) 8 23 

2I Randoini/cd block design %l\ah 4 wplitatcs. plot sic 5 ins. 
2. Sced Ireated milth Ccd-plotcct t biolllCilk ill t i later of 
.3. \tcdtsiCId 20 I)AS.

-1. ll't~ i ll dcr jlplld ,
 

5. 1ctNInIcIhN lthlm mlln dIlplphdt' (25', 1 c 'hul 120' ). 
tll/l i) ':laI. i (14';1 ) I ct'il.\\0 ( .1 calurhoib n 1 ; 

7. (o ;i lil. 

June) groiundiut crop, at MaIradi aid early leaf' 

spot on volunteer groulidinut plints at Blengou. 

[hissliggests that the two pathogens can perpet-

1iate on off-season crops arnd oni vollnteer 
plainls. Inoculation of feld plots with infected 
crop debris colIected during tIhe previous season 
retsulted inl an a 'utppeara ncc of the disease 
than in noninoculat, . lots, indicating that crop 
debris cal provide an uocIlun source for suI-
seqtien! crops. 

Insect Pests 

We established a groundnul, pest-monitoring 
plot at Btengou on 28 June 1987 to identify pests 
and to letermine their population density and 
seasonal aobuniance. We monitored the popula
tions (if aphids and leaf hoppers (jassids) with 
yellow sticky traps. Their density remained 
below damaging levels throughout the season. 
The millepede population began increasing with 
pod formation (14 .July) and increased dramati-
cally until pods hardened (9October), when 39% 

Btcngoii Maradi 

Plill Stadl 
(11 

Poll yield 
(0 ha 1) 

Plant stand 
(11) 

Pod yield 
(tha ) 

21 
22 
19 
22 

3.54 
3.45 
3.38 
3.35 

15 
12 
14 
14 

0.71 
0.66 
0.57 
0.70 

17 3.32 1I 0.57 

±1 ±0.22 ±1 ±0.04 

8 13 21 II 

g kj I sccd just before sow'ing. 

olpods had been daiaged. The milltcpede popu
lation then declined. 

We monitored the triMite population using 
wooden haits (25 cn x 25 cmi × 50 nni) through
lult the season. All baits were attacked by ter
mites by the second week after emergence. Iilow
ever, there was no crop darnage until I I August, 
after which it increased until 45% of the pods 
were damaged by 2 October. 

Thus, in 1987, millepedes were the major pest 
constraint to groundnIut production and termite 
scarification was recognized as being important 
and likely to be conducive to aflatoxin contami
nation. 

Plant Improvement 

Genotype Evaluations 

Groundnut Cultivar Trial at ISC. We grew our 
yield trial at three sites: Sador6 (with light sup
plementary irrigation), Sador6 (under rainfed 
conditions), aid at the INRAN station, Maradi. 
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Table 28. Performance of selected lines in the I('RISAT Salhelian Center Groundnut Cultivar Trial, 
Sador6, Niger, rainN season 1987.' 

inlfed Irrigated 
Pod tLa11hn1 Pod I filldi 

(ienlt\pc 
,ield 

(tIla 
icld 

(1 hi 
,";h ly, I00-secd \told 

(,1 tass (p,)It ha I 
yield 

ti i 
Shelling 

( ) 
100-seed 
mass (g) 

(.(iS 1 0.73 I 1- 5) 37 1.-7 2.36 66 38 
1((GS 26 084 .13 55 42 1.59 3.04 04 44 
1CGS 56 0.74 1.13 60 34 1.9-1 2.34 68 41 
I('(GS 76 0.54 (.35 55 .3 2.11, 2.91 66 53 
('(iS 82 0.87 I.5 51 45 1.95 3.20 56 46 
1('(( V86529 1.24 1.59 63 39 1.1 3.23 58 35 
(I('(i 1'RS) II 
I('(C((GS) 6 0.79 1.54 45 42 1.89 3.46 57 46 
I('(((S) 57 (0.63 1.20 54 44 1.53 2.67 55 46 
I((I IW7 0.62 1.43 38 24 1.21 3.97 36 27 
( ' o[IIls(1 

55-137 0.57 0.62 63 26 1.50 2.41 67 32 
1 177-3 (0.62 0.58 58 29 1.65 1.92 66 33 
I S 32-1 0.87 1.)1 57 32 2.78 1.75 67 35 
.1 11 
11. 24 

(.06 1.24 63 29 
1.52 3.64 57 36 

W 1 9 0.61 0.58 61 31 1.54 1.97 66 34 

SF ±0.1( ±0.13 ±2 ±2 ±0.16 ±0.25 ±2 ±2 
Irial mean (25 entries) 0,72 1.22 53 34 1.57 2.88 58 37 
CV j ') 33 26 (0 14 26 21 8 15 

I. 5 - 5 latticesqu vttlh 6 ieplie ;c ,,phl siie 8 m 
2 
. 

Whcn no data is reported, it indicates that the seeds of these two lines were also larger than the 
rainfall was unsatisfactory. I(i(iV 86529 (ICG control cultivars. ICGMS 2 and ICGMS 21 had 
(PRS) I ) gave a higher pod yield than any other good pod yields and high shelling percentages.
line except J I I in the rainfcd trial, and per- In the alternate-branching cultivar trial, IC(
formed quite well in the irrigated trial (Table 28). MS 38, ICGMS 39, and ICGMS 42, gave pod 
I(CGS 7(, !CGS 82, ICG(('(;S) 6, and ICG(CGS) yields equal to or better than thc higher-yielding 
57 had relatively large seeds, compared with the control, 55-437 (Table 29). The haulm yields and 
control cultivars. IC(i 1697, which has drought seed size of ICGMS 38 and ICGMS 42 were 
tolerance, gave high haunm yields, but its pod larger than the controls. The performance of 
yields and shelling percentage were tow. these lines during a 105-day season at Bengou 

(shorter than the 150 160 days in Malawi) is 
Material from the ICRISAT Regional (ound- remarkable. 
nut Program for Southern Africa. In the span
ish cultivars trial, IC(iMS 5 and ICCMS 13 Yield of interspecific hybrid derivatives. We 
performed particularly well, giving significantly evaluated 25 stable interspecific hybrid (A. hvpo
higher pod yields than the control 55-437. The gaea x A. cardcnasii)derivatives for pod and 
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Tablr 29. Performance of selected lines in the SA DCC Regional Groundnut Cultivar Trials' 1986/87, 
Institutl national de reclierches agrononmiques 

Pod yield 
(icnotvpe (tha- ) 

Spanish 
ICc MS 2 2.20 
ICGIMS 5 2.52 
I'dGMS 13 2.44 
ICGMS 21 "'34 

(_*It)nI,~ 

55-437 2.00 
28-206 1.47 

SE ±0.15 

1rial mean (36 entries) 1.69 

('V ((.) 15 

Alternate branching 
I '(;M S 311) 2.71 
1('(iMS 39 2.50 
IC(IMS 42 2.60 

-437 2.50 
28-206 1.85 

S F ±0.21 

1rial mean (25 entries) 1.82 

('V (7) 20 

I 6 ( and 5 - 5 triple lattice, s/e tiphl n-. 

hanilm yields in a replicated trial during the 1987 
rainy seasoni at Bengon. 'I he entries significantly 
outviclded the control cultivars in both pod and 
hatlin yields (Table 30). 

Scree:Aing of germplasm for adaptation. We 
received a sample of 500 lines representing 75 
groundnit-growing countries from the Genetic 
Resources Unit ((RIJ), ICRISAT Center. We 
received about 40 seeds of each line; the samples 
were dividet in two parts, and a 2-m row of each 
line was grown at Sador, and !3engou. lke atise 
of the small sample size and the known soil 
variability, we sowed every alternate line in the 

du Niger (INRAN), Bengou, Niger, rainy season 1987. 

lItaun Vield Shelling 100-seed 
(tha ) (() mass (g) 

3.05 09 36 
3.49 63 59 
3.18 66 50 
3.40 69 37 

3.17 67 34 
3.49 61 36 

±0.44 t3 ±2 

3.84 63 45 

20 10 7 

5.24 69 57 
3.49 61 50 
5.61 54 61 

3.34 67 41 
4.56 60 36 

±0.50 ±4 ±3 

6.18 57 48 

14 1I 1I 

germplasm trial with a control variety (55-437 at 
Sador& and 28-206 at Bengou). We compared 
the yield of the gerrnplasrn lines with that of the 
control rows on each side. We established string
ent selection criteria to identify lines that per
formed better than the controls. At Sador&, we 
selected lines with a mininmum pod yield of 2.0 t 
ha- ,a linmmrn shelling percentage of"65%, and 
a minimum of 120 , of the yield of the two 
neighboring rows of the control variety (55-437). 
At Bengou, we selected lines with a minimum 
pod yield of 2.5 t ha-', a minimum shelling per
centage of 67%, and a mininmum of 150% of the 
yield of the control variety (28-206). 
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three groundnut necrotic lesions on their surfaces. MortalityPerformnce ofn 	 'efoiacTable 30. "|'ablewaof 	 evien chresgoennu 
interspecific hybrid derivatives' Benigou, Niger, was evidcnt in nanv cases.
 
rainy season 1987.
 2. Plants were severely stunted, bushy, and dark 

Yi'd. (t ha. r) 	 green, withlmild mosaic symptoms on youngShelflng leaves. 
(Gc~otc 	 IL1 ,a ((leJ)CSPods 	 hns 

CS I I 82 14-1 1IM)- 5.60 6.96 71 3. Plants severely s;tunted, as in category I, but 
799 (82 - 34-9-' 5.16 6.1.4 07 older leaves showed black necrotic lesions on 
CS 52 (82 -34-91) 2 4.81 .53 69 their margins. 

Contiols We did not know what caused these symp
28-200 3.81 4.69 73 toms, but suspected lack of organic matter, soil
55-437 4.23 4.56 73 rIutrient imbalance, and biotic stress factors in 

S-F.0.31 ±0.61 ±2 	 the soil. to be possible caues. \Ve initiated at 
multidisciplinary research project that will iden-Frial mean (25 entries) 3.09 4.33 68 	 tify and hopefully eliminate tle constraints 

C'V ((;) 1 2-4 6 	 involved. 

1. RIl';ldollli/u., hloc), %%ith 1 I'cplicatce,, si,,edesignl plot11 l. 	 Occurrence of peanuit clumI) virus. Peanut 

2...Ira,ho /,,,(a, . /,10 dlcriem Clmp virus (PCV) detected busily, darkaol 1.1 OwhlaklU ta',. 	 was ill 

green, stunted plants 1y electron-microscopy, 
FLISA tests, and the inoculation of indicator 
hosts. This indicates that PCV is one of the 

We selected 64 liiies that perforned relatively factors contributing to the variation in crop 
well at Sador( and 28 lines that performed rela- growt i (see 2 above). 
tively well at 1lengott. Most of these lines came 
from only 19 oftlie 75 countries oforigin. Oftlie Plant parasitic nematodts. Soil samples col
thee liines from Swaziland, all performed well at lected from the rhiizosphere and gcocarposplierc 
Sador& and one perforined well at Bnrgon. A of' affected plants contained "',lenchorhynchus, 
good proportion of thc lines from Australia, and HleliCotylenchus. Lotigilorus,and Meloidogy-ne 
a rcasonable number of lines from India, ISA, species. The pathogenic role otfliese nenatodes 
and Zaire also performed well at Sador. Wve will in the current context has not been established. 
test these lines and other germplasn from selected 
coIuntries of origin in the 1988 .ason. Effect of fariyard nanure and cartofuran. 

Farnyard manure ( FY M) at 0, 2.5, 5.0, 7.5, and 
Investigations on Crop Growth Variability 10.0 t ha-' had no significant effecit on crop 

growth and yield. 
During our surveys in Niger in 1986 and 1987, we We investigated the effects of soil treatment 
observed large variations in growth withiri fields, with carbofuran, a broad-spectrum pesticide, on 
especially in sandy soils. The affected plants crop growth variability at Sadore. Crop growth 
usually occurred in patches, intermixed at ran- in plots treated with carbofuran at 2, 4, 6, 8, and 
dori witi apparently hcalliy plants. We observed I0kg a.i. Ila-just before sowing was more than 
three distinct types of syiiiptcmns on affected innontrcated controls. 
plarnts • 	 Itafurther trial at Sador, soil treatment with 
I.Plants were severely stunted, and chlorotic, I0kg carbofuran a.i. lia- I and 10 t FYM ha' 

with poor shoot and root dcvelopinent. Necro- resulted inthr-c times the pod yield and twice tle 
sis of roots was severe, witi sh redding of cor- iaunliyield of the control plots ('able 31 ), but 
tex tissue. Pods were few iinnumber withi treatment with FYM alone was not effective. 
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Table 31. Effect of carioftrn and fartr, ard manure (FYM) on plant height and yield of groundnut 
55-437, Sadori, Niger, rainy season 987.' 

Yield Htha I) 
Plant hecight (c1104 Irrigated Rilinfed 

lreat.netl2 	
Irrigated Rarlcd Pods Ilauts Pods Ihalnis 

Carbotirai + Farnlard manure 25 16 3.04 2.55 1.75 1.23 
(a rholunarl 21 15 2.14 1.30 1.67 1.05manyardmanure 14 10 I. 10 1.03 0.78 0.70 

Control I I 8 0.84 0.80 1.66 0.61 

SI ±2 ±1 ±0.20 - ±0.064. 0.10 

CV (;) 24 22 27 25 16 14 

I. 	 Ranltmuied bhotk dcsit n ith t, wpicat_, olllde iltigatloi.1 1ad 4I iCplica SctIndCr Matih'd C0 dith ns, phl S/ 16 i . 
2. 	 lIt kg a.i. caiholuran ha I and) li t h I I l'tM . 
3.	 \eur ol isc plants pc reph'atltin. 

Screening of pesticides. We evalated the tilh- gated conditions at Sadore. I)ibromochlorop
cacv of four pesticides: di hroniochloropropa tic ropanc was most effective in re(ucing the vaia
(nrcnaticide), dazonct (general purpose soil tion in crop plrowth and increasing the pod and 
flmigant), carhofurrn (insecticide and Il mali- hatilin yields tinder irrigation. Aldicarb was 
tide) and aldicarb (biocide) in controlling the most effective inder rainfed conditions (Table 
variation in crop growth, under rainfCd and irri- 32). Plots treated with dibromochloropropane 

Table 32. Effect of four pesticides on plant height and yield of grolhndmit,55.437, Sadore, Niger, rainy 
season 1987'. 

Yield (t haI) 

Plan1 height (Ctll) . I IriiatIcd Rarinled 

Trcatrncnt2 	 Irrigated Rainfed Pods Ifahlrirhs Pods IhlhaIlns 

I)ibromuchfloropropane 	 32 15 3.85 3.41 1.86 1.78 
Daonict 25 12 2.89 2.59 1.10 1.00 
(iarbufuran 17 14 2.50 1,98 1.6 
Aldicarb 18 18 1.97 1.71 2.55 0.96 

Controls 12 II 1.19 1.09 1.09 0.92 

SE ±2 ±1 ±0.33 ±0.33 ±o.12 ±0.20 

CV (§"',) 	 23 12 27 30 17 30 

1. 	Randoniiied block design with 4 replicates under irrigation and 5 replicates rutIer ailt d contditiOn.s, plot si/C 8 Lw:. 
2. 	 Dibroniochloropropanc (at the rate o 2) I. in 85 I.ol water ha'), carbolran (al 6 kg a.i. hl I) and alditarh (at 4 kg a.i. ha - ) 

were applied to the field plots on the day of sowing. IDalomet (at 300 kg ha1) was applied :5 days belore soving.
3. 	Mean of live plants per replication. 
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(rrigated conditions) and adicrh (rainfcd con- Iuropean Economic ('oInnIflLIIIity (I I(). FAM, 
dition:,) showed vigorous plant growth, as assess- the International l)evopnwcnt Research cntre 
ed by the plant heght, rout length, and n uml ber (II)RC), the U,nited States Agency for Interna

.of laves o:aLtI in ste all( ' p(ds plant - 1. lional )eveh)tpm-n! (1ISAI)l, and Winrock 
Nidulatiop wa-, good. Plais in control plot., k!telllatiOllal. Ihe discUSsions ccnc-cd around 
Aclt untt2lidand ch otoiic ,. ilh lev c(TcIyliclVos,.,d idiiatintg and ,tieCngth niir riationshlps
rol S) steoms. bc'wccn do-Iol,r .::geciCs and I( '1 'AT to avoid 

Molt of the pcsticidtl .'c'd(kin) thi!, Stldy ale duplication of efforts. 
ral hiocides and tiw aI,,i * know,'n to in l lcntcC 

lh, phyiohakal pio,'.SC o1 Lhu plot. Ihe rca
olrl the pisti', e Ot,Felsclop tlu I h Sari- oetrr_"andtrfIlJerstatt ;filg

ahlilit Ma:t nr hC '.toi ICh) chlt~ A ;ttc. 
Ud 

Allbloh IiSR I.;, I has been collaboratingw~thF "ffei s ,Ihi!N..!!t. w,Wf !her C o;t W"l,,, ,win rics in tihe past, Merroranda 
nilittant dil i,:ltCs ill LI,1) Ltio(M th and -tolS aud 'l UI crtl l iltt (1N()l is) r signed, to fIcili
hatrll, :i , ,c cllc t t ;t.ll'd tand:lotlsllI- tal' the tlCov icIll l i IllaIe.ial :.oo scicnti.its for 
iNl ploht collaborativ cylvciah lctiitics. I)ttring April. 

the I)irecio: (icnelai ,igned all %!)t with the 
Ministcr lor Agricutllrlal I a)cioplll':ntRCand 
s. atch. Sri lanka: and in l)ecciiher anotlet(ooperative Activities witti ,he Secctars' 1Aglitculturc. tits Maj ,:y's 
(;)\crnitclt of Nepal. I he I,( ) 's wih lIndoile-Asia11 Graili Iegutlies Netwo)rIk(AG[N) iA and ihe Peoplc's Repuhli. of ('hirot were 
le isti.." alll; to he 'ieit41 l e tlv in, nc expected


Ilhi \tI \, ', <etal~ljbliht 
 in i ),(,'is ar ,CNitii It)'\ I here tic itlrcw (\ MmI s itlh Ha!llla
[Hit 1 _olllil dli l j ol I iltdt 1) tillt' (',nsuillati\, 
 di.,h. litullia, P;akislan. the Philip~pine, and
 
(ilmI!' ,]C ' A '!a[)lrl tw.a{ lM Rc',Carch ol, lhailand. 1)Ullillt a"
:\M R he Vilt.: initial LtntaCt~s Nvert. 

W inn I atw rmt in NO' (l(' R I .\nntid;l Re- csttahlisltd ',ith Aflhanistan, !lic )ezaocraiti:
 
roll lUe:i. p. 1 andl su) lwll, atilid bs 
 People" Republic of Kttrea and V'etnatn.
 
the an.di t \1 tig otn (ilai,'
iM olalring' 

I '..tuites it It A itattl
I ) \ nn\l RCport

N, p.173), Its bared ihtAWi is, I) l:cilitate -),
\,'ak 'Iins
 

to fl..'anmd is m ia~u of app ;opliatc %ali-


CiC' anLd keetnogi ie', , ienCsC prli diteiO ,"cctints s;.rc held in HBangladCsh, Burma, Nepal,
"Iotti'ultlt. cl, netl. and pigcollp, a ill the Asian and "ri lanka to develop detailed yearly Work 
reit, including he ht ot c uttniy, India with Plans bearing in mind constraints to yield, and 
wch It. P, I ILa a slccial UL,!ttiinship ill- resca lccdhedin) each coIIV. and their capa
v\lite riian cill:tlrtisc ,tidic t with (AR htlitics. Requi:eincnts for training and speciil
sC ilt Is t . rv,_arch projects have also been imcitfied. Tbe 

!lic V IN ciiirditatol had jisitls with A.,i'ut Ic\velopru:tnt Iank (Ai)B) has agreed to 
d(iiiir apn , atillt'mtitution. in the regult, provid linancial sjpport to llese Four sooth 
notltl\ the AM('l R, co'n,,icit aut Sig ('(im- Asiitn coultric., to ernableli: implementation (f 
ltti-sifl for Asia ill 1d Ihe Pacific ( .AP)P hthei ik Plans and cach country has identi-
Regitnal ( 'otidinaton ('tmr to- ecearch anc tied cordina.tor(s) who will !iaise with A(iLN.
I)c\clo:'r ill of (oarse Pits. Rools,( P;se. A special Work Plan for Pakistan with emphasis
anid llt: - (l-ops n :lie I lumiti Iropics ot Asia tui pgetripea, and tentative Work Plans for 
and It Pacihc ( PR I ('ente), the (dn;Itliirl Indonesia, People's Rlpublic of China, the Phi
Intcriat'onlal I)cclopmetit Agecy(('I) A). the lippincs, ardTI'iailand have been developed. 

http:pio,'.SC
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Other Activities 

It' RISAT sci intists undertook crop surveys, 
molnitorcd iternational and national trials, and 
participated in germplasm eLdection as part 4If 
a.rced Wor . Pkins.NoR 

A irootlldnlit hrecdcl. :i patihol,.gvist, and a 
ililatologit fillinit(Ioewf iriliu;lltnl Ilials and 
sll\eCstd d(sea.s> tlld Il l;tllodc in Nup".p tltl-
ing Bputnthei. diase-(BNI)1 W,1tt iei,,,, 
%ilIC', pr: I . Rtst :i ItIc \, CIC o -'.I\ CdCiII "pt t 

tI i.mpt~II . I Ieif ,),Ii eI f .l:e \\;iS hi at 
N"a\\:ilpur., and thi,, hocaltJ<ll okumid h,: twxdt. loll . i-i, 111 I ii". icoI usdtl Iii(XX a d \ i '., L fl-kli 

lwlI l odctI.%%,a');hi dam,;tl m I ,l ] -1;ouIn~~ld-

1lW! 5,;i. h 1111 ( . I.. tt1It.Ctl Siult'Ct:al 

]<.,1oI11 II.llilti. t .c \%; , tdl )ctm 1 ,i


,,It, )'l lu hImut',. \Il, l .,u)tj, 

cliilultct"I al ilc Ii II to[l)it. 
.\ Iinllna-A( if N t,.inlt mii,,,ii \ , inder-

tkni in Ill ma ill ()ihi \ ctll l> tawi 

II" 'ii jt\ , ll't l kol.' 1 , Ill tl atill. Inl 

!' 11) \in;'tt ; ll(1 11 It .';i: ILt:l,.l:KLC', '-tlC01-

leeted. 
( omitierjlii t]hi.p.tIt tilli the . tent oo 

dIIl la c'I ca lstI d )\_ I' t. ( f.I . lindil l terll-

pla-m lll s velt .lt.t it t\\(1 IttOllS i1 

lnllhiel (l1:irii .i "-;t eam Nitllenl in 

.lavai. liic11, tCClilj Xt> Ii.itded b\ an Al Bi).\ 
At'IA R I( 'RIS Ai4 it1to1prl'ft. eiurnllalJu 
lines I re( m ntS-;\\ ilteCttl0n Will he re-tes fLd 
itde Ctmt rIolcd CncilhousItlditions ton Coll-
tirili rusistumcc. 

A,'(I.N stll ;lattelded l iI' and planning 
Iiccting.,, oi A( 'IAR Ii pi'iqclpea and g"tlu-rd-
ntl in Indoll-sia and ! htllad to1dvCClop.oht 

program. ot these ctIps. Some Ifthese aktis-
tieW are m>tppotld K"o nts AI),\n B andbon 

(AR. 
,he firsti,,, , of an A'L(i IN (',opem:tors 

Report \a, distributed, i! coCrs the activitiCs If 
the A(I.N SCe cis irll'cptiori and SumllmlalrizeS 
the W:,rk lI'its developed fto ach cLuntr.'. Im 
icport also gives details (tl rials an ailabe frm 

ICRIA!: and a list (f fI'turc \orkshops aInd 
meetings t(I c oigani/md I, I'RI ,AI. 

As a part of an exchangc of visits, two scicn-
. sts each from Sri L.anka and Nepal and one 
from Bangladcsh visitcd I'RISA I to taniliar
i/c themsclvcs with ongoine research and to dis
cts collalloraiv: rcsearcih with the concerned 
IU,. I ,cientists. 

A(iLN w'is als ,, in\uiXcd in \aruious work
shop anid ittiiis. I hcwc arc dcal with urder 
'\Vo:i ops, ( oli]Ui (.eCU,, and Sci inir,,'hch!o . 

,.Legi-mie On - II<trIt e;tilg tni(
4ursvt GO()I"T EN)r :,+ Ii it (ILE 

W I " I 1(2,.) ( 1(d 10 a lC t 10 1ll (: 

(i,)\,c'lIlln.'I o I nldia1 !It tilel' apid tiall' ic I J 

Iteyl'llc.s itclhit)lII y v w Iollliiiig i lic\'. unit. 
',,aul(lllti:"I c .tlulcs ()ll-taiiil lustini' and N uirsery I.lii"
l i (:()I.Oa,,d IP "). l'Ii,,i., it ntiltidisciplinlr unit 

thlt I,, \Xw(I ill' with Stte scicntits to Clliltif'lC 
t:1 >,tltc-Ici~riteIldld.hlted rfu r ':a d ('RI
.\ I n,.t hiods of .rtowill l_ e'ioc,.. Ihlie unit was 

tIll in Maiv 19V rid Cllneeltrated on the 

IIl i 11 I'', 1(V m , l inv'olved S nt,,zg l

; ts wit h lii!.' icId potnitial. \'arictics wit h ino 
f oliat esistiii', protected with!C'tses \\vC!c 


lulttiIlCs. St__d, w r ti; ittl l it. 120 140 kg
 
hla I intoo a htoitnihetd-arid-fLllr!ti syStCle . lC
f'rtti,er tt ifleltl included phsphorus as n-i 
gtC sUpM i ,hlsphatc, and SUpplCle entarv ,:aIl-
Cilll. iic, and u. Irnsecticide!, WcrC applied as 
rc,-iircd. 

)'i(id mayini. tailtis wrc eortd'clcd in5 
stales (I abh' 33). It d nd hatln 1it yilds Were 
markedly higher tinder I(RISAT's higl-inppn 
reui me 'Oldhl hoth iairiled aild irriulated cotndli
ionS. (i'lIking croUldnttt by thC !C'R ISAI 

tie:,ho~d cot R]s.9000 hlI conlpalcd to Rs.600 
700(O ha I 1y the state-rt(lmlinndcd practices. 
hut Ihe hie er yields iore t han comtlpensated for 
it,.in rc setd invcslt cllt (labic 34). 

1a 1aorthcr set of trials in Maharashtra state. 
XvX'grcw the Cultivars 11.24 or Sti XI in farmers' 
felds accordiktg [o the state and ICR ISATprac
tKes. Overall, ICRISA ls methods gave 0.5 t 
ha- I lnoie than the statc methods, includine a 
2.5( :tcrease in shelling percentage. A tarnIcr 
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'Fable 33. Pod a , haulm yields of groundnut crops grown accosding to ICRIFAT, state, and local 
practices under irrigated and rainfed conditions, rainy season A987. 

Pod (It ha-') liaulhn (It ha-) 

1rial Location ICR ISAT State Local ICRISAT State Local 

Irriga ted
 
(ialikapad u (Al') 1.92 !.?2 0.70 
 7.30 5.00 4.50 

lad waI (Al') 3.05 1.90 0.82 6.00 2.70 1.01 
I(.i.K. ,~ i x) 1.12l,,3.66 1.18 5.80 3.00 2.70 
( hiladial'i (K) 3.36 0.8 3.001.02 1.80 2.00 
Rlu'tare (XI',) 4.80 4.30 2-  -

Wri (.\IS) 4.15 3.16 - 7.44 6.62 -
Kadcgaon ( ,IS) 2.70 1.85 1.72 3.20 3.30 2.90 
l)hilc (MS) 1.86 1.08 0.52 3.10 2.60 1.87 
Nc\ eli (IN) 4.14 2.27 5.602.27 5.80 4.72 
,\L!S\ra\akkam (I,) 2.97 2.72 1.69 5.42 4.50 4.67 

Slkinda (0) 4.26 1.44 1.16 7.80 5.90 5.30 

Meatn 3.35 2.00 1.24 5.47 4.12 3.30 

Rain ted 
ICosa (MS) 2.50 1.05 0.40 4.94 3.06 2.40 
Kadegaon ( MS) 1.85 1.15 0.70 5.40 4.40 3.00 

Mean 2.17 1.1 I1 0.55 5.17 3.73 2.70 

A\cragc 3.17 1.85 1.11 5.41 4.05 3.18 

1. AP( c Andhral Pradesh. K iKallataka. NIS Maharashtra. IN -amil Nadu, 0 = Orissa. 
Oala2. I: not availablc. 

Table 34. Average cost of cultivation, income, and profit in different methods of groundnut cultiva
tion, rainy season 19871. 

IncomeI2 from pods + hauln Cost of cultivation Profit
 
Method of, cultivation (Rs ha - 1) (Rs ha-') (Rs ha-')
 

ICR Il 27050 9000 18780 
(17 300-37 980)1 (4518-16071) (9050-31500) 

State 15230 6771 8430 
(7 980-28 590) (4 775-10 330) (-230-23 293) 

Local 10370 5565 4800 
(4 200-15 880) (3 075-10 070) (-870-14 140) 

I. Averag,; for 13 locations in tive stat,:s of India. 

2. Selling price of pods Rs.8000 t and that of fodder Rs.500 t 
3. Nuniber in parentheses describe the range. 
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adopting ICRISAT's methods would have in-	 nated Research Project on Oilseeds(AICORPO) 
creased his net profit by more than Rs.4000 ha- .	 trials was accepted. These included nine sequen

tially and three alternate-branching varicties. 
Three other ICRISAT varieties, ICGS 44-1,

Cooperation with AICORIPO and IC(;(FDRS) 10, and I(U( 2271 were identified 
other National Programs in India by AICORPO for rainy-season adaptive trials in 

farmers' fields (Table 35). 
During the 1987 rainy scason our proposal to We contributed three ncw varieties to the 
include 12 new varieties in the All India (ioordi- postrainy-scason (rabi Sumlmer) AICORIlO 

Tab!e 35. Current stlalis of ICRISA groundnut varieties in Al ORPO rainy season trials, 1987. 

ria I Variety 	 ZonC 2 Remarks 

I r(smI) IC'(i\' 8612-1. 80127, 8,231,, 86309, All six zones New entries
 
86315, 86,oo(, 86035,' 86598,
 
86590
 

IC(G(FI)RS) 34, Retained from iFDRVT 
IC'(iV 8020, 86022 
IC(V 80)029. 86031 Retained from BNI)RVT 

CVT(S B) 	 IC( V 86014. 86015 Northern Promoted from 11T (Early)
 
IC('V 8600, 86011, 860(12, 86013 Peninsular Promoted from IF[LT(S13)
 

NET(S B) 	 1( (( FI' )PS 43 Peninsular Promoted from CVT(S[I)
 
IC(iS 44-1 Southeastern Promoted from CV I1(SB)
 

IET(VB) 	 I((V 87779, 87780, 86699 All except Central zone New entries
 
ICGV 8 6033, 86034 Retained from INRI)RVI
 

CVT(SB) ICGV 8o030.,86032 All six zones Promoted from IINI)RVT
 
ICGV 86005. Northern, Southern lromoted fuom II.T(VB)
 

86004 Southern Promoted from IIT( V 1)
 

NET(VB) IC(; S 65 Southeastern Promoted from CVT(VB1)
 
76 Peninsular Promoted from CVT( VIB)
 

HPSVT ICG(('CG)S 10,11,13,14, 13 	 locations in Retained 
15,19,21,49 d ifferent zones
 

IC(G(A F)S 28,
 
IC'(V 86024, 86027, 86028
 

Adaptive Trials' ICGS 44-1 Peninsular lromoted from NET(SB3),
 
IRG(FI)RS) U0 Proposal submitted
 
IC(G 2271 Southern Pronmoted from NET(VR),
 

Proposal submitted.
 

1.Si=Spanish bunch, \'B Iirginia hunch, VR =virginia runner; If. Initial [Eval ot rial, (VI :-Coordinated Varietal 
Trial; NEI National Flite Irial: BNI)RVT z Bud Necrosis l)isease Resistant Vurietal Irial: FI)RVI- Foliar Diseases 
Resistant Varietal Irial; t Selection Varietal I rial.111'SV I [|and P'ickeJ 

=2. Northe; zone -	 .ttar t'radcsh. paris of Itiarana, I'un ah, Rajasthan. and Hihar; Western zone (ijara; Central zone = 

parts of Maharashira and Madhya Pradesh; Southeastern zone : Orissa and West Bengal; Peninsular /one = Andira 
Pradesh, Karnataka, and parts ot Maharashtra; Southern /one = ranil Nadu. 

3. 	 Restilts front adaplise trials of I(GS 1, IC(iGS 5, and IC(iS II, in lte northern zone and IC(iFt)RS)4 in the peninsular zone, 
identi fied diring the 1986 raiiny-season Al CORIP) Workshop, are awaited. 
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Table 36. Current status of ICRISAT groundnut entries in AICORPO postrainy (rabi/summer) 
season trials, 1987/88. 

Trial Entry 

IET ICGV 86187, 86236, 
(normal duration) 86315 

CVI ICGS 103, 105, 87 
(normal duration) 

ICGS 84, 103, 105 
ICGS 87, 109, 
ICG(FDRS) 68 

CVI ICGS(E ) 21 
(short duration) 

Adaptive trial ICGS 37 

Zone2 

Northrn allid 
Southern 

Northern 

Southern 

Northern 

Northern 

1. 	 All postrailv-scaiol cnics aic sequential branching subspfiartniata; Il'" Initial 
Variletal I rial. 

2. 	Northilr /one - Purrrah, titar Pradesh, Rajasthan, Ilarani, (iujarat, MNadhva 
Southrn /ionc tri,,a, parts tit Miharasir a, Andfira 

trials. Anothler ICRA I varilety ICGS 37 was 
rcol 1lltcd ed lotr incisioti in the postia iYn-
seasll adaptive trials in the torlthclt /ote 
(lahle 36). kIany otiter ICR I.SAT varieties werc 
proillolcd to the tiext level of trials itt both 
sealsoMt. 

()ur inttluctct otn AIC(()RPO tials remains 
signilican1; 40" of tlte uitries in the rainy-seasoti 
trials, and 32(7 of the cntrics itt ilte postrainy
season trials arc froti ICRISAT. 

Bot h I(';S II and I(S ,44have beeotne 
popular for postraitty-scason cultivation in India. 
I(iS I I -vas formally released by the Central 
Varietal Release Cortnnlittee of the (iovernlllent 
of India in 19 86. We now await a fornial rele;itc 
of [('(iS 44 for ptorai tv-sCasOlt cultivation ill 
th western zone. In the 1986,187 postrainy sea-
sott adaptive trials in (iujarat, this varicty pro-
duced 36.6(,( higher pod viclds than tile locat 
ctli var ( i 2 and is being proposed for release. 

A lotal of'8.3 t olteseed of Ii('S I. It((iS 5, 
1C(iS I, IC((S 21, atnd IC(iS 44, and I'(i(FI)-
RS) 4 and ICG (F)RS) 10 wa,: supplied to a 
range of organizations in India. We supplied 
seed for increase and adaptive trials. One hundred 
and ten farmers were also provided with small 

Piradesh, Karnataka. anld 

Remarks
 

New en ries
 

Promoted from IET (Old) 

Promoted fram lET (New) 

Promoted from IET (Old) 
Promoted from I EI (New) 

Promoted fron IFT (Early) 

Proposal submitted 

-,valuation Trial, CVT --Coordinated 

Pradesh, and part, (A Maharashtra; 
ainnil Nadu. 

quantities of ICGS I1 aIid ICGS 44. We also 
supplied 400 seed samples to 59 scientists in 
India in addition to the seed requirements of the 
A I(OR P() trials hroulghout the cottntry. 

International Trials and Observation 
Nurseries 

We reorganized our various internatoital trials 
into five trials. These trials are naned as Ill in 
the series and are listed in Table 37. 

\Ve intend to run these trials at least twice at 
eacht location before revising them. 

So far we have sent IEGVT to 20 locations, 
IM!.GIVT to 16 locations, ICGVT to 13 Ioca
lions, IF)R VTto 10 locations, IPRGVT to 5 
locations, and II)N to 2 lcations. These loca
ion iinclCde 14 countries in Africa (Repttblic of 

Betinit, Botswana, Burundi, Cameroon, Egypt, 
Ghalla, Kenya, liberia, Malawi, Niger, Repub
ic of (0Guinea, Somalia, Sudan, and IUganda), 6 

in Asia (Burma, Nepal, People's Repubic of 
(hina, the P1%.ilippities, Sri Lanka, and Thai
land), 2 in the Caribbean (the Dominican 
Republic and Honduras), and Australia. In 
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Table 37. ICRISAT international groandnut 
trials and nurseries and number of entries in 
each. 

No. ,l 
tial one entries 

Intern:tional Fatle (irounditut \anctal 24(+1)l
TriaI (N (iVI 

lruernattomn Ncd;tn and I te (iroui+tdu 34(+2) 
Varietal I lial INII A I ) 

International (olecttoileI (irlottldnt 23 (,2) 
\VZriCtA I [ial (I(i(i\ I 

Iterilutuoal t+loiu I);swascs RLiciOt 35 (t 
(irtiundttlut \ tlcttli 0ltllR(i\lI ) 

liii ti~l 'R(; 1(+2IIt t(h\t'nu

\,tlic+'l~l Irial(H IR(N\')
 

I C ttlltA D101.1tJht (11)"
MInt Ntllscl\ 16,(+2) 

SI\uuunh. p J' .I . ti, 

tlititui Ito o pl]t'tt;tl" s. Nc il o supplicd 
1I-1I) "tef tt l ,t i -,iocluded in thcsc 
tri l. ulf otIW hrclin. lis, tocietists in 2,-

JStoth.' 

tevitit suic 

til taib,, c 'd 1tolli ()tll) at tsl in 


I hc wiult, (dI lldl ilttdtut 
eCti\ t'00 19N7.1oo 


nelCtnhtan1ta 


Earl)-,Maturring Groundnut Varietal Trial 

.\t Saria in turkinuo -zti eight of' the carls-
tiatlanittut litWes sttilicantIs outieldcd tne Ithal 
\ olet\ I. 32-1. I( (iV "0)5 produced a pod 
\icld of 3.0 t ,a,I (i\ ouk,?! adt I(GV 861)61 

prdthccd podsicld of12.9t ht leach, while IS 
32-I pioduccd a ptd ylield of 2.3 tho 1. 

It I hail;,lu, inturids .rown ttlt'beforc-ricC 

c oiditiot,,', I(N(iV 80015 ioroduccd 3.7 t pods 
h il ,icnificaritly ott ield tte tloal s'aiets 
lainout 9. sshieh tprodtCc~I 2.7 t Ifs hoti. unler 
aflcr-ricc cotaitittius', [(,(\' 86070 significantly 
outiclcd l ainan 9 bs 6itt and I( '(N X7938, 
signiuicairtl, titsicltlcd Iainan 1)hs 37K; . It the 

prcliruinary trial,, l('( i r MI81)+ ptoiduccd 5; 
higher pod yields tIhan I aitan 9. l((iV 86111 
produced 33' higher potl yields than lainan 9. 

and ICGV 87602 produced 52% higher pod 
yis than Tainan 9 in three different trials. 

In lPakistan. several lI('lRISAT-bred early
maturing line, ila national Carly-tnatUring cul
tivar trial outyiclded the local variety, Banki. 
I(.(i V 86(77 produced 1.7 t pods ha I at Isla

niabad conipared to 0.79 t of Ianki and IC((V 
86068 prodtrced 0.99 t iods ha Iat 'Chakwal 
comlpared to 0.15 t It of Banki. 

At their -ttteCst, for use in intltilocational 
testing, wc supplied lhtrma wito I kg bulk Seed 
of I('(V 8(065 for tnultiplication. 

N)orth Carolina 'Statc University selected 
ICR ISA 'ed.re carly-nttring lines as genc
do+nors to a to) \irginilt t.ypes.tlrihute CIilrwss 

(GroundutVarietal Trial ' r Adaptation 

IC(; S61 eaetie hi chest pod yield (3. 1t hal) in 
Itlnrrdi producintl si.enicaitlv nnore than the 
local varietyv, (i 1X (2.3 1 hal). Sitlilarly, five 
IKRIS.\I jrotnltdntlt vitliti s I '(S 50 (1.9 1 
ha . ((iS 76(1.41 ha '. l((iS IN(1.4 t ha '), 
I( (i.5 5I t ha ;tnd I( (iS t ha(1.3 It. 3(1..? I 
shossCd 24 391; l:eslh pod +yieldadvatagec ii the 
vct ,easoll oel the Iotal \ itictv llcoIRed (0.5 t 
ha 1) il the l'hiliplittc,. It another test, Con
ductcd during the drs sCason at the sate loca
tion. l((i: 76 piolt.ced tile hiphest frch pod 
sicd of 6.2. t ht . 

In trials il I hit i;a nd (iharna. diflerences
 
hItCClr CntriC \5CtC ttt.inriticart. bilt the
 
hiht.it-sicdil_, sChcttiis, tad 21' [ and 35(i
 
pod yield Stl t.'its MCr the local sarictiCs. 
('(S 26 po\c the h ih,1i(-d Ayellit (ihallia 

(3.)t ha ,and ((i .) lit l:thiopiia 5.8t Ita '). 

(onfctioner) Groundnutl arietal Trial 

We rcCCiVCd data oI !rial slets sent in 1986 from 
cieht l,'ations. Se\n confectionriy grounridnut 
slcl ,;ors in korca, six inZambia, four each in 
Sudirn and Peple's Republic of China, two in 
Nepal, and orue in utrundi ga\'C significantly 

higher pod yields than the local tintrol varletics. 
tI((iV 86979 with 3.3 4.0 ' otds ha - signifi

cantly outyicldcd local control varieties (1.8 3.2 
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t ha-) in Sudan, l1colIc's Republic of China, 
Korea, and Zambia. 

We analved data onI 100-seed mass from ten 
locations. All the lines had a regession coeffi-
cicnt greater than 0.7) r1rdicattitlg the s,-ong 

LInfec11u 1o\en i,'liCelnt of) te expression dll 
stahili~v ofl seed ,swc. 

[uliar IDiseases Itsislrnc Irial 

RC,,lll,, iM tIr Ir>' SrOriid 9,9O ir riiiotial 
It C rl/illt ltl il IIl ilirlid 

iol pclIm lrllruiic ofti ,r;tlrt 
11e il oil cor trli d ;dl( i rice 
\pil lQS(+), ne .idillrtiree 
I( Rl )I. I hitres, 1 ce d IiTIi0 

c".t't;i urt] . t1(';\',' 71 Ql c,\e 
lt o llprd t, 2. Ir li Kh.%til 
lInillmr h t).l it, 

if Ill. tOw siehl ,urpr i ri\ t tI e 
cllit", [tllicm l t il I I' -toi . 

, mlllki mlt l iti illrrric ()l 

plai'rii tine. lii uti 2 (Ii 
.i,,tIil\ h) the I itcd State. 
ALrr ctl nlte Ar e'1t it, 11 

.5 ,A-:\RS(. to;tl P1lain 
(Irsll!%tv of t . 
irid W' P ISA I :I, ( :Ildl--I 

J, hir dt'r' I esiti 
netitra~l',, tolit la!c prl 
I.b r p,, haI it I IIr:[rrt' I 

ridicar d the supcr-
I( 'R ISA I fines. In 

I)cctir cr 519l 5 

. 
ol resistant 

i . I1.1rhc 
. t dric pods 
olocal cilti\ar 

( Mav-()cttobt 

7S"(,). 

It('RISA I 

cd 1clI'lld

dcvclopcd 
I)cpartn cnit of 

R .carch Station. 
R' each Station. 
(torieorgia.ISA 

tv\le. Ihis varilety has 
I, ,t arid rnodcrzeLt 

(1i .clagc. it gave 
ld". 75+; moc thani 

1hC IcAl sriletS. It ha,, CC cited asI ideal f0r 
.IImIicriI; colidiirsln,c , it irCCs frllrl, 

mllirleiumcrs tid is triscl lo t iastiic, cannlIinL. 
hitcr Irlikirl.o oil triction. anmd cofectionery 

pnI pt,,,. 

Wonkshops, 
and Seminars 

n Conferences, 

Worksho) on Aflatoxii (ontalinla-
tioi of ( roundnull 

An Intcretiiati nid \Vorkshop (ii'\flAittoxin ('on-
tamination (l(Girrdiltit'V.,as held at ICR '.AT 

Center, India, 6-9 October. Fifty scientists from 
26 countries joined ICR ISAT scientists to pre
sent research findin,. (,iscuss recent advances in 
understanding of tie grou1ndnul aflatoxin prob
1cm, and consider research and extension ap
proaiches to eviluatc, monitorl, and control Coni
taminitiin of r1OrIrIdILits at national and 
interinational levels. TI meetiit rcCommIntlded 
the production of all Information Bulletin to 
pro\idC, in a convenient forl, uscul advice on 
how to evaluate and monitor the contai[nalion 
prolcmn and how to cotrlol the invasion of 
grou0tIrldIIIISro by aflalt oXiIll-prOd lCin[it,fii i and 
hle production of allatoxirs. 'Ihceced to liltour 

the priilic ill terreral, and policy irakers il pal
icuilar, about trll la/ald- pirscd 1v Malitoxinl 

01t 1i1uniiatliot of gr indnlr t arid siome oticl:o t 
it, otlltllli l conlllroditics wis Iighli _lted. 
f R IS\I has publihed , short'1nnarv 

and R-coririendt lit ons'doctlnIrrit prirviding the 
gisl of tile Wol kslrop dClit)CtItitols. I his will he 
iranslatcd into Irrcnlch arid Spaish and distrib

lited is widely as possible it) r SC ieaseainClC lrlcss 

of t he problem. Copies arc available froril ICRI-
SAl ('enter. I rc (tillproccedings are inlprcpa-

I ration. 

Peanut Stripe Virus Coordinators' Meet 

A PIanuIt Stripe Virls ('oordirnators' Meeting 
\as held 9-12 lune 1987 at Malang, Fast Java, 
Indmncsia. Nine.,cn scientists from Australia. 
Indonesia, Japan. the Philippines, Thailand, 
USA,. and flom ICRISAT and :A( partici
pated. The meeting was sponsoircd by ACIAR, 
Australian I)evelopmlent Assistance Blureau 

(AI )AB). Peanut-C PSI,and ICR ISA. The 
participants discussed this newly Identified but 
widespread virus in soitheast Asia, the People's 
Republic uf ('hit , and the ISA. [hc rccom
renrilatiors of the rncetirre were: 
0 for AGI.N-ICRISAI 'to crordinatc future 

research oil PStV. 
0 ti origani/c a training cmirse in 1988 on iden

tification (i grmuidiut \iruscs with special 

reference ti IStV. 
0 to underitake surveys fo" PStV in south and 

southe ast Asia. 
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* 	 t0 pjiitOdtcc all Infornlatiol UItlictin Onl I'StV. hot ative'research on (R\' disease. 'Ihe scictitist, 
0 	 tol (ILtictl/C a sccond JPst V citol(Itnatol s iect- stutdied thc discasc in tile field, and examinted
 

inc, l I ha~iltnd inl 1989. researchi cutrrently il pioLgrcss at I(RISAi's
 
* 	 to infom lt Itrocim ntalPlnt P)[(- Regiontal (ililnit Prloiramnl at (ihitedic
 

tccitif i i ii ot ctlini tfic tiittitcr' of kc,cattch Stuiioti.
 

P)"tV.
 

"t~t pm Ill 	 A(IAIZ/AGI., onciiil icL'-ciCt: Ih'tjtttt\i ,4 VWorlihoj) 

hcfiitt t.\pmli tic. NI aliagCeent of' L egumie Pests
 

0 WP~h~h-1n4w, am " i.\( gconi itci \N UPIlo~\ Iitc WA iandcttaGI.-I)A tth 
th~i'i~i "I) 	 f igstjljwij Rcgi4)liai I') ii "t ace andkho S w& ielntd ilccnAugu to Sp 

'ArTslcT1opw(1(I '11)(11'omtillieritar~ aindt Ihp itad and 7-1phclinc irtc ticn i 
.11ilild 'I' oc " (t cji iltlocal-' 19tN7tlftij~5 t Scq,pldi C mi Wcta c 

nut/ t . , (d mKtniclit C1 stmpc i t!estrc c illciiitt Ik'Il li wi ni\ ly ile ipts: o 	 th 

Nrli. ilu 	 cliwtI t~icfiii /i~ilu;,. /itf~a\sc. tmc istincl: ued ctt rudilIlit-jndiptt 

*\)c,,om 	 senttitlfMC? 	 WARt as pes niant-ofslttit 

( ~ ~esearch~ontiialtGrudiiu~ ~ nsOa tjc uIcCt I 
RS e'1-(1,tld ito n iiiu th 

oI((ahorati~i~tS 
I Virus]Ilttl 	 invoed each liCommlIletis, 

1ccitc ' 1w.l it! ito-	 ttlala iiw i pt~ootitrondmit ittlti lat I~pv'k. of! PC'[ ncluding:i c st 

rnitts'.t~tw N ciii. I . IS/a l, t til li a (23 isttttfit;ti tttib iltttioy tCcsetmctan tnittt 

I~IKS,\ I ( ,'antAI cit rocrai inl ifts piAid ticsn, c%;t M tic orp c 25ci pp tojf.IBN 
!ioc~. atsi.- o(hsis c usfulesI th mf1rch colla-h~ tilet4t 1)22)tls.A plc 
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Workshop and Symposia P~roceedings 	 Gitidr, ; .E P.T.C.. Srinkiasn a io. It., 
D~art, PI.T., anid Day, I.M. 1987. A\ comojiron of 

I(IRISA I Ir1c 1,110 'ironal ops Rcscarcef Inalitirtc o 	 nitroizen fi.\atioll if] geIli)t\po" of groiiiti I. llohli.x 
the Semi-Aid I ioJ1 IL,. NNT7 Giourrrirl rtra, (h- hpg I..)I u,,ing I'Visoopc dilut(ionI1(1. HiljL!fii2 and 
e;l',C: I)IOCCCLlluN 01 A l)I1LIi0I1 (I ~Il)uNfeelirr. lFetilitY of' Soik 5:23- 2 5. (JA. WO0) 
24-2,S Sep IlOS.). I(CH PS s I (crolcI. iduia. IPatanicirer. Hobbsl, ll.A., Redd I, I)..,, Ratjesinari, R .,anrd

A' M? 04. Ind1ia: It PIN I 21(1 pp. PI(N 92- Redds, A*.S. 107I. I -C of dliedc alitlen Cltim!r andi 
9006-~101)-- 1( P!) 0I. fp11ein \ Co;rIInI Ii HASA r;'1hfrrlL( ,Iur rfellollof 

R ]?IS.\ I (IHirirriiriorr,11 ('1Ijrl RIderr IrIIre fur~o thirc. (pealr1itil Plant IDicawe 71:747-749. (JA 

oltfj,HIf ob,Iteh DN R.,an Ieh A.S. N7. 
R(u'. 15 MIIfiiilu icerir f<(iIuIIf Oecrhrufiis P1 fi \Nklr I~C-I~ a r si likeuul~mis 11 III pialIt 

RCC1 01M( Ii I Ceilrliis ((1Iu IIIdIIIfIrI, (frrICkpc;i. jrfuIT11,%I111%siIelres' 1)[00u111 IP,111. IrliICut Cel\I IIe
lwp ~ I 'uC 9"0N.I1(N (elItcl. IjrlIcd IIn IIill orusuu-it 01511I1', N) Plantrr I'aIfid

'' 111NI 1)1' 12.), Irifl I( R1 I. oev (J2:Iu-~u.A (u]I) 

.Xchanrl. .K .,.XMc Iorrird, D)., anld 1 jargopalarr, K. 
1( If is I il I iu1iefn i > lil j lo 	 1i9,87. RL ,ilLtnCC O ) lll 1)(", rit)scf( InIckuiorlL!e'iriir 's 

1ii \sN I I 1 1 OPI r s OfiI 	 w hs,< uspuu'Qer//1o l lis III lii I la III 11)(1mf. lPcaiut 
Silu c-u l'(t i riut \ssink lipfl >iriiicrrl SCICIILe 1-1:17-211 I1Ne)()2 

NI I I l I C, I 1111),b51 C Pi t:ful1 
ili '1 1( RI I !(,.ppI' f'iN N:;miar, 1'. F.( .,Anjaialr. aj.d Sirillr'o Rao, If. 

RtaI1 11![t A1)01Iciuurs0 IfBuI 2 .ileIiui\ (JAsr 589e )rsI 

Nabiah 1'. FJ -i 11Ueg iloJ. I m uIt-.riInkas Rao, 

.1111 "1lil \s!1 .i- Il .iiijr P l(. 	 I fi .1 ai ritvs P.0 1 
* 	 l~i~l~cIlp\lcLI I 1,1 ii t- 19NT ( ollll su1 of thie rtICMliillran titili/aliuil 

I I rI I I 1i I 1<sc i se ~i i ( a i lofi WifcllIIN ICIIO1\ ;us 01 siOll111111lNou'hoipr N Ia-
I~ ~~~ ~: ~i: ~ s-.ai~~~~~~8iem~ciI I i 1w (lI I VOCIII.) ;IIIIf ii ifir111112 iifll ll~iliotfulati g 

11I11:0 il 	 [11lll [lii /11s1 1/illuj P MI 	 M I CIOLK IIC lo pl I la " I .). field Clop", 

AT' 121 In i. It( I IS.N I I .S pp. ISBN 92- Nartrfirr, 1'. 1(A, -md Si' ramrakrishnanrr, S. 1987.
 
)loh0(i1--)I)- lPIlu 04')\
I 	 I efi of ,idelo0phorle" ill coil rea [h/I

biii I'uII1:/2,lhlilC rA~diunretle feCf c) 

I ettel,,i 11.ppfiu-t Ihcituhjioli -4f 2:37-40. .l?%63.3) 
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ICRIISAu I In 1ilaionral ( op , Researl institute for Fot dld tIt Midt Ildt1] I\)OuC f\i 2sIr, * Ill frollillt 
he Scili-Ai idi 1 IN. A\achis (A or/Iis1987s)lrrferratinal 	 /II 1o~I,( F \JI l lpentalI Agric111lt re 
N.\esiItti i .I. Pat ancheri . A.1) 5(02 324, India: 	 23:283-21) 1 .A 561I) 
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inl earll rrlatirrrgloruilint I 1reuho /hIpiungazuzfpen

.Journal Articles 	 Of- InpeS.FCIII)erureatll AgNeieHIMrIC 23:2.-9-271. (.)A 
384) 

D~ick, li.M. 1987. Iis caused by insects to ground- Rao, J.K., SaImraat, K.L., and BUrford, I.R. 1987. 
II( stored Ill alwarelouISe ill 11)di a. Tropical Science iDiagenosis of ironl delclicincy\Ill grouindnult, AIruiuhi.s 

27(2):05-7s, (JAN585) hr.1po,'uu L. Plant and Soil 97(3):353-359. (JA 307) 
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RESOURCE
 
MANAGEMENT
 

1[w Resource Management Progrm P) 
aim1,, to increase the productivity and income of 
farn houscholds in) the senti-ari tr1pics (SAlF) 
l)\ de\ e'. piile! bCtelti:tllling"5\l'lS s. Inld sigI
im e >Ic',>,\ lls. othPlonI in1 sks \'aI\ts to 
tli',iie! carell.' lice> iatll a., htoith iliuic clIiles t 

'I t ndl , Iln lh I t, l ' clIII, 111 I.Hc ,Ijs i~l i;b[o:. 

kc.t',' i i ]\ Itllle \l irlii'iiieit.c is i ided 
,i "itcs in llid t iiil\ on A fIl-

" ,i',cI. i l VC tic Suih, aitI l iil Niif.r 
S iti~i l]\cri'oiif 5,,, t l t, l). lrii .rallls ill 

thCi I"" . ii> aIl11 1i m tta iy;t h \ (,-l\ 

l)c.' ) 1trll\ u l h iIo te'lu rit.ittnt1ito Ii Iratc' 't. \,,il ,
I) '. i~ <, i 1 t mi c rij fliI i i itd thwlt 'ilislolkm 

rGl ,, ii IIctt dcli itiii l lof 
"-iiiees > li, '. in thi \ f tl lli t elt ' c.tlpiiclnt 


ot hlc'ttir In( Iltiudl Iir Illil ,ii t e' w"'>i.'Ctlees. 

1,) th' C'. tLIIliu I Wccl iO itO ,ni ailli u''ia-

tiilli[ ',C:11l(. eithCr OH IesetiI st;Itto ', ()I' ill 

IitelIIt's' j.lls,. \Vithiii C;Wh thl CIi, c tiriiiIt 

litlls f illii ph l >eitll ti'ts. i+,iluiist sttitmd. 
eCr iuiuili '- ciltI ho: ,liti -g sieuhc t c 'i I I 
iere +isia ,-, ; t I N'; kii tIa o i ,cif i fiI t \ ph +-teifcI 

cets ht thesLe \%iiII I e' pic hfisit1titi' 

ii 	 lted . 

ltli 'iph s;t.is , hi l' .iu'Iti"ell to I fi II hCI of ll iitul 

pioufeek thit ,o. to, ,omiplectc, in H87. e.g., the 
Cu l'ti'Clitil 0It il 'i Ce oi'd', ill BntKl-ila I isO, 
pi ntl N tillige of :\ltisii, . it s,,tol i t the 

li l ift ~iti o f i l d dl tp, 'Il t 
tfi' ,,in -lutllwMfitlunic il t llltn nlii \ ,i) 'Cr ilic 
licidc ulii ii , aid till- poitasiittl hla il c it 
suil in iclation It i o p.!lilc.w 

I )uirill th t,. t+Iil CetltMltlCd IoIiiti,,t, ,' 

de\, hito i ct rIc-,caielh linIk III\i t iiIai !,i 
rices. ntlilt hl\ ililloll tlie ( c tilil Rcsealch 
Institute otr I)rr nd At liiulti IC ('1(1I)+A ill 
:l'detihiladand tIhiiLit!ii tc itilUit t ititillifldt 
rcherche aruonniitiCli l i!cr INI:\N). 
Othcr si-nilicalit links, I),tli pcri lal and itisti-

Characterizing Resources 

(liiinale 

(T'imale Variabiity in the SAT 

lilt .;.iIhCliiIII co1lltriCS llit\C_ ICCtClIIIV SUfT FCrd 

ll 	 1uill CXtilCIC (l1llOight,, M ersistnt cropf iiil-
il'Cs. In I dia,. there is t '"idcspr tlCidheliC thtit 
rainfall is bcc inii, iiore \'ilriaihf . A study \W's 
t h rcftor' C0i(ldtl'tCed it, c\ lltC Chellges il raill
till Viiii;hilit', at aitlbo t 4) hi ttiol. in Itldiala ild 
the licl. I.ouli--ih lil i itfs. t oV i .fio t 'iciil 
loce;tii ns, i i ia Ni-t l itd \ Idciihad in 

India, ,.,.ere a i l\ ,'cd tor i cticclt i i co'.tC I ci
:IIt tiC ,'lhilItV s. 

lie'tlic I shimo+luthe ,iIItlllilit\ il ailinn al ain
i t llIdcra dbhiloo 19)0 i 1to87, litI theseS 7 

:i nrsr cxe.'CcdCd itiin1( ill ii\e i till 0' I S)) 
in 10t. -;trs a; d el bluIch\ ,57t) inl(lnical ISI)) 
itt ) \c . 1,irI l til se. ics sIt ws l sigii licant 
litti tI,.l he raiilalinat i,,'n y\ear is lot cOrlc-

v, it I1 ht.tt of I lt., pf cd ing ol tile toilowintg 
,llCal'. iased ON this aihllvsis. ai t iuarainfall at 
I I. (IC!< adi lthtot gh \'a\il foCm eat'r to 'eir, 
hast not chit llige.d gicatly dtl'iig !r'Cent Veirs. 

lilrC 2 s o1Cs the variability oflannual ill
tail it Nimaic\ Iroii I;05 to 1987. ' lie rainfial! 
\\ is _.es thantu A'vcit81 ill 40 .CIllS, with a hLitl 
froflceluc utk ,Ir\ \'ars tIiilrd the Cend 1f the 
IceOllt. Fi l C I'a lel, in the last 17 yeirs, only 4 

[ Chtcara\Li recorded ani lil inff'1a1'llercaCr Ihani 
ie hiilc-ic it nicail. and rainfiall in all years after 

IQ7) ,, ,h hn(h foii-teln l1leanlt-e Serious 
4citltit (aitital rainfall • 75( iolthie fling-termi 
ll ilit) has ocntrt:.ed in 5 tilthe last I Yearsc The+) 
iajior imlplication of this pcrtsistentlv low 'a[ -

Lall ini recenlt vcvils is i .scrio s shortening of the
 
,rtlwinomgsci.stn inltihi.arcadyn iainallonc. As
 
it CeOS(ltieliC, tihe suiitability oeCltire arl .cCO

ttitiollil i e recorded il the end of this repiirt. logical region. for some agricultural crops has 

http:ocntrt:.ed
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Figure I. Annual rainfall at Hyderabad, India, 1901-1987. 

[ 

1960 

I 

1970 

I 

1980 1990 

1500 

Average annual rainfall = 557 mm 
Standard (\iaIflon ±-144 mni 

1200 

-=90(1 

600 

300

Long-term 
a v'erage 

O- l I T FI 

1900 1910 1920 1930 1940 1950 

Year 

Figure 2. Anaual rainfall at Nininey, Nip~er, 1905-1987. 

1960 1970 1980 1990 



Pf'S()l1He Ahmwu'femnt 283 

Changed . An ex i inlpic I til extenit of' chllge Agroclimatolon i f Africain X'rtisols 
tftcr 19701 il tile iiorieiri li-nit ol ih ac ivc it 
WeLfor-'i2IOtlfnhjI]1 CtIltiV.I1)Iol. Ini chci. tis 1i111it liccillisc "CcmKl coun~trieN III A11ricj Nwish to 
HIIOed 'outli b\ 3- iiid ~,; Il d 11 )I\C tile 111imlIti'ii', O VCIOIS,1 WC Ziudi

C;'IDvc'\p~lI(1Ld ill the( lQSON" sIl lY900~. NOIC-1 i Ie\cn ihotit 4311itij1lt ~Imill 28" Afrllili 

'( L~ ~ r~ i . h1\LIIS~>ilichi l zm(I h1il" ")A IdiN I hilid I Il I.\ ,2icr mn1' h I V SAh,111. 11 

I.' pc; tI itIcc I lcic (.!I l clI p 1;111111c' dhI c [Ihk 11%~ 1 I rC.lld e beci\C l 2 iind 5 ilonthlst r;Ii1\ 
11 hi. ;tOl the Ill il 1-:1iinal healcell 400 antd WOmll. 

(un1iticki 'ilih iklil :Ib;(; \Kinifc% ia; Isnlici A Il e.\i'nllPC of the" Watter hililuICe Inl the dI's'
~eqti~iLC 0tnNctlli\ c Ji\%Sc \\II 111 l(,\'- SII jtle~sOsi iiiitotOII~IiS 

IlIfpci oetile(If kh efoNl. I1c"hesecihs /I inhahwcv.\'fet c all ittil ra ifallI saIt/il 
dIlo%% 1h t l iiil'it mit huii]'i iiIl l icia stieS Ols -10( 0f 0he .ot!tnlil i)': diiati11d. 10 tile 
/oili- ;~I t lie t!,I inh 'Hilchlc, %rai season\ll 1inS INom-MN i ), rainfall exeeeis ITI
he ~c IC111 wni 5'I thll dian SA\111t h i I . duI'gI lkecctner. .iflililIS, and l'ehiats'. Ill
I lie J\'i coIilcIlt o Itiw\Ise t011) Mlo~~ ol2:1 tils I1IioLI. abcml It 11111 o! stirpins % atcr is 
:IlksilCc 1th StilhiIlic 000d plodittonl ill thle available lot stojalc- i thle Soil profile al111Conul]

vIttili(~bcL'lh~~L~iStstilinlSie crops It March and Apil-1. IlitS We C1n
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extends from Decrbcr to March! Apri, (120- suitable for arable farming, and several comipo
150 days), so that at least oc an. possibly two nents ol- ICRISAT's improved Vertisol man
rainfed crops could he grown. About 20 million agenient technology could be adapted to increase 
hia of'Vcrtisols arnd associated soils ol'Africa arc agricultural produICtion there. 
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igure 5. An exanpe f me olcr balance fur a dry,;AI climate (mean annual rainfall 594 mm,nmean annor ual PE 
n-un ),Zm a~c(0 IVuaS, 28"37'E).
 

In the wet, dry SAT,rainfall exceeds PF.Ffor for Africa (I ICA), and ICRI SAT are currently
4.5-7 months (luring the year (Fig. 4). Ihe cooperating withhe national research programs
annual rainfall generally exceeds 800 mm and of some African nations to test and validate 
the growirg season ranges between 180 and 300 several opticns for improved management of
days. Twenty-lfive percent of the Vertisols and \"ertisols. [he results obtained with improved
Vertic soils of Africa are in this region. Figure 6 technology in Ethiopia are encouraing. 
shows the water balance for I)ctr.-cit Ethio
pia. Rainfall exceeds PlF 1ow 4 successive "1ronths 
,luine through September, and surpl us watef- Spatial Variability of Rainfall 
exceeds 300 hm during the rainy season. Most 
of the wet dry SAT area of' Africa is under- Rainifall inWest Africa is low, variable, and
utilized for crop production: waterlogging arid undependable. Although the spatial variability
soil erosion are tile main const raints. The crop- of ra inlfall had been studied extensively over 
ping intcnsity of this region could be increased broad regions in West Africa, comparable reportsby the introduction of watershed-based land and !'or sniall aras are limited because systernatic
water management techniques. "IleInternational networks of molnitoring gauges do not exist. We
Board for Soils Rewcarch and Management installed 18 rain gauges on a 400-rn grid over 500 
(IBSRAM), tihe Internriorinal lAiestck (eritre ha centered on the ICRISAT Saielian Center 
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Figure 6. An example of the ,,ater I,ahmice for a wvt/dry SAlF climate (mena annual rainfall 866 un,m.nian 
annual PE 1319 min), l)ehre Zeit, Ethio)ia (H 44'N, 39 (121). 

(IS() mctctroliic;,l ohe,,ci \,Lie% cit c 7 +,iow,, 
nalliall isohvet s picpa cd fri i le record ins 

oin 22.Alk IN80. ( )% rmtiiitall ranved Iromci 3.2 If, 
, m.i9 34 .,,2In t iiii ai1m ',, I fmm at the obser-
\ai;ttorv. For each riiii:totiii the r~ccdiig it the 
obscltvtorv v 1,witlhili the SI-.of the lll.an rain-
lail rcctrded h, the 18 -aia liaues. ( costatisti-
-'al1 to estimate the distancetechniqes weurid 
over %%hichI aitfall Iccordings Cu Ide expected 
to be iindelendellt. lor 1most of thc storms ill 
I'M(,' disiance ,waSI ki. Fligtnre ,"shows thatthi. 
the mean rainfall 1or each stom 0\5er the IN 
gaugcs nhone with the variance for 1986 aiid 
19X7. In 1986, most if the storms at the beyin 
ning of th,,,railyV scason exhibited a large vari-
aitce, while in 1987. the pattcrn was differetnt 
withi earlv-seasin stortus showving tile lowest \ari-
ance Ingeneral, storm. (lepositirg tore than 20 
m11m1showed la rger variance, 

Soils 
Physical Characteristics of Verlic Inceptisols 

About 35 million ha of black soils in India and 
;abOtLt 30 million ha of black soils inAfrica arc 
classified as Vertic lficeptisols These soils arc 
generally characterized by the shallow depth of 
the weathered parent material (murrum) and the 
picsencc of many stones on the surface and 
withit the soil profile (Fig. 9). Tlhey do not swell 
and shrink as inuch as Vertisols. In India they 
are mainly used to grow such rai ty-:,aon crops 
is castor (R,nu s Conm"ll andM11i's) siunflower 
(felinthusamtntus). As part ofour studies on the 
water balancc ot'a Vertic lnccpti:;ol at ICRISAT 
('enter, we determined tle nain soil physical 
piroperties for two proliles. 

The variability vithin this soil groupl is shown 
by the contrast between the two profiles in terms 
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of texture trends with depth. he sand content in class ranges from clay at the sura:ce to sand
profile I shows an increasC ith deplh, fron 41 'i loam at 1.45-in depth in profile I while it is clave'
W the sLrf'acC to 73(1 at 115 cm (lahic I): in for almost all the horizons in profile II. 1[or
ptofil IIh1t lctut,, hctwcen 32 and 44"(. acclrate,,interpretation ofl, ronomic experimltents
(ienerallk, the silt content i, nniforin with depth. on these soils, soil hete+roIeneity shtld he chat-
Ilhe ca content at the surface is 4(1 ini hoth IActeriztd and taken into consideration. 
pr(file's hut the trend wit deptIh tends it coin- We used core samnples (3(1-ntm (lianitet) to 
pleICC.:t the :lid trend, i.e.. it declines with stdy 'lhe bulk dcnit, and the distrihutitn of 
dpth inI profile I. ('otseqlunltly. the textural stones in the profilsc. I he peak in the stone 
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Figure 7. S-aa viariability of rainfall shown as isohycts measured on a 400 m grid over 500 ha, isc, saeori,
Niger, 22 July 1986. 
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content of the profile is at a depth ol 25-70 cm 
R (i"g. 10). Tie field bulk density and the dcnsitv 

I anld o wereo]Lic o, Stones iseItfo c lcllhit lt' 
I hulk density of the soil bct\\Ccn the stones. I lie 

piesence of ,stIsrd.cs the bulk den)sitv and 
hlnee increases,he p (rdsit soiltolile stonr-f rc 
betwvcn tile sltm ,.i lI' e'leiiLatd poroity of 

Io2-orr(the soil bitween lie ton s 25-7t cm 
dcep so ,csts that it i,atl Io packcd, st:fIo 

milfIx.
 

"-sl lvdt;ticlic IttI h ,OIIS. ,oilo t1eC iioislure 

k lcharacte'ristic and tImc tinsam'itd hvdraulic 
+d'oildVict IItT''a toi l cnesIV dCscribLe ,aIter' 
iVtvIti it so Is. We deleuincied Ithemitt

r;tcd tydratlic c tnduItYi, i lict im tnsin2 the 
Itst;itital nlciho.J, h0T, CeUoipitlcl I-wnurc I I sht ss 

I. hat the insat trat':dh\d :t i cooIIdtmsdtct it ait 
cii, 30 cm, 75 cm, and 120 cm dcpthIts rMaCs 

.%!. %t;"jlk'.:O ao+ j nsatut tci h\draulic c ndt tcl s\itv tit co rse 

':, .. ,.sand\ .oil is I) to)I10. Ih scrcsults confirl 
... . ... t r ield O i'i,' it e rI C\C \ il",  Illit 

"." ' d\"'it(.inc, ,isohlS..i .,oo. interuui drainaee. 
. lie ml.,";'tumicil h\dat i cCo tdcoii. I csutlic aic 

. .. .ubsoil thanl inl the slface Soil andrcir in the 
-iiire 1). Profile of Verih Inct iril (lih I) %tislinlg thercf rc the /(Itl l testrl Itii ) swater rilove-

Slitllhm mildepth, I(HISIF ( ener,1987. iileilt iS the tops,,oil. 

anmmd citent and texture 
I(RISA[ (enter, 1986. 

iiibe 1.i.lnd, silt, eIt) distribution in two Vertic Inceptisol profiles, 

lo,ilcI Prolile 11 
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... Porositv of stone-hf,_o soil on the Depth (cn)
 
bais of volume -4 15
 

Stone content on the basis of mass Q--o 30
 
.... Field hulk density 0 -0 75
 

....- Stone-free oil bulk density - 120
 

Total orosity or stone content ( ) 
0 20 40 60(-) I 	 = o 6 

II 	 = 

-

30-	 * k, 

--	 8 F "
" 0.! 0.2 0.3 0.4 

Volumetric watcr conten (cm3 .n- ,) 

l.og K1:29.2 \V(' 1 -17.5 r2:0.997 r!;e:0.048
60- <.,Log K,7250.2 \V(C<3 -13.3 r=0.996rse=0.049 

, Lag K, ,"7.8 \V-(,,-2).7 r 2:0.997 rsc :0.050 
/ ILog K, 2,,:98.0 \VC,2-32.3 r '70.915 ise :0.274 

// Figure If. logarithm (base 10) of unsaturated 
hydraulic conductivity, as a function of water content 
K(O) at four depths in a Vertic lnceptisol, iCRISAT9Center, 1986. 

( ) 	 Animal Power 

Constraints to Animal Traction Adoption 
120 	 ( in West Africa 

Lilinited adoption of aniin al traction technology 
in the West African SAT has long puzzled devel

jI opicnt officials and researchers. Because non
availability of' labor for land preparation and 

150; weeding are often cited as major production
coislaints. anni tract ion should, in principle, 

0 	 1.0 1.2 1.I P. 1.8 save labor in these operations, making it attrac
live to limited-resource farmers. Nevertheless, 

- 3)Bulk density (Mg 1 traction systemis are employed on less thanm 15%
Figure t0. Porosity, stone conle!, field bulk density of the area sown in the region, despite public and 
(wet profile) and stone-free soil bulk density in a private efforts to promote adoption spanning
Vertic Inceptisol, ICRISAT ('enter, 1986. more than half a century. Although a number of 



farm-level studies have diagnosed low adoption 
through comparisons of manual and.traction 
systems in particular locations, their results have 
generally been inconclusive and often contradic-
tory .Most of these studies were time- and place-
specificand could notsupportanalyses ofbroad 

S..factorssuchas climaticiedaphic,-and household, 
characteristics that condition profitability and 
adoption. . 

In collaboration with a student from Stanford 
University, USA, working under the auspices of 
Purdue University and the Semi-Arid Food 
Grains Research. and Development Organiza-
tion (SAFGRAD) we analyzed production data 
for the 1981 and 1982 cropping seasons, col-
lected from four ICR ISAT study villages repre-
senting the Sahelian and Northern Guinean 
zones of Burkina Faso, and from two study Vil-
lages representing the Sudanian zone monitored 
by the SAFGRAD program. We used compara-
tive budget analyses, econometric techniques, 
and whole-farm modeling to measure the response
of productivity to various animal-drawn plow-
ing and weeding systems under differing rainfall 
and land-pressure situations. 

We found that particular components of draft 
animal tillage systems can be profitably used but 
only under well-defined conditions that permit 
high utilization of animaIs and equipment. Our 
comparisons of use rates and factor productivity 
across agroclimatic zones showed that ox-drawn 
plows can substantiallyincrease yields in farmers' 
fields, primarily in areas where the preparatory 
rainfall period is long enough to permit land 
preparation without significantly delaying sow-
ing. Soils and crops that respond well to plow-
ing-such as maize, groundnuts, and cotton-
further favored adoption of mechanized plowing, 
These conditions were mostly present in the 
Northern Guinean zone and to a more limited 
extent in the Sudan Savanna, but were largely 
absent from the Sahelian zone. 

Even under these favorable conditions, the 
magnitude of yield gains from plowing were 
generally too small to make adoption profitable 
without expansion of the cultivated area. Because 
labor supplies for weeding restrict farm size, 
labor saving through mechanized weeding was a 
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necessary complement to plowing where surplus 
land was available for expansion. We measured 
the labor-savingeffects of using animal traction 
for tillage by fitting farm-level production func
tions to estimated rates of technical substitution 
of manual for animal traction labor. In each 

--village the regressions indicated that tiie-nargin=
al 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-as is common in the 
region-human labor is substantially more pro
ductive when working with draft animals than 
when following traditional practices.

Our analyses also showed that the potential 
benefits of area expansion from such labor say
ings were not realized by most households 
immediately upon adoption, but required sev
eral years for farmers to develop the skills to use 
the equipment efficiently. In separate regres
sions, we estimated the effect of years after adop
tion (i.e., experience with the animal traction 
package) on hours of equipment use and on 
cultivated area. At all study sites we found highly 
significant positive relationships which suggested 
that maximum potential benefits were not realized 
until betweern 6 and 12 years after adoption. 
Before this point, early adopters who obtained 
animals and equipment on credit faced cash
flow imbalances associated with debt repayment 
which, when accompanied byunfavoiable weather 
and poor harvests, often forced the most asset
poor adopters into financial loss and divestment. 

Satisfying the climatic and edaphic conditions 
for a given equipment package did not assure 
high utilization for alltypes of'productionunits, 
in part because animal traction systems display 
important economies of size. Opportunities to 
rent equipment are tightly constrained by the 
synchronous nature of tillage operations, with,1 
the result that the large investment costs of 
animals and equipment mustbe spread over a 
large cultivated area to achieve profitable levels 
of use. 

We constructed a linear programming model 
of a small farm to trace the effects of farm size, 
restricted access to land, and limited utilization 
of draft animals on profitability. Because the 
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analysis compared maanal,I dthinkev, and oxen 
s'ySte.tms. the mllodcl's technical coufficients were 
based oil survcv data Iroll one Sdalliaill-, e 
study vii age, the otl\ ,itc\i ele tbscrvatioln, 
\\Crc adequate to specd\ all three s\'stem". 

Amtal tr~acti1 w,,as 4i44theinitr4d iced illto1c4.l 
as an variable:. atkin, itatecr ii:-a.,ilable I 
whlile inliposin, the allnu:l cash ald lalhor C,,ts 
(d1 animal Iliaiiteinanlc. lhe extent 1u4 whiuch 

In!+,iiIaIls a.neltaed. detutcldraft , , IhI\\e IrIaIi 

+al,,,CrdltdOeleu ,l' t (.'t4nsiStcit "itth ce a-
>1111 as ilahilitv 4o41lnis, hkId labor. 

Inl iliec separalte liii 

;i.1'tio)i l I I)tile 
1lm4ic4,111d(3) tile;!,\.. 

(),\-plh .4(444fl14'4,iih 

the lul ict:d 

'Ac ;P>>II1iletld4.ec4 

l l<cI (444sthe il 
nil. ,,\cd r t4!4tilclc 

,, ,tprolr1itlhhc 4, 

,tm [pl,I 44,4 11!t €C\p ttlliml :1111 

dlr:4t-tcAMt 1, 144 (,<)h 4144t4lti4, 2144\il1'4-On,' ile 
'e:1si4 lii cn 414as,, lh 41(,, ( hdic(lcd thut ill 
;IdLt4p )ln4l , 44tii: hic> t'o'A C i 41>.41 ii d 

C1 4, -1 :IY1,t(.tin t;11111 u4Il,1 l+4\ - 4,:.11 t in i 

11lu;t L.4lu4 il4[' h l-xa4hc " . l linltl4 Ilth r, 


diatt ;tll4tli jk, A ,)1 14. 1111 I il ill 

.> A hi 44,, .
il)4c' t .' i teI l 4,(4k4> I'S 41)\ 

.I'/. 


,\ilh :ui<,plii: ()! h4th 144t.1 
tt~lJi44illc441. .. 44 441+!!l 'LO:l'lc 1 1Y'.Of1)-? ,', 4 clc. 


753 t44(4' 4t:4i4i 1h444c ,\.lc
4ni lin44t. gali:4 Il 

11Clth[C ,ii (d 14.444 42! 1011.1eI\i AC4~4 
11011. \1l4IltL lIt' illd(c i theoeCtIUll14tL'llt %%A11 d 1t 

ilIc'tt 1 4 th1t41 h.n444t' -10) 
In 44dCer tl th, ct-c 'hirnilic 1 ilcrniflii'--

i11,\1ce >i'+ .i>42 nrieljtltwIA::!t Ic iid the 
4i44c1ler till cc ellr\ci Ckli1glitii/atilnm iciti


tlo icilli[41 t tclitt. [l\ tar titall\v atlteu-t 
lc' lltll.lt4~ 441failyl 5544 t'crs. 55t' :41>44 otlrsi edc 

tll1:l. c4,.ol!1lil4lic)>1441 ual144-iucsol (d i/c I l 
IfI' tll'1 . 11i1i44 \\crc plsiti\eyiO i4'\selllICe 

;04>54chiictl \\ith llil' si/c. Smaller farllii4. 
tclills) 441 .ullieltcd a[lrcand househiold lahlr 
!1VC'44t C di,a<.lt [lie labar rcllliretl to11zieCed. 

14ilitti tire d1raft intimals dellands a lter 
,shaiC oi their total fIariii lahbor s ppl. and thle 

>141i41 art_'ea limits use A4draft iiaials f44rsowi 
41-1th 55lkedill1 and plo\iigj t( UticeoUltlliillY 
44\\levcls, 

h-iallv, we coipulted ilte return oil ilnvcst-
mcrit of aniinal tiactiotn by akitigri)i aeeount 

initial purchase and annual maintenance costs, 
and tle time lags in achievi ng beOne its. Based on 
th:c ilmey data, the risk (f losses from the death 
o drit aniials was also included. The model 
p~redictCd til;t the initial invcstment in the full 
Oxen package was not rccolrpe( until the 51h 
\ea whenful benefits were :fls achieved. When 
\ camxItldc b.ncfit streams iat relect those 
n,,h.i\ed in the strvevs, the estimated internal 

f oxet 

3 1; to[ d,klk ,vtractioi, ,ellecting the lower 
ilivcstment cost,; and oillpar; lc benefits for 

dionley versus oxen iactaiI., lsiirg the inome 
pr .dictcdby the mldleo 

te 441 ,ci urr \ve( lC _10'i 4 tractioll and 

l,but restricting urtili
/iul tlli d Ica';rlirnto a lCC Colsisteit \ith that 

44[lser\ed inth,lield gavea ia 4t125(, ,ale 4oreturc 
tor t4xcii tractio and 114 traction.mi 1(',hr(,nikey 
Wlicn tile lcatri11 ,2period wa,, cut y hall, or 

h-,e ol utili/:tti 4 \\ ti I"v5(,i, ratesiwee |Caseh 

441let!lln \55l more that).11, ira}oXe2n trtaction 

444+1 litrc than (0i r lot ik v . Although0, titactlit4 

tho-C ctutt'Ils tlrI witit co lll 1erct4llIi r.abl\ 
ci4 r14111p.:411 w rural capitalates, ill'.Cgitolis hete 
nihik4ut2 imlrpose higi ri.,kpremtiiums, il rnral 
1 trc't 4 ltcI Call sub 'staiiiall txeccd these le,ecs 

-
cI>, In p4,lt lar. iliest' rat.+ 'ofrcturn may wcl! 
in; i4541i.1 .tir r skle farmi ersIlf lr-su c. 'ie wvho 

1',C t1ltCil 45 aSet:, as ilIStlraril- tosubstitute+s 

CW45e 1[hlctioI risks. Iid fani eMMeenis. 
rc ult carrv s,se ral imrplic:ations for 

llcchIll, / io4l i441li4_... the wvide diversitv(ii\C1 
0I \\c'st ,trica,. ctnipinenit packages should be 
designed and4(l Lirgetcd oil:\ to areas where rain

ftll patterli s soil lpc , alilland availability
i. ar ! profitable utilination of ech 

ric'av:imi olliiil. "'largtlirig swithini those areas.l. 

It ariru andi bettlr-clridso cd trlicrs would 
mike ;Iod+ption even lore stieecsshtil. Poor lar

potirig (o4 1h cutmmnts dei'lit; ilari\ of thpast 
faiilure:;. It is ,.\2vidttC that such a poliCy would 

l avmalrelv privileged prod ucers, those located 
ii! ones,and those more favorhllhr-toteltm l 

cihlow with farm-level r'esources. But tor144s4.cd 
lproiiote adoption aiiong farmers inmarginal 
.iita aind irionig those who lack tle coruple
lleatarv +lesICicCSneedCd to fONlly ntilize the 
eqtipmitent and animal,, will only burden them 
wit h unteiable investments. In terms of equity, 

http:r144s4.cd
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the ultimate consequences of'policies to promote 
adoptiton of traction systems alonltg V'yerpoitr 
I'armiers would almost certainly be even n lc 
dlCletCrion1s thaLn allapproajch thal favors the 
better-eniowed faralmcrs. 

Food 

lIcomi adl Osumption udiiiler )rought 
(:onditii, in \West Africa 

Pool r:iii1tll m '1,.1 seecrc'l' rediced crop 
Yiell in 11ic Slclii i;til Sitiliian olles of 
Burkina lito. ()ni tirlii-lc\cl stilics wcre able 
t) toliltti e that dlronclit-iftccted 
killilcrs e.illplto1\(d to nlliilli col-l household 

,tiIllI)tillii. ()Ir C'sUitcIC uiitriiw lOSI;and lO$ 
\.crC CM1ntillclietcd h\ at coilhorati\C Plojct 

1a\illthe liaol alo\ F oiic Resea(lrchI 
ltitito (I URlI). htich Cnillcd Il,\\ tolilel cle a 

24-h rccill stit\ t tolf oontinllipil COi-
dlictch i oI\,ecls intel>. I iI,tild citiom-

irt \i(lc'inI til t tlialli lone witht a it
lc ilite theSillliani/Imo lie il eis'eic' 

scle:c-ted to he rept stittil c each ,'ile. 
[fcatise Of tiletitlt, fionlii cuop1to ,ro-

dlitctin Irm the M054 harvcst met ct1l\ 291f' of 
lttilll eellrg r v(tirclililllttt e;achill /olc. lisig 
the \\"t(rld letalil I ir ll;i/aIt)II (WI ) Stitl-
ilaid o: •I 1.9 kilt otilc. 2S t (Calories) tudiy 
lor ia.tltiall . I )espitt this prod-icti ll stort-
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fall, the average Malhelialn zole household suc
cecded in niceting.,, conlstlipmtion rCqiremcnl ts
 
and achieved idaily iakc ol morc thain 12.2
 
kilojot'lcs pcridtilt malcecqnivalcit. In contrast,
 
actual colltIIIplitll lllilg itone
on Sltidallian 

hotischoltl s \v'lisoh aVeraIce I 8l'ibclo~v the WIO(
 

stanldaid. 
Our nial'Ysis of ilie'd i t ibuti l of cotistllip

iol acrosli isclilds ;lid tasolls revcaleld sev-

Cial addititoil paltcrilt lfilt di(stilinlislied tlie
 
Saheliauiad ldani it ntions lable 2).
 
[irstly. cOtillsiion Iel" e lot (UI' sublel clc 

stiltilll\' lo r ihtl\Ci' Mlie _iiCtlik diStritb
tilted hetcit hulinsliolds iii the Sitlainiiii itie
 
vrillae-'. eit ri' i ,l the \title' of ioasC(S
 

tld Ciol(aill an1,1eel s i1iiincdiatC! I hCfre ihC 
19-1 haivestI p r adIlt CilnilIlti. iearl\ all 
1o11-,0tips '\,!crc ,hort of fold in Most scison.. !ie 

SaIlhcliati /inc pmitfcs atstrikli- colllta"t ias 
i ialtate conninptii \ lseO IIInlicd malinl\ to 

assCt-p1Ol IItiSCe lilIs 
S.,cooIf the dc'r tl'c rsie;iica l \'arii

i1o1i fl C tilsuiptioil Ircote,:ntcd hy tilecf)Cfl'i-
Lietlt ol1 atiationi (('\')l waI, ,ilso s bstlitiallv
 
t!reLitcr ilI (Ile Stdll ill/olC Ihili inl tC S'ialte
hii /lt. Sihieliti /m]n. Iamiler wcc bettr aile
 

ivoid fairc salsoll;l edtctiol ill ct) nptllllll-
tioti h\ stpplliii!til Cl slock's Ithulth 
t'Cal ptlrchi s. 

lhiril!. tIlr otilliltl CO11).Itl es olciterv 
deficits ill the Sltidlllnill totie Wel lliiliid by 
the fact thti scasollii coistillition and activitv 

Table 2,Averagle daily energy (kilojoules) consmimptiomn per adult-equivalent, by season, for house
holds ;tlaified by WC1tlfh ill the Sahelian and Sudanian zones of Burkina Faso, 1984/85. 

Hlotsehold 
flegi,:n wealth stalu 

Sahel Poor 

Middle 
Rich 

Sudan Poor 
Middle 
Rich 

1.Energy levels it) it;lics aro 

Sep-Nov )ec-Fcb Mar-Aug .Jui-Aug Sep-Nov 
1984 1985 1985 1985 1985 Iota I V(.v(1 

/0.91 9.,IV 9.5 10.0 I.V 10.5 25 
16.4 13.3 
13.3 12.2 

V.,C 9.2 
8.7 ,.3 

11.0 10.7 

below WtO standards of 

11.7 12.2 12.8 13.0 28 
/0.7 12.0 13.6 12.5 22 

9.4 9.0 1..0 9.7 37 
S.3 7.8 9.5 8.5 36 

11,7 /0.0 13.0 11.3 34 

11.9 kilojoulns (2850 Calories) d I per iidult-equiv ilnt. 

http:CO11).It
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levels w~ere cent ra-evelical. lEncrgy Intake w.as 
feast ini ch stratI III d IrItill Ithe croppine12 scals'iII, 
wheii dIciloatids omrcliigs cxpcttditiirt \\ere 
p-catcst. I hII, 011ii"Iatei w~th thce Saho.-ian /011C 
ss'ltcrC(.'nIiIIIIlt iI \ sCeIISi'ICItkl lii',est (lii-

leas. fies~ilipj Mils llecltint 

sc~~~~~isliilhl\~ ~ ~~tlteli 

iliii\ litdI tIn ( i)' ttismIIllI lIlM 

mSatlOll M5Ilcil Iilsilil. i 

t~l illelmII. 

iiiiiiW~ ~ ttl~ ~ 
tit c.\1tIelil lip 
liflittiU al III 

Lli15i~itiI~ltdiiilie (lieo ililain ht ojeimvlt ill 
tOler[ to tlii l\lciiicul h iliitieis 

I'l~iltliii MIClin iccillilillctd IItIo! liiiiniji-

InI (% lee i I Ini ise-p1),'111 15: ,IIIIC, h itII;1IIth 0 1 

ftiiiisc)(iicl iikttimte eilliicoii a hi-ieiie 
tWi cC Ilt' lotii tlilchtisetlIm' iiiiid thw, %%eic 
110Cle illCIhIuI)IhC i) Illit Let ililcliectiiiio. Soli 

Sl1iilIh1iht%%I,&, imilthctiiilki\ i (111e11111itilt.h 

Iiii ht1 ilt IS tisi IHI ' ll 'ILe 1)(Iui stilti S'i> pin1 

Ciudistd. Ill', uIIC;I11t tihu ntCCilt l 1i it1!1 [11iCes, 
litiriii icak tllii!' Ill!' peltI liecicI(o-111(1 

scnitimml filiec "'l, Ui" (1ii il*;l 111iiiU1 \1(' Icct 

pltif oletetuii pml[h)~tIlL ei lii 

siunuificaitt %citicitit citilsitilltiml jilitelis, 1:1 
-)Iilt twit / li c\%.I 'ed hilt eiiipii 
Mnenit 11rid inteiiitie piti0 IC'(d iii 

\We fIuillit thu silieliii iii l 
itteltie stniitc!!w> thif %tl h)l 

lisnseictissseeilsii'lceii 

IMi (Ciji Iti!,t)(111ii 

;iLCoiiiitCtl 10t ill 21' 
hli /tIe hilt hil 

Nli iltemIIis sale'", 

1Isstiek iiiditi 

uflis l:iiiil 
It ll lMlle 1 t1iL aitw-

til 
o' l tiCi hi~ piii I)ol. idco 

11tit " iht lltt 111011tle 

Silirill 'tih cipmni 

ItItiltiols' 
11mci pil Ilc( 

1'c ill 
Lii 'uiiti~ii 

V. WCt ldht'i 

l ilch Slndiiman tie 1. 

it1 jitlitte lliicle 
ieniji lthui Mu~ich. 
teaIs:1 t so~wrid it hilu 

IM. l1Iiisehiildill tht' 
to) tlhiiie Ill thc Sticlitil-

ion /mIe ( 'I A 1 1,10 ". CI A 

tiec 1)ii1hi Iid . SVW C 1lie to ha 
dteiitIIHIeLI [(vciotaMIC tiim 
centteis of Butkinam cii slu 
counltries of West \1t ic, *:;Iill 

theCSe soln0its himis clelti' 
55ith 1oci oIp inCoilie. 

.sniiRTee tles: t!Imeietti tenld toi 

/100il p''! lii> 
'WI I i i p:.ersect ii 

I tl tho: ui: a 
ill Aiteciastall 

Iiclels Ifront 
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gatu househiold incones from the effects of 'ari
ationl in)local Crop filodllCtiOit. 

Although we (11( not atitcmipt to rigorously 
esainelll ih1estruictuiral rfcterinlaiots of these dii
1feIiiiiees Il iiieoilic strateies, bacekground cvi

tilisIl Ilit', hIMIi ciiiStitiitcd tacenltral clemtict 
~l ~ ~ i sIi~iistrateitis ;Indi idenitity' ofI~~lcit Cuill(it il 
I1 ct hinic llius ss'iii 11ithi thle Sahellitn /ote. 
I his rcflcts Ilo iltOil\' ( polaltimil pressure 

;.11d thUs ltcitu CCCSs tO IOuIICIIliVit~ la1111d 
iilliheL 101 ovIM-e Irol tie join1. [(LIit ~ih 
ecspiilsc, too tile I ie r prodoietioii risks that 

cIiataeltecl / l ~ 
elit iieilives toi 

sulch aiti ho.timik. ;is 

pastA IlI\L stiiti (II ti 

inl thatl (Ione. I liese risks 
in lls nit ciitois assets, 

it (di I'licolfm itimil.tlC. 

ilo estahlisli links with 
Iciillst o iii )O II,1 OWisilt I recoinetit11i'ticti 

hietil titeclaittitial S%iriatiori Ili crop IIIC()lli. 
11)(iuitlilsi, l;irltirilgl1iisC1lil1"Illl ihC 1ieInin let 

ill lessirI~ihfc 

Ill] utile llii~ triilIIIitiiil\ 


p'i~iiclmheeiiilictitek.tllesiiin\ 11aItf 

(lnaleititoiite 'Sudall

-llpiflsi/edf Cropt 

plmle 'tlcsitrndeoe 

hilicil dlc,11t1o ill tOis /oiie Itilv loguttssivel'v 
ehlitiiatd )it' o tilth , __'Im potenitial. Itirtfter 

CreohL'iciru tile ittipol title'., (di lisstock. I antd~ pies
iihius 1 iiiiliiii-" 

kl tiiesiiile 

sIt>m icn ai. 

iii111% ocimuo 

itulijeol the ciiieitVy of 
,iiitiu ic eIli proolti1CC itd 

tipitiscs to 1[1titte thieitfroint 

iilf\o ani eltively recently, 
iii lni ail the estlihhishincrit of links with 
CNieIiial ctllpo'nntenlt have rnot x'et [(CCIIil de
oLitirtelv dCseloiped to repce)I theL inISorritIcc rile1 
Iilii lIiti his ~iinrmi nd cereal stocks. 

)iiIf 111)(111tiIL 1mise soveral Ill)plicatlolls. Firstly. 
lsineitonrot tour by region. hait also, bys 

11mitschlttll x~ealth and sisoni is csseiti:1l to 
dc 'i i th Iitaignit dc, ioncatil id w11oelfare
eotejite'of Crop failures. ()srfilI 'eiites 
LIii itiossfv i(lereCStiiiilit the food plililn 
fcpeutditgut pon thle nii1derlying uistrihutioji ofI 

Ciinsoin1iftil aeriss houiseholds anid seasonls. 
Sceotuofly\. too asess the iclativi"'ed lotr relief' 

assinettliicni recons, mleasurecsistance "hetsscett indirect 
Slicfr as sield (I caifll (hcfie'Os may poorly 



lood 
tht-le are 1,111portaill di!fcrcllcc III tilt- st lucturc 
ol plocluctloll itild III
p(mcl. I )IIc to ILL'ilollitl v;II-I;IlIGII Ill 111COHIC 

iil(,;is of "!Icilicst IP", itic [lot 
it\ ill 111t: lo% -rilllllall '),ahchilli /oIlV Jll ill CoIII-
W0111% -,1101 il.ilk, Ill 
Ill oduclimi o vw , dicic iwv\ ht, !,ic;itc; I sk (it 
'4",CIC loOd IJIM lit the "Ildillllilll i0lic. 

111 :i Ll I.\ , Ioil()%%IIll- it 1)(lot Iml delicildclict: 
)IIIhe Hid (Let illId t 11Ll,\ Ill IWI! ilhdit to mitrkct 

I I III)CI ICLA !Oll', t) 111101 ilk IO',N Nl 11(k ',itc" illid 
v,ci!lf 11 l I tl l I lit: [)ill lictiIiii k hqh m m kct 
dcpt-Ildclick- W poollcl Ilmlwhol(k ill hoth /(,Iic ,. 
'illd 111C [1111i the [)IIICIT1t'd IIIAIL Of HICH\\il , Id l !T ,t (fill [lit, [lit. pic 

v,licit cc I (-,;I 1101 111;11i III ILT , IV 
i) - IIld icl! c thill IIII Ill 4)\ (:ItIt'llI " Ill IllitrKut 


Io I(Iducc IIII[cm,21011di Ifld lilte[-

Im'." Inill-i"llis could ha\c IIIiijol hell-


.hI, lot [)()lit t4ficlemw and ckltllt.\. Wilcic [)lit.-
I , I II 1 1: 1)o %%c I ac k11,1g, 111!L*c I itt Io n oI sca so ititI 


cMph'%111cilt, "lich it) public \%A)rk p olect" 

IIII W At h.\ l(md-lor -\kork programs. may he 


cllccl Vt' alld cOlliplellientilry pollc\1 

'11,Nlitillic lit. 


Improvin! T echnology 
Land and W ater N1,111.1c'ementP-1 

Prilmil.\ I on Alfisols 

I i c 11111cicill "I'm,1111,11 i1i'l thilit'. of Alh."Ols I." 
I') hril :11mic(Faw stil-facc hilt 

hl the k \%CI kt\CP,, ( '0I1M-'LIUcIItI\, IIICII 
IIL' oil[L'I. 11011C to ,IIUCIHI ll LICIC1101,il 

Iwil k-;Idllll lo 111111% Lk-flMl \ it, hIj!II 
1,, I , h "' I Ill hir, Iccol(jed lot the jmtcl 
It()i :/1 )w tm1pact wil ( 11 thr "():I ;I! dcpt 1):it lcut." 

I I I!, e l, I d ci o I) I r( II I II I 11; 11
lit-, 111111,11),;1, loom -1111111 

tilt collip;1cl ix.cl hill ik !'Ilccl lic ('11cli 
"w;It. \Vc thc1chm IMAIC(l 111','Nj)C1IIIICIIl to 
IIICI',LIW 'hC IMILI-ICIIII ClItTt , A 11111CICHt tlll;lll(: 
Iract ]I:c." ;!11(1 oll imictidilit-111" dL".,*1I1IlCd 

to Soil phymcal constiallIP). 

AY.wilne 11allaKellit'llf 295 

HCN ell IIIIa,_,C ticilli'lCill", dk. ,crlhcd lit Iithic 3, 
\\CIC III'll i1111 fliCki J111111t' (he 19 ;Is , iliIIV "CANoll 

1111cill colillmicd [III 19S7. Ilov.
'L.I I( C\cl alm.-I "L'11", -,cell of the tlll;tl- AllIclits 

11CCiliPIC oll (hell pool ;)cj j()l ,LIluill 
(('Sit (1) wir, -'IOV, 1111)all %cm pl ill !Q,"-) 

hell, &, ;I Ic',1111 (d C,('It' ',;IW)t ;I Wl 
)m t_1111111, Ilic (-Xpc: '1111clil 11 \ th L'il.'1101 

kh'11?11 C(MIN) 11111 cl I11*11CI %1, i111111it'Ll at 
Ilic Iatc, of Oil I, X Im till I . 1,1 P hil But-
10L'k l \k Cl CilCd m A! t III;I1!c 011cl 11Ioll', CNCL'pt 
101 fit(' .)5-Cll) (ICL-1) tIIIAPc. "tIIICII \ i!:, 11011C \ it It A 
(10-111) !1tclol 

I!Cilifll,'Ill', illdl HICIII(IC file MCM I)O!jItioll (it 
ell IICI 

I.e. 

ll it1I I itIld I I"II,Ill I W A1111%Icd liccd 
the ',0 11-1111111 %IL'ILI 0)II1I1;II1_'d Io IIW II !C,I)CCH 'IC1),HillLontiol" I I", iilld ], [ 11thle ilikolnolitilOllOl dIof (11%clop [cldilt", mtrol!c1l 
dullc! ell('\ Mid 

I,)1)1("0,)tll('l I_-I')hICIII'. ICIAlCd hJ.S0\%IlW 
and 1111cl ("tiltI\ ;11loll. W11cl . ph(),"plit 

l!". 

Ilipllcd, Ihr ill cl op ll (m ill %\it,, POk)l 
Alid "C\ cl ill 111111 L'l ',Cd!Ilolml dc1ICIcIICiC. , %:IL' 01) 
Ill 1101111111ill. Pt IICIMI[I"Il ')h0\VCd 110 
sli" lilt Willi ( IIIII1IH \C IIIL'IIl Olh l\'%Ill!" d l _ 
tioll of pho'Tht).m 

I IICIC "wililicillit (P OMI ) dIlIcI*(:ilCC 
\Icid,) m) Illc [I'Iditiollall" filled

(T., 10-cIll (ICCI)l dlld 
,pillcd %\,ill)11;1

dillonill p1w\1 I- (1((.I) pj()v.1Il , 111LICilAd Icl
 
agc ',ol .Ilulll \icld h.\ ."N' , 'llid thl", Ilicicilm. III 
sol 11)hoth h1,01-t N,\ 3) 
illid IoV-IZIIHIitII PM-l ;111(1 1980). PCII('11:1 

deep) ticamicill , f 1 '1111 

It()[) ILII I,,Iallcc \\it" ltmc')l Ill ffic ducl)-plimcd
 
1)10t [!110(1121101,11 file ClOp-rlov, M!,
 

Ill thc IlIst d 111cic \tll. Ilo ,Ill Ml Icmll 
P 0 ')) (11, lerclIL-c hcm ccll !!rilill \ Wit]." wid.
 

111%cl 1111! tilkilc ( I ,, I . CHI LICCI) lliOld hOill-d
 
I)lk)%\ 'IitI,I mid ImIll 11%
"1[11111 tilliwc ( I , I5-cm 
iIcc 1)). A itIcalit i1IICI'Ci.,L' III IN*i1ill ViCILl V\;ISoh"cl NC(, oilk , C 5tll L'Al (11Ill ill file C \ IIC Illll(,Ilt 
1111pit, till- Ihit I tilt: hcIldit-lill C.Ilcct oll lionillvC11
111: tillill, C:11;i old hC1,0111C NI)IMICI)l ill'[Cl 1w\
cr 11vcill 

Ill 19SO, plloloyrilph , of [oot wcl.c tak .-ri 7,*) 
daYS after Cincrp I)CU M AE) from fit(- tillage 



296 Resource .lantageient 

'Fable 3. Effect of different tillage and amendment treatments on sorghum grain yield, runoff, and soil 
loss, Alfiol, ICRISAT Center, 1983-87. 

Sorghul grantl yield' (t ha 

2
Average of Average of Runotf Soil loss 2 

--]reatment 	 2 years 4 years (mm) (t lia1) 

BBF Configuration
l1. Split-strip plowing 	 1.88 J 
1", 15-cm deep primary tillage 1.76 

,application of phosphogypsum
 

at 10 t ha I
 
T, 15-cm deep primary tillage 1.02
 

+ incorporation of crop
 
residue at 5 t ha
 

Flat Configuration
 
14 11-cm.+ deep trad:tional plowini, 2.52 128 1.66
 
I 15-cm ilnlnmrtinig primary tillage 2.83 102 1.62
 
'-, 15-ci dec t, moldhoiard plowing 2.76 106 1.70
 
"- 15-cm deep motldhoard plowing 1.67 - 

+ ipplicitiofilol ph oplio)Yypsum 
at 10 t hi I 

Ts 15-cnl decp loldhoaid plowing 1.44 - -

Iincorporatiohlof Crop 

residue4 at 5 t ha 
i2-cmideep imoldboard plowing 3.22 85 1.41 

25-cm deep ntoldhoard plowilg 2.14 - 

application of phosphogypsul
 
T 25-cm deep mtoldhoari plowing 1.65 - 

+ i.nco.poration of crop
 
residuel at 5 hai
 

SE 	 ±0.13 ±0.07 ±4.9 ±0.279 

I. 	Grain yichi aliItc oI ticatncnts I, ,,. I,,, and I, are averages of4 years (1983, 1984, 1986, and 1987) and those of treatment 
nos. . ,. 1I . 1- 1,,,, and II are averages of"2 Years (1983 and 1984). 

2. 	 Aeage \.alJLS Of 19Mf aInt 198 7 , 

3. 	 - ta collected[); iot 

4. 	Chopped dry rice sile inrceporartd in 1983, chopped iry sorghun stalks incorporated in 1984. 

trcatellcnls ( i'i. 12). Root penctrt lio lias well is Soil and Water Conservation on Vertic 
total root mass and Inceptisolsinhcrcascd with depth of tillage. 

Signilicant ditf"rCncCs in runlfTWerc observed 
between [-. I,,, and ",, (Table 3). Runoff was Shallow Vertic soils cover extensive areas in the 
highest ill the traditional plowing triatieit (1.) SAT. They arc often erosion-prone and provide 
blt was significantly redutccd hy both types of lintiicd atnInt s of water to plants. The critical 
I5-cim tilage trCatmntnls ('lC illd 1,) id fttrther illportancC of the topsoil of sItch soils is illIs
teduced significantly by plowing to 25 cm (iT) trated by a soil profile with crop roots (Fig. 13). 
(lahlc 3). Tillage treatlments had no significant l)eep-rooted crops like castor (Ricinus cornini
effect ott soil loss. nis) and sunflower (Helianthils annlues) and 
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/1 

1'' 

C~ W 
IJ3 

~ ~~~~~ i' lradiliomOl lohw\iS!F:, 

,, t, () i, /;? 
toi, 

I)ep I ill;IL " 

Figure 12. Roots of sorgium plints f.rown on 111Alfisol under three tillage systems (lefl to right: deep lillage,
nmoldloaird ploiirg, and tritdiional plowing) simiipled 75 days riifer emergence, ICRISAT Center, 1986. 

treces, establislhed in the topsoil, can extract rows, 50-cm apart) with a 20-rm horizontal 
ilioistiic and (sone) nutlicnts froi the Atlb- interval. 
.,Itia. But if the top 20-3(0 cm of soil is eroded, TI Filat-planted Icrrcaena rows. 20-rm trce-to
crlp cstablishinent ard early growt in the gr - tre spacir:g, 20-ni row-to-row hori/ontal

Chllv aidi Ceiaclicoi, Sistriatl;i is difficult. intervi al. 
liA 19,q85. we appliLd the k~i~ss'in, treatents ]T. ('otitrol. ('iltivadtion of alnltral cops on 

oil a conir I,lout %%ilh annual cropping in contour". 
0.2-ha phI le trerichc could siore 15 mn1n runo'ff water.
T,. I rcnching %ith leucacrial I tllculcna ]CL.co- (aslor (c' t\rna) vas ron as the artu a l ) 

cu'p/,'a ). 1rrcches (I).-iu cross-secti onal in 198, and sunflower (c\, Morden) in 1987.
aica) witlh hunds (Fig. 141)at 21}-ri holri/on- In 1986,,87, hedgerows aid f'lat-planted lu
tal inte ils ard leucicna at 2-in spacing. ccna trees caused a small reduction in the yield 
r,. ; nihtca var iftTrnchirig with acaia (Amwo' ihe first fcw rows of castor hut trenchirg with 

cripreih'rn'lis ). \s for huti, Withi aCaCia acacia or lecaena had a gencr-illy positive effect 
at 2-in spacirn. on castor yield (Fig 15. In 1987 (riiny season),

1.. Leucacna hedgeromw. ItHedges (each of four sirlnnlower yields were Suhstantiallv reduced by 



"w. .-.+ 
~,,: ~2~ 
.:....'."+..Y,. . " ''° • 'i 

fat-p Iaflted l iccaena,' tr-e; up to Idistance of 4 
n. on either side of trCes (jig 16). Although tLevicd ,,r the two,+,.,,,, . of,, n wr., , n,,,l,: -,, -c,t th,_ 

+ ' . dgcs wa
ISC Nin 

,;ilso d rI ,it ali ito redtced,n1.Sn fLIIoII 
the
'(VL 

icld 

t l I h',Itht;M e - dh ua x e t h s id t I"C ' ( 'teld 

. 'Ir)hade4. Imot oiftratn,ilds ( ruo1 f).Itn hi 

r... ; .il ,\ hI,: rUof
r4rI lt 1 ,11[1d 't2 , ,ion 

Wi;9t c v.n
1 1Ci+l4). H~oweverC 

Iffg 
, COM P'.tr

++,. , (it td pFr I uutiv\ !iltv n ) ttMICcv:Iltl;l

tg1oeri I3It wh(diI fIrnlChdc tu ,lttntntr,caII o nly 

ers1lofr2 ~'drM\ etso. ISA -011 

,,'f 1.:....:.,, 

4 

': 

cose", s 

" ,rosio",c 

t 
IIL " h _ I (tmm),+i!llI\ '-t~J 
Table 4. Effect of treatments on rntoff and soil 

from a erti !nceptisol, I(RISAT Center, ,niecln of 1986 andlf 1987. 

)i , g,) .: 
iii.,d+t " 

. ; +.... ._ ,.+!.i 
dier' 5 ) 

ki ll 
1 

R 1l'ufi cTro si 1 

• ,vI mircching..+t 0 
Iigtire 13. 'ator rm,.k in calcarcow ,, ;l randl., lldcro .', 5.t) 21 O's 

I'1 ('nt7 r C n rolt .550) 04 4.7 

1110 t1 0. 

n~t lelel 

Figue 14. Diagrammatic cross-section shwing tie scale of components in the trenh-hund systemn and the 
ptositioi (if trees (slope exaggerate(]). 
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- Acacia tree rox% with trench . .leucaera hederow 
1.5- - - -l.eucaena tree row with tlrtich . . FIlt-pla nted ICleIa.n tree row 

,-;
 

2 - Io 
Distance from tice row (m)
 

Figure 15. 
 Yield of castor as fraction of yield midway betw een roms of trees, Vertic Inceplisol, ICRISAT Center, 
I 911/87. 

.20
 

0.4  /r 
£TI I I I SE
 

I I
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III I III 


10
 
Distance from tree row (m)
 

Figure 16. Yield of sunflower as a fraction of yield midway between rows of trees, Vertic Inceptisol, ICRISAT 
Center, rainy season 1987. 
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Reskrch \a;I iniitt-d in I .4 (Anilal Reporlt alternate frio,S (IAI)-AF) ttmllCentS. lotal 
1984 pp 2i,. 27(0 mi the evalnatioli 4 1l1C 1.11) Iunoti (aa fraction i seasonal rainfall pins 
cTce'pt. In the I 11)s\. telO, lle\el hVdlCxa, af)plid ', atil) \Nas 30.7 ' for the1.fully irriated 

i i tcLat Olli floiiivt i t;I '11"iCtii/f l / I of iII;ti t n lnt cotn 'Ad;it 17.7"o . toie 1ID 
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111C ;H 
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III the 90 ., (11)'ItT etin o h ll
It.. ilt\ A'.t.\5' tiilhiin tret \\.fsid totem ore dalle 

(' I1 d 1i iII *\h1 ol ii-ii: t I lro itlid [LiIsO\ All 1-,1lih1t \%'ith IlIggitglW. IHiC \tire" WTnp ,il on 
ss.tttn. kchlat ill plt , .,l i tllc 2)()-in) cti\ictc\ (W.\I) Itlehncd atistrCatmlcnt vield 

. i'ocM, i the VICmtrI OI irrigatiotnl0111 ,[uhpih t, ii t, t lpc. F.lIl!- uitnu, 0 itol pc' uit tlepIt 

i/et' tleIi lilt] )( 1ilptLi \,te , M id ill s tlt (kg d, \n"I."Iahighest tor tile IAI)
i i + 1i.)li1s, ' , lil 

tcIt slope sc tni,,M , i i' ii . ithlc 5. total treitl ncnlt i 112.,1 k, miml I (caculatcd lof the 
i ittlall l s; Ml' I;t atiid \\hole i by fitllybet wcM i id',tM .11it1IC hilVCt a I followet'd 1.1I)-A : i 

',, as. fll . iiitall tI in.'!q ..\ u t wa., S0 ,'i1, ated, highI fcrtility high popttl ttielrl (II lp), and 
tld 27 111111ll ill the Illlst iiutniglit ot Sep fully irrigated (I.F1 ) tirc il i lt:. 

ttittrl Lit\c pplie;iin t satr titfllitie 2(O 'hC 1.11) concept W'as ItuliCr evaluated ill 

Tahh. 5. Effect offive wiiter-itpplication treatments on 1rain yield (t huh) of sor ghun (CSH 6), Alfisol,
 
ICRISAT ('Center, rainy seaYon 1985.
 

D)ryland, Full
 
t,,htpc <cotton t)ivriand tied ridges irrigation lll) 1l11 t
( d l,>ilice .... . .. ... . ... . . .. . .. . each ailternalte 

tront lt)p. t 1), [1 Il'1)) HIT Il' tI'lF furrow furrow 

tpp i (0.2(0) 1.06 1.60 1.3! 1 81 2.1o 1.72 3.41 (iI' ) 3.05(11FP)
 
Mliddle (20-40) I.62 1.78 1.84 2.01 1.84 3.52 2.60 (I.FP) 2.25 (IJFP)
 
Inmkcr 40-.00)) 2.30 2.28 2.42 2.3to 1.75 2.95 2.00 (I.FP) 2.07 (IP)
 

SF 0.17 t0.121 

Mcal 1.66 1.89 1.86 2.06 .92 3.39 2.67 2.46 

WAI - (t inm) 1.04 6.92 12.17 9.40 
- i - -2.1. II 1 I.to ftrtility, low plant population; '8 kg N tia , 20 kg 1Pha', 9 plants In

2. 111P Itigh lertilitv, high plant populatiotn; 138 kg N Ita', 20 kg ' tia '. 18 plants ni-2. 
3. t.t1) limited rrgtion-dryltnd. 
4. Refers h 1 ,.t.t1) ticatmeni 

kg)5. Water apptication ettciCu C. (\','AtI) : tivatnent yietd Controt Yit'dl 

)cpthi of irrigition (moi) 

http:rig;lt.cd
http:tttA,.li


experiments with sorghum (CSH 6) sown on an 
Alfisol in late June 1986 and early July 1987. 

Rainfall between sowing and harvest of the 
sorghum was 257 rm in 1986 and 375 mm in 
19,87. In both years, September was the driest',teret,--? -" = :monthwith 3nly-27-nmn-m1986' fiiad-63r-i-in-: 

1987. To the full irrigated treatment and to the 
upper section of the LID treatment, we applied 
four irrigations totaling 120 mm in 1986 and five 
(220 mm) in 1987. A supplementary irrigation 
treatment'received one irrigation of 30 mm in 
1986 and two of 50 mm in 1987. 

In both years, total runoff water from the fully 
irrigated treatment was 29% of the seasonal irri-
gation plus rain compared with 14%in 1986 and 
10% in 1987 for the LID treatment. The total 
runoff from supplementary irrigated and from 
dryland treatments was 15% of the seasonal 
rainfall. 

The highest yields in 1986 were from HFP 
under full irrigation (Table 6). Under full irriga
tion with HFP, WAE was 7.5 kg mm-' compared 
with 1.88 kg mm-' for LFP. One supplementary 
irrigation (30 mm) gave a WAE of 7.5 kg mm-'. 
The LID treatment received 40 mm (on awhole-
area basis) and gave the highest WAE (9.19 kg
mm-'). 

The sorghum yields in 1987 were generally 
poor, possibly because this was the 4th consecu-
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tive crop of sorghum. The grain yield for the 
dryland treatment (control) was 1.2 t ha-1 com
pared with l.6t-ha'- for fully irrigated LFP, 2.2 t 

,, 	 ha-' for fully irrigated HFP, 1.34 t ha-1 for the 
supplementaryirrigated treatment, and 1.6 t has " te Lreatmen .t gae-- f fie--datment. The LDtetmngv 

the highest WAE-7.5 kg mm-1 compared with 
2.5 kg mm-1 for fully irrigated LFP, 6.25 kg 
mm-1 for fully irrigated HEP, and 2.8 kg mm-' 
for the supplementary irrigated treatment. 

Observations during these three seasons with 
relatively low rainfall show that the LID concept 
can provide a strategy for the effective use (high 
WAE) of a small amount of water in areas of 
unpredictable rainfall. The LID concept could 
be further improved by the use of tied ridges to 
trap irrigation or rainfallrunoff. Plant popula
tion density and fertility should be matched to 
th, expected moisture regime in each section. 

Agronomy 

Crop Establishment 

Plant establishment problems on the sandy soils 
at ISC are usually caused by a combination of 
soil, weather, and environme ntal factors. Soil 

* Table 6. Effect of four water application treatments on sorghum (CSH 6) grain yield (t ha-), Alfisol, 
ICHISAT Center, rainy season 1986. 

Supplemental F igo
Dryland, irrigation, ullirrigation

Slope section LFP' LFP LID 3 LFP HFP2 

Upper 2,20 2.48 3.09 (HFP) 2.63 3.40
Middle 	 2.11 2.40 2.71 (LFP) 2.38 3.2
Lower 	 2.14 2.20 2.11 (LFP) 2.35 3.46 

WAE4 5.25 9.19 1.88 7.5 
SE5 

±0.013 ±0.09 
Mean 2.15 2.36 2.64 2.45 3.35 

1-4. (se Table 5). 
5. Second SE refers to full irrigation treatments. 
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hulk densities rare mirn I .40-! .70 Mg in Iwith thus ensuring consistent seed placement and rate 
porositics t 43-36( . lhc higher diensities may tar both methods tested. 
hamper loot dcvelot)pment. Strong, easterly winds Ii Iial populations werc higher in rows than in 
ilshIalir prccdc raiilslornt% C'ausing wind cr0- hills, but scedling survival and growth11 was better 
.ion on iiiprtectcd lield,,:,ctdlinp's are also in hills. l\ctween 3 and 13 DAS. aver-age pearl 
-aulnihiasted and bulicd, In19 4, \w.started to niclt scedlinje stands in rows dropped Ironi 20 
,tId*v (te cfiICcts, of seeCd si/c, so\w.vili, t) 3 ii I hec rat total nuinber oflscedlingsdepth, so- -. ;i i 
ing ltct ho, peo\sin cultivation,and Iertili.,er in hills was II,wiii atn averaic of I hill in. 
application onl the Cthlis ltleit and yield of Maximnn seedling hihits \,'ere significantly 
pneal muillet. greater in hills (16.9 cin) than in rows (110.2 cn 

SO-±0.86), pthbtly because the nmutual protec 
tion provided by ihC Chlustr ol sec(liigs favored 

seed Size and Sowing )eptlh tile innermoost sedIlings. Yields were low because 
t0 ani exceptiontally poor laine season tihe 

Using a factoial design, wC studied tihe. average crop evapotraUispiration aiounited toeftscot 
sowing depth and sced si/c tithe establishment only 191) rIot. I lovever, gramr yied iror: hills 
cit1wo iiproved )erl iillet -uitias, 3 -1IlK, wa,, lipher 0.34 1,;a vl-icri:as \itlt rows it 
ind C'IVI. and Sadmoi I ill tlte hocal cultivar was 0.27 t Ila I(S :- .(.). Ilertili/er increased 
ilISC. S:etigin depil l - I c0lu.1 t .cl n. yield frot ).25 t hi In 1.36 t ha I) ( i- 1)03). 
and 7 CHI. Sed, wee er-ad( ink) II',11iio 

1il tilln', 'i-c' t.iterlt'. aln 'll,(1Il Hl 
hiul:!t seeds 1ltll lrvs.owing lhil!lac and Fertiliier Ilse
 

\\e c ,aluiatcd ehip uhilitiiut h';ptcet.
 
auIc cilleeCic. lirie di, MVeetateriru, ,i, C encalitel Iou r tillage treatments
a plrcso\ii 

the 1iijllb11 id scihlat roo, peedlir. at 1S': plowing to ;,depth tof15 cm, ridging
 
(top et:ihiishqint \\a',. rcciallv be t where I ridges touttted withloult arty ple-tillage, spacing 
sCeds ',s i ,, betm.ctuin3 arid 5 cm deep. Sccd 75 c.'i hteigit 15 cni, saxulndihtirg (small depres
i/c %k impolant. ( )I the sce'd, ,\ 11, Ji1ll5 :ind clods), and cl-o-tilled (control). TIreatas als) tiiul 

cniier_,nce "*asTYi lirot smrtall scdsv, .S! troui mits eie applied after the irst rain. Pi'witig 
inttim seds. i d 54: orl I e sees (sSOR aid ridin2 wit the soil at field capacity (8:;-
I .. >Ldot ire massInl (Kiserae 5phills) itea- lt)'7 Wter by olitie) reuced the mean bulk 

sired 2-1t).\S ' I - y m ,timaill3.2 rIl density oltle surface (0-15 cmt) to 1.22 Mg r 1, 
tnediutiru, ani . 0I lte se-ds (0&- 0.21 . incr"easing porosity to 541j. Rccoinpacti,.in due 
MNlaiiIiiii soit teriperat tilt\re to raindrop impact was slow, antdwere 47'" a I cIi, penetromneter 
4.13 (s t3i m.4 2.3 Cat 5 ci. and 41 C'when rimeasurernerts confirried tle persistence of 
ncai",rcd 7 crn deep 31 ):\S on a typical clear day reduced s'iil strength. Two nlrths alter plow
ailtle riillali. I he itaxirIrin stil temlpeiature at ing, soil resistance was still $0% lower than in 
I m " as se to tilhe lirtt itShch pearl iillet ero-tilled soil. lach year we applied 7.5 kg P 
Ccae , i t lirinlate. ha i before ciltivation and 40 kg N ha inita split 

applicatioi 2-3 and 4-6 wreeks aftcr sowing. 
Rows were spaced at 75 cin, perpendicular to tire 

Sovill I Mc11id lprevailing direction of erosive winds. Two iiii

pirled pearl millet cultivars 3/4 1-1K and CI VT 
Ji1084 weconpail two sowing methods: sow- were cmlipared to Sador local intile experi
iniin irils (ctlmiparable to tire traditional inclhiod) titeit, ar( we sowed 1.33 hills In 2. lillage arid 
and drilinti, seeds. We sowed pearl niillet (cv lertilizer treritmelts were constant throughout 
Sadoln Local) using a pr-cisiun planter capable the exp:rirnent. 
of sowing into hills or continuous row drilling, lhe average cr..p evapotranspiration for the 

http:Rccoinpacti,.in


local pearl millet was 320 mm in 1985 and 330 
mm in 1986. Erosive winds killed some seedlings. 
Survival rates between sowing date and harvest 
were similar for presowing tillage treatments and 
use of fertilizer (Table 7). Plowing ridging, and 
th6F-s-'7Of~fiie ,rs-increased crop establish
ment and yield in both years compared to sand
fighting and zero-tilled treatments. 

Our results show the usefulness of presowing
tillage in establishing a better crop on fields sus-
ceptible to wind erosion. Although plowing 
allowed more plants to survive compared with 
the other treatments, ridging seems the most 
suitable method as it required considerably less 

Table 7. Effect of presowing tillage treatment, 
pearl millet cultivar, and fertilizer application o 
hills surviving at harvest as percentage of sownhills, ISC, rainy seasons 1985 in Id1986. 

Hill survival NO 
Treatment . 1985 1986 

Tillage 
Plowing 77 79 
Ridging 63 61 
SandfightingZero tillage 4746 

Zrtlg45crop 
4759 

SE ±4 ±3 

Cultivar 
3/4 HK 55 53 
SCIVT 	 69 64-Sador-6 Local 51 67Sao6 oa7p.206)5 

SE 	 ±2 ±3 

'Fertilizer application 
- Fertilizer 43 49 
+ Fertilizer 74 74 
SE ±1.9 ±2.2 

2.33
~3987 

I. 	 Split-split-plot design replicated 4 times, plot size 30 2 . 
2. 	7.5 kg P ha' at sowing and 20 kg N ha' at 14-21 and 

21-28 DAS. 
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energy and time. In addition, it helps reduce 
wind erosion because it increases soil roughness. 
Our results also show that the application of 
fertilizers can play an important role in improv
ing crop establishment. 

Pearl Millet Genotypes for Intercropping 

We have evaluated pearl millet cultivars that 
could be sown late in the rainy season as a con
tingent intercrop. Cultivars with high tillering 
ability were chosen as this has been identified as 
an important.trait in intercropping (ICRISAT 
Annual Report 1981, p.264-265). Pearl millet/! 
groundnut intercrops were sown in a 1:2 row 
arrangement on an Alfisol at ICRISAT Center 
on 26 August 196 and on ISJulyin ,987 (Table
8). The, pearl millet. genotypes were ICMH 423andTheV 83117 itheBK560es aro he
 
gnd 8311 E2B, a a cuntr. In
groundnut waswas ICGS E21, a 90-day cUitivar.In 
1987, ICMH 423 was replaced by ICMH 451, :(MH 179), and groundnut JL 24 was included as 

a control for ICGS E21,

In 1987, the pearl millet test cultivars (1CMH
451 and ICMV 83117) in the intercrop gave 

lower grain yields but higher biomass than BK 
560. In contrast to 1986, sole crops of the test
 
cultivars gave lower grain yields and biomass
 
than BK 560. The observations on relative sole
 

and intercrop yields are at variance with
 
previous indications that intercrop yield could
 
be predicteu from sole crop yield (ICRISAT

Annual Report 1981, p.266). However, these
 
results are consistent with the findings in earlier
wet years (ICRISAT Annual Report 1979/80,.. .that good rainfall distribution (as occurred 

in-. 1987) tends to reduce differences in yield 
between pearl millet cultivars. Biomass prod uc
tion in 1987 was 2.0-2.5 t ha -' higher than in 1986 
and Land Equivalent Ratios (LER) of test cul
tivars were above unity and similar to values 
reported in seasons with normal rainfall (LER=
1.2-1.3). The average radiation for July-August 

was unusually low (about 15 MJ rMd-
compared with 18 MJ M-2 d-1 in 1986), which 
partly explains the generally poorer growth' of 
the test cultivars relative to BK 560. The pod 

http:cUitivar.In
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Table 8. Crain i heldand total biomnass (r ha - ') 
of four pearl millet cultixars and1a groundnut 
cultiar in sole and iniercrops gron on an 
Alfiol, i( RI"AT (entel'. rainY seasons 1986 
mid 1987.rol 

t_ o,, 
Sltei 

. 
Pcil I im ld

1111 

I'vri il It 
I %II 423 
Itit V 31 17 
Colifil 
IK 560 

UI 

1.80 
1.I70 

1.70 

II ViIid 1986 t 

0.94 
.03 

0.80 

ha 1) 

0. 22 
O25 

0.27 

St1 ±0.1.1 ±0.20 ±o.02 

roumnliilut 
iCCI2S 1)1 0.60 

SI ±0.14 

Biomass It ha ) 
PealI millet 

III 423 
(IMV 831 17 

5.01 
5.47 

2.25 
3.44 

0,93 
083 

I3K 560 4.22 1.57 1(0 

,Stl :0.27 ±0.71) ±11.18 
(r 11ld f.lt 
I(i" 1:2; 1.81 

.'-;I: ±0.06 
Grain yield 19187 (t ha ) 

Pearl millet
1('5,1t 	 451 (M II 179) 2.31 1.04 0.43 

8CMV 1.86 0.4383117 1.46 
Conrtrol 

BK 560 2.60 1.81 0.49 
SI ±0.49 ±0.18 ±0.04 

(irm dnut
Ku(IS, 1:21 1.15 
(ontrotl 
.11.24 1.15 

S1: ±0.49 

Biomass (t ha-') 

Pearl millet 
I(,", 451 (XItl 179) 7.05 4.49 1.82 
ICM V 83117 7.62 4.24 1.75 
ConUtrol 

1OK 560 7.78 3.90 1.87 

SF 	 ±0.47 ±0.25 ±0.17 
(hoidnut 

IC(iS E21 3.85 
Control 
.IL 24 3.85 

SE 	 ±0.47 

yields and biomass of both ground nut cultivars 
were similar and unaffected by the change in 
pearl millet cultivars. In these trials, groundinut 
It(CS [-21 had no yield advantage over the con

.11 24. 

(oVpea-based Cropping S.,stems at IS(7 

('owpea is ani inmportant I,,od legu me in scmi
arid regions West Airica where the bulk of the 

world crop is prducILCd. Tlhe greatest constraint 
to pro)duction is insect attack at all growth 

stages. Varieties ire largely photoperiod-sensitive 
and their gro\sinrg cycle is longer than the aver
age length ofihe ritny season, particularly in tile 
Sahel. They arc nslotly !Irow,'t al very low densi
tics iin association with cereals; insecticides and 
fcrtili}'ers ;I;- seldol tused. As a lesult. cowpea 
yields ate cx,iicicly low and avcrage only 0.2 
t ha 

The International iistitttc ot 1lropical Agri
culture (I IA) hils 'cvcloped slnrt-dutration cul
ti'ars rc,!tiring 55-75 (lays to rnature, with tool
tiplc disease ru.'istince and tl.)cl; ii) ikloiportant 
insect pests. In cooperation wihII [IA, we hmvc 
tested a.nd selectedl variclics suilted o various 

IiCiroppiiig systenis with low inputs. We also a 

to inpr(ove mana.cment practices to further 
cnhacllc varietal performance and evolve im
proved pcarl millet-based cropping systems. 

Improved (ultivars 

Since 1984, we have evaluated a large number of 
breeding lines and local varieties grown as sole 
crops or intercropped with pearl millet. Short

duration lItivars can be relatively high-yielding 
when grown as a sole crop and protected from 
insect 	pests. irain yields of tip to 1.6 t ha-I of 

ilinv-scason cowpea have been recorded in tile 

absence of added nitrogen l'crtil/c, ,t nd wind 
only moderate levels of phosphorus (,- It0 kg P 
ha i). 

In an intercrop, cowape yield depends on sow
ing date, population, plant type, and rainfall. 

[or example, yields are reduced by more than 
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50i' in early-maturing types and by about 30% Insecticides
 
it prostrate, indeterminate types when inter
cropped with !earl Inilet. Analysis of the system - In 1985, we tested two sprayi ng regin 
 (2 and 4 
geliltype inter,tion sh()cd a, s Crorg sprayings during the season) on 16 cowpea culcoIrea-

tion Ibel\een ite pfClltlllc'e)cuhlivars in sole tivArs. 
We used a new cluetrodyne sprayer that 
and itcrcrop s,tenms. Ilhis suigests that sele- applied it .1CanentratCd inlCctlcidc (('Vmhnsll
lion and testine ol cu, pca cultis ars can he done Sllper )and does not ierjuIre water for mixing.
illeither svstci. ()ir trials have show\,n that Spraingtwiet wasasclfsetivassp.>i\yng four 
.-.;ari\ -ruit tiing, erect cuilivars havC less infiu- times (Table I0). IP ott' evalution tiials, we 
,iicC o pearl Millet yield than) late-maturing., 0dopted a 2-spray r giln and;! :1chieved effective
proSllrlte Ciltivai . insect control. W\e allreic it_'the profitability of 

this hechnology with laricrs iilltwo villages in 
opertionral-:.cilc experircilts al IS( and lirni 

iDuail-purlowe ( ultivars N 'Koni, 

'IL local cm ta \arieti'vs show considerable
 
\a ti.m hut arc euirallv spreading, indelcr
~iiiii_,t\pe,, daptcd lo plant density.
I to 
aimi. pici these iv'c, ti uredl \ariejies ~Tab le M0. Grain yield of co,pen cultivars evallici :n.i ad Clatahi lit a, vdderid l flis Iitued with minimnnim insecticide firr applica

e ditn tion, IS, rainy season 19851.
 
1ulhM ld iCHit itlh liii XC\CUtis J)HI liitli tild_______________
 
HiCIi,, leadi L t hal, s lihi
\ ilil-,Ct1 cs', tiraini
yicld itI a )
 

c0,[n1iii tl, the salmle price its c ,,ic p 
 lain. OIi 
(t i p i it cipa l , t'l: ' ls 2 p i-ays .yNd " ah jti is tlh i t it(s ecc ( thi ti 4 sp 

shit (]iit ti(tI ctitist , hal ',l'dii ltlh eraiti 1IN21) Ton 175 0T.67
 
;ild lia. 
 I 35 7244 0.79 0.74 

\v carici ili t ilR.Iciitltisits that produce 11821) 703 1.27 01.99 
icccpIt il prat 
jiand adder yields arid are I182F 18S 1.64 0.72 

ii t(\ FiiAII " 3236 085 1.02 
.ial d o re" (.37["N11l, ii)i 'liliarittil haial disease of Co\ pet 0.49
 

*l(1 I)S..\ j i: nlltl Reptlo t JtQl-5. P. 27()). S1. 
 t0.14 
aluiated l-p i n Mcari 


alr iitcrcrilpe d sith pCarl 


!it 19 .s\e e 15 dt cilti- ese (18erirrics) 0.59 0.64 

iillet wit \il
lies ((tohe iand Sadeci/c Koira) in ,)otlithsest S1 (MNhrt) ±0.06
 
N o r in a r cs heirehier-iihulrig "i far it trial. We32
 
sass.ed cuss pta in hills p)"Attd I.75 .i 1.5 mi in 
 32 
alterntc a swit ipcrl hillet.LIi both \'iltii s. i. Sptit-Fhto, 3 repticarion.s, plot siic 12 m 2 

' .
 
rains sIoIIptd carl and iclds %ere vari ihlc. We
 
repeatIed t IleI n iil ),) t (i; bLrII htinc aid int 
lNtX7, '"cused si. cItihi\;tr, at(;o lie;,v and S!ad or 
((di-staianl). It both theca,-:,. ilicet plesswic 
,5as ti,lle!tl(()\Cca did II11 y\icld aiv grailarid Vegetable (owpea 
At hotit licitiotis, tcrtili/er applialiaon signifi
Ceni.nlv intcicisCd pCarl atillct yieId but had ri0 During 1985-1987, we evaluated the potential of 
ttolnsistitllcct ('Ico\pCa ha. 
 icld (Table 9). \egetahle cowpea at ISC. On the sandy soils at 
These rcstht indicate 1h'it .ittt'owpc;t low plant ISC and Under moderate fertility, fresh pod
densities mii it not rcpond to fertilier arid that yields offtup to 5 t hai are possible fromn four 
itoprus ed cultisars are lot suitcd to low densities, harvests iniess than 70 I)AS (Table I). Most of 
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Tabl 9. Effect of ferlilizer on dual-purpose cowpea cultih'ars intercrupped with pearl millet at 
(ohe, and Sadore, Niger. rainy seasons 1986 and 1987. 

. owpca hay (I ha I Pearl Millet grain (I ha 3)rial hoca tion ... . . .. .. ... . ... . 

rra ,'I.-ar F1 -2 13 FI1-2 1F3 

(oher i980 

VI \ 3 
i 5 

i X04659-031i 

I N '8-63 

1N)-78 

I ocal Sadore' 

0.25 
0.3( 
0.10 
0.40 
0.31 
0.31 

0.47 
0.14 
0.62 
0.70 

0.35 
0.33 

-

-

-

-

0,16 
0.32 
0.32 
0.30 
0.32 
0.36 

0.94 
0.3 
0,59 
0.67 
0.64 
0.51 

-

-

-

-

-

-

SEF ±0.07 ±0.13 

Mean 0.29 0.44 - 0.39 0.70 

SEF ±0.04 ±0.09 

('V (1") 36 37 

(Golery1987 
VI IA 3 0.12 0.07 0.13 0.16 1.19 1.00 
I\*X-65(-03 1 0.11 0.15 0.17 0.44 1.14 1.28 
1N88-63 0.21 0.26 0.26 0.32 1.06 1.60 
I N3-78 0.13 0.10 0.05 0.30 1.03 1.01 

ILocal Sadcor 0.64 0.47 0.46 0.14 0.88 1.52 

SolC pearl mille - - - 0.29 0.96 1.36 

SF ±0.03 ±0.15 

Mean 0.18 0.15 0.16 0.33 1.04 1.35 

S 0.01 ±0.06 

('V ((7) 41 33 

Sador(6 (off-s(ation) 1987 
VI I A 3 0.07 0.09 0.12 0.04 0.11 0.22 
IVX 1659-031 0.16 0.14 0.19 0.05 0.24 0.33 
1N88-63 0.37 1)43 0.24 0.09 0.18 0.31 
1N3-78 0.05 0.06 0.17 0.04 0.21 0.31 
Iocal Sador 0.22 . 05 0.07 0.17(.21 0.15 

Sole pearl millet - - - 0.05 0.18 0.28 

SI ±0.02 ±0.03 

Mean 0.12 0.12 0.13 0.06 0.18 0.27 

SF I01 ±0.1 

CV ('1) 33 40 

1. Plot N,i. 36 m ,4 ieplications. 
2. 1:1 eilili.,r.8.7 kg I' ha ';22.5 kg N ha [;3 17.5 1)ha ;.-15kg N ha z No 1"2 X 
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Talble 11. Yield of fresh pods (t h- of egeta, encountered. With only one insecticide spras' 
hWe cowpeas, ISOC, rainy seasons, 1985, 19S6, and ireitrit against aphids, it wais posihle to 
19871 . 

obtain I t hia-' ol grain aid 2t ha I of' hay. To 
obtain such yields during tl,: rainysas on requires1985 '.,6 1987, two to th ree jinse'ct;.ide p ras. We have sarted a('ilti al (430 mm11(447 nturtl (2M) irm) Mai joint trVal with INPAN il four locations to 

11811) 1228 1 , I 56 1,. 4.8 further explort the ;:itcitial of cowpea under
Ils1 1) 1228-13 s.lI(..-1 1.2) 4.5, differcr t irrigation airilllclls. 
I IsI) 122.H)- 453 I.5 1.75 4.72 
11835 891 04 Sill 1. 4 -1(()
! IN35 898 9.84 4.4 1.04 5.I I Croppin., Ssterns iniMali
 

8X35 911 7.40 4.35 lU)t 4.4

i ,X 21 3.07 !.2o 1. !.2 'Ihe devhlopmen of improved techniques for 

pearmil cl~ ~ li/ , r n;/groundnut, andS1.58 '0.60 ±0. I[)Carl muillet itrai/e, sod
 
Irial mean 6.75 3.72 sorghii /n'cowpeairiTcl" prig stms
1.14 major locus in was aI'987. 

(I0 entries)
 
C\ C; 15 23 
 38 Pearl nmillet/maize. WC coiti nuCd oitr st1UdicS 

I i01), plot sue12 
to 'firw-ttle" earlier inntovationis in technologyin. by in proving., the lrarl millt Ct illpo liclit of' the 

2 l; ..i ..(I tn.Itm _ %C 
I o. po.! tct\nv siri a factorial design, we valuatd,lk ,i, t ioe(ioughi and heiat stress during

Itie purl n of two twoorIn'lice cuhivars, sowilly
armigeClerits, and tliree diferernt methods of 
s)w,'ing iritecrippel pearllliller. All other lac
tor, inc-luding,Cr)p density (. plants ill off maize 

tIlle... . c ovpt', are highl., .re.islanl to and 3 plants im2 of icarl millct) remained 
foliar discases, and iluain grecri until tih laset corstant. 
hiars.,t. \Viil(! niois -,: is a;ailahlc inl Ore' il, The rtercroptecd icarl millet, which is slightly
the cintinue ll)wcrirnt and priducing nods. taller and later-miaurirg than N KK, perforuedI ht.-\ airc ideal hotlh a4 a garlcn and a fNIder hetr i trmsol'icld arid total I.FR (Iable 12).
cii). however1 this CtIltivar eXerted g'reater c01r)eti

tiinon niiai/C resuiltiri ill lower maize grain 
yields,. A sowing allatlltlent of one row o'('owpea as an Off-season (Crop pearl inill't x\ i one ro\ t'fmaizu fav(red 
rnatc. \%Iiehil hilrhCred th2 splalrsely populated
In Niger, thore is irirasiric interest in gro)\ irig and later-sown pearl riillt. 
 I tllhie sowi. ar-

ift-scsoni cropS \\ith irigatiirn. lIhe (iv season IMIXIrerIt of tiC ro\ of -Carl Iiillet with t\v("
in Ni~cel lt,, lmi ()ctoher to) the, ua () Mav" rviiws iot ni/C (pearl millC sowiig dcnitv was!3C'mctcl Nvcrhbr ard Februarv, wattr i, ,ttbldin the row toniairrtain the overall Io)u,hunt(all ill tile Nicr Ri\er but nigiht tleripra- laiitil enlisity). tile compelition balamce ha',red
ION, ,lhetiCritiec l .cs,than 2)' sit that ,w,- pearl millet, resultingin higher pcarl millet grainpea tis\%th is %.,:nsvslow. Vi hiC scrncc-d a yields ard lotiwer uaize graiin yiClds. The colm
lar.,e 1i(1imolr of brc(linl lines lIi saClh desirable bilred I.IFR was also lihihcr in the one row pearlcharactcris,,lics as rapJid CHCnnrice frt011 C0ii)l millet to two row" fl1ui/c sowing arranigeient.
soils. vigtonuis grtiyi\l., .a rlincss, and the ahilits As transphating is hecoiiiing popular ill south
to produce rliariv pod". Cmn ,Mali, we included transplanting treatments

INatrial irisolsiric IH) cUiisirduringthecool it) the expeirrient. I rtisplariting 3-week oldiontlis, tlie lajor fild )t._S o co)pa nt[lore pearl millet seedlings \'hen maize had attained 
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Table 12. Effect of cultivar, soving arrangement, and method and time of pearl millet sowing on 

performance of pearl millet/maize intercrops, Sotull, Mali, raiiiv season 1987. 

Ircatincnt 

PIart Millut cultivar 
NKK 

N191)3 


SEI 


m
R arliangcicnlt 
I pearl i _ki ileitl m 

I pcul millet 2 mai/c 


,1-


Metlod and time of pearl millet sowing 
I)irect ,:cd ng, nai/c at 41-leaf ,tagc 
1Iransplmntine, iaic it 4-leial tal 

lransplantiii., mai/c lit litim, ritg 

S F 

UV (11 

1. 'WIC LlOt) .. ldv: NKK - 1.5t ha I, 19D3 

2. I.[R : kind tqe(uialnt Ratio, calcttlatcd 

the 3-4 leaf stage resulted in better pearl millet 
growth and yields wheii cotnpaired to direct seed 
ing hotl i crops at the samn time. 1towtever, ntaiie 
slff,rcd due to enhanced conietictiotn from pearl 

millet and I'rodICCd hOWcr grain yi,:hls. Irans-
h)Latttil! hltc in til -Casoll when tai/c was f!ow-

critl, did flot have any sieihc:tilt competitive 
Cltect ()n 1aiic, resulting in the highest mai/C 

grami eiclds,. PCarl millet, howeve:.whcn t.Ins-

latmld late could produce onrly 0.2( to ,rait 
IhaI.'Il tIoal I.I.R was hildhest in the treatment 
where peaitrl 1illet was I rllsplaltcd early (when 
maize had attained the 4-ieal stajie).

Ihesc rcsults support our earlier reCommen-

dat io ol .S)Wingj! one row Of late pearl millet to 
Iwo row I1ai/c,. 

Sorghum/groundnut. I)uring 1987, we exam-

Intclcrop 
pearl nillI tt 

Gran Yicld 
(t ha ') 

Intercrop 

maiic 

(Grain icihl 
(t h -) R.2l.El 

Conlbinid 
I.1'R 

0.51 
0.64 

0.34 
0.45 

2.84 
2.69 

0.81 
0.77 

1.15 
1.22 

±0.02 ±0.09 

0.46 
0.76 

±0.02 

0.31 
0.52 

2.90 
2.63 

±0.09 

0.83 
0.77 

1.14 
1.27 

0.63 
0.83 
0.26 

0.43 
0,56 
0.18 

2.65 
2.39 
3.25 

0.76 
0.68 
0.93 

1.19 
1.24 
1.11 

±0.04 

18 lb 

±0. II 

1.,44 1 hai, and naii hha.5 

'sing tiial neains for c.pctikc sole crop. 

ined so;glium sowing date, the fertilizer N ap
plied to .orfti.inl, and sotgh urn and gronnu(1It 
cultivars. Delaying sorghum sowing resulted in a 

significant reduction in sorghum grain yield 
because of poor crop establishmenit under thie 
already established gromidnlut (Table 13). HIow

evet. whell groundltt antd sorghull we:'c sown 
at the same time, grouniidnut suffered severe 

competition Mid significant reduction ill pod 

viCld. "Ihc total .l1, w'as higher when both the 
crops were sown to)gCthCr. It terms of CcotioriC 
yield, howvevcr, delayed sowing of' solglithi1 ' 
would have given a better economic result as 
groundnut is about three times more valuable 
than sorghum. Sorghum responded signifi(antly 
to added N fertilizer and he itIcreased competi
tion sigificantly lowered groundnut yields. The 
I.ER was greater when fertilizer N was added. 
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T[able 13. Il~hationshiIp) let~j'cui y4.11 ,. s lo\ Cr \icids I able iu~o.\r. incrasing ille 
diat" of sorghumn, and fertilizer N for sorghtiln/ c luw a 1c'nvitv icsNilt( H, ",i nilicalt iIeCIrCIsc 
'rod(mlit intercrops , Sotuba, ,lli, raiiny sea- it \''el ti .31 h s. lh rts i thason198 .	 ll!'Mii Yie ls tof3 t Ila I (dtsw d'uh i d 0.5 1 haS+I+I 19)17 

(I eiiwct a arc lchicahlC. 
1, lt.ret I I t t c 1I 

(t;tl (][,till C'om- Tat1) 1. 14. Yields of! sortghum /colspell inter
tied celd billed crops grown with different cow)ea densities, 

. ili.re..et . .(IhIla I IR I I I . .LIT Solinba, M li, rai.. season 1987. 
Solreht',n "+o v,', 

it (i5(2 2. 1 0.88 1.201 ).59 1.47 ('Okla , ,\) (it ti ed (t h1 
(i.' 1 4 iticc (.00( 0.141 1.69 0.83 1.23 (plants i -ll Smriu il ('owpua 

SI j0.09 t0.06 0.8 	 3.38 0.20 
2.5 	 3.27 0.36tertilime N (kg hia- ) 5.0 	 3.12 0.,6

) .39 0.57 1.50 0.74 1.31 10.0 	 3.15 0.51 
4b 	 1.76 0.72 1.39 0.68 1.40 

SE ±1).43 i1.08
SE ±0.09 ±0.06 

CV (%) 21 27CV (4) 30 19 

I.1. LF11 - L mad 1"tuiva!cnt lRatin. 

2 (QN ) C;(midit SOAring lilc. 

P)erennial Pigeonpea as an Agr(i'orestry 
Species 

l cui 

yield ,,A> a Io cv.dualt'd.c In tcicral, cails- At ((RISAI ('eitt. 


I i fft l (ifdi hlL hiIIII \iars 011 2iiUrtlIillUt 
it 198"5 1986, ,vc studiCdIft\tI I/ iiui shiit-."fiatllcd mNhi ltll) (if lf e.t the Sti ilalil ) n i pi..Ct/llplIM ftor agl1 


ie,, cnipCtihuln I() ititeiCopptii uimiliiditiis focstry 
oni Altistd. ] nittilirlatc pigcollnptCOP)r m cad tI kl',t -lit(m cl it+ll L i'tllicr l t ar .	 \%ticlw"Ic sts~ altt Ito w,'lk and<, to st,,fihltY I]I(os~ti, 
.";h li-iuli ltlltllt i-'le)rl itcd ,cisc (l('Tll. 6,143. ('I. 11289, I(ll 0)34.dtIl ttuu+i leltui\alN 

ho mtcthall hollirc - llh I + MtICi,[Iu ln ilktv1- :tMd It l ] , iI m n1tilder ifI-wathi
N, 0)) \%Cie tnat 

JtIppLd ,..hAlit ii . spuiiiN',p e'i!: !lijijltit 1).5 tI) 9.5 plants Iln - with 
i)trliieatitt, \"ari::.n (Ittat plots) wclc


.Sii'4lill i/co\',[ie V.!.i tilt 11h' ll
il'tllltiil):i tdou /cd \i tlliit block",, hul spiniiti.i (subill) ll ()\ c( (', Iut 1',1 1 ,. "M\ pc:l I,,h,.tnI tu-c1~ ~ l l 	 phl ,, ,,+ c 'ir{+ do., d I1Ul to(111I ht1,h withill cach
 
'I.lt ;t I t illltlt,i ll ltiii~t 
 i+. l)ui ii 1),"7, vrietali tH. (lii in w ;t iN lai\e'-ted iil .(t.tuiberc 

\%C ci.\;ifrlijc d the llt t ii Ctdilftlieisities (lI 	 1985, and .liltiar.\ al .. A:p5 il(I 9i)"(u.
(m, pu;i (impi iscd ks%k \ I I li tire p iuirtl aittcc (rain iehl \yie mtclilcd ,ll 0.5is iata spacmg 

,)1; a il' tlil (iIIlM)\( d tC.\ hlimtu -I I cuss ca plait" ii 
 , but \,'is unafk ctcd by Spacings in the
 

intI[t( piCilI!.t Rt itt(l etili-
lccmllrr it-cI ra !2tee l 1.5-9.5 plInts in 2 (Fig. 17). Average

til {iteasiie ,,yuit lII(ilCd. 
 ield t)] ieach gcnotypc was 2.10 t ha Ior I('ll. 

lcsca, ' pe tdli t\ t ,tn ). p lt - 094, I.,.3 I ha I ,! ( IT[ 6'3, 1.8., t ha I for
 
tIiadili lalc v . ca dclsiNt)w Il0platlt, il "did 1(( I (11iii 1 t ha (I)
86); 11).a Ifor I 1289( 17 

[lot lim e anv",i'iLi lical l IC I ol t e railliwl .icids +-0.124).
ofl "oghtiint ;lithuiiih tehcscs a tiend tiivars (('l,),94consistentlv nutsielded other geno
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3.0- ICPI. 8860
ICPL 8094 

SICPI. 6443 

2.5-- . ICP. 11289 

1985/19S6.
 

types at spacings exceeding 0.5 plants ny . whe-
reas I(PI. 11289 wasgencrally the poorest grain 
producer. ()ur irtsuls sucest that plant m1oi'

phiology inithienies grain yield. (I1. 11289 is 
tall and erc't, while l'I, 8094 and I iPI. 886) 
have bshty spreading hahits. IPi.eorilpas with af 
spreading g'- dli hahit proune.' fitore pod:, and 
appear better able to exploit greater govoving 
space at lower pp)putlioil. 

Ftuelwood productiolt i) ihel' first vear of this 
2-\yCar trial was estiinated using allometric for-
iLtlC to cOIl'Vri avelageC baSal stemn diamletel 
into avcrace sten dry ass, baed on 16) fclled 
sampIc plas. 1i ese ave racs were tOin adjusted 
by accounting for ittornalitv and population, to 
obtain CsfimatCs of drV-mass fUchwood yield. In 
contrast to graiii, the production of fclwood 
decreased with increasig plant populati(on be-
cause stemin diamut 'r decreased. Because oofits 
plasticity with respect to grain yield, high fuel-
wood production, and particularly its perennial-
ity, pigeotpea offeis am attractive and itt anagea-
ble source of useful products. Yet it isshorter-lived 

0Z.5--SE
 

0I I I -
( ) -I 1 I I I III I I I I I I I I I I 

0 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 
P~opulation 111-2 

Figure 17. (;rain production of four perennial pigeonpea iariefies on a shallow Alfisol, ICRISAT (enter, 

than arboreal species, and farmers can easily 
ertiove it from their fields should they wish to. 

Biomass Production in Agroforestry 

A raJor ob~jectivc of our agroforestry research is 
to ianage lcocaena hedgerows to maximize leu
cacna 'odder production during the dry season 
(,laninn), and yield of the associated crop dtir
in the rainy season (Jun-Oct). ProdUction front 
IeiClna is encOurlaged during the dry seasoit 
when atnmosph,,rie conditions are least lavorable 
for crop crowt, In 19H6 and 1987, we examind 
the relative efficieciy of bi omass production in 
the two seasons by neasuring the total amiount 
ofsolar radiation intercepted by leucacna hedge
rows and by three cropping systems, i.e., sole 
sorghuin, sole pigeonpea, and a sorghun/pigeon
pea ittercrop. Measuirements were made in a 
two-way systematic design experiment oit a Vcr
tic Inceptisol (ICR ISAT Annual Report 1986, 
p.308). 



Solar radiation interception by leucaena in 
sole and hedgerow systems was between 1000 
aud 1700 M.1 m-2 during tle dry season but only

-2 850-9(0 N.I 1 during the rainy season (Fig. 
I). )espite the Treater interception of radiation 
in the dry season, the radiation use CfficiCncy 
(RtIF)wis low (0.21 O.0 6 g M.1 )and produc-
tion ranged Irom 3.6 to 3.X I ha '. In contrast, 
d1.trin the rainy season, the radiation use effi-
ctencv was three times higher (0.61 ±0.03 g M.I-) 
auc; biomnass productiol raucd from 5.2 to 5.5 t 
ha . ()r restllts also ;hiow that the J!call be 
increased by including (4 cereals like sorghumn 
w1ithin letcaena hedgerow s','stems. lainV-season 
values or these systems reached 1.0 g M.1' in 
hoth 1986 and 97. which is close to reportedaluie. for s.,ole pearl millet and sorghum (I('RI 

S.VI A,,nnual Report ;984, p.255). 
(all fodder 1)roductiol from letucacna he 

Inrt her incrcased without sacrificing crop yield,
given 	 that Rt, is rreatest in the rainy season? 

)nC possibilitv would be to grow Iencaeuna and 
C crop", i1 eparate arc:is as sole crops soOct

that hotlh calnopies could he separately managed. 


Altho ugh none of oir trials have been designed Figure 
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4000 -Sole Ieucaea 
- -- Leucaena sorghum; pigeonpea 

/ .. Sorghum pigeonpea 
S0rg luII 

3000
,
0

/ 
-


2 	 t 
0
 

I 
.E 	 / 

/ 
..
 
" 1000 , ( 

to test thIis Syst,,m, \c call cstitate its potential for agroforestry and cropping systems on Vertic 
plodtncti"it.v. In our trials, sole leticaena Cut at Inceptisols, ICRISAT Center, 1986. 

Table 15. iomnas production, intercepted radiation, and radiation use efficiency (RUE) for leucaena,
sorghum, and agroforestry combinations, Vertic !nceptisol, ICRISAT Center, 1986. 

"
 

0- -

F A In A O 
De 

Months 

18. Accumulated intercepted solar radiation 

Crop system 

Sole leucaeta
 
Pruned 

Unpruned 2 

Aklley cropping
3.8 trt 
4.7 ti 

5.6 m 

Sole sorghtm 

I. Figures in parentheses are S Es. 
2. Based on calculation of potential 

Biornass 
(t ha -') 

Total 
intercepted 
radiation 
(MJ n -2) 

Radiation 
use 

efficiency 
(g MJt) 

12.3 (±0.97)1 
25.2 

3844 
4960 

0.32 
0.51 

9.4 (±0.50) 
9.0 (±0.38) 
9.3 (±0.77) 

2238 
2000 
2385 

0.42 
0.45 
0.39 

7.4 (±0.67) 740 1.00 

radiation interception and a RUE of 0.61 g M.J-I in the rainy season. 



3,12 IRt~vlurc 1fai1iU,iWIlt'Il 

thIC VainY Ind 011C_ during the 
rai\ sciton tW ;ctl.C cot'Cethtn with crops, than Iclucaen in India. 
I(ICCpCt+td 3X-1-1 NLl III: i+md !rodutcud 12 3 t 

the onset I1 ltn 	 dered to have bettur pirospet s for agroorestry 

Ila lttijIlit'o 11 0110 \eCNil Wcc hilettlh d thlt, 

il'eeen the +it 

nuat+whe~n int.<l' dtnuli i", hoW.h lit~Iont,.s
 

b ! ,itte 1 : ' tnti1 latc Ib "Xechatization 

Iroitt!:otiit,., Aeit'I hat I h i. I ht,,. Twil SpihIhii-Iic I n ap';:ick Sprayer 
h.\ !,!m% I iao I lte le t ;a td C rc ll.in l !ill'a CI 
tcup>, ,cj) t:IM \.e Ltnild el+ t ILI lilie Soi ol the IiIseit pICSI diheas roJi, inittld Ol 
nihl_ toddcl .I ,t hnilet the S Caln triilCI .t hail th kilnn 	 :\VA ii- ltcco bY 1 c'tjd i;. Illl ; 
tLdCI i('t itA tld the C itn ier tilet ,t- til il Ct.	Mi:lt titotlal itap'sla k spiavcrs to apil. 

" li . ,11thiticd ,Il ,.Jd 17 pesticidc nce.'d 

nit1jiaIed, \"II ) ) t ha I I;dlie. L oppine, it- ,v;te(r, bit this is otnn ,,aee.,!\l ilitniti,'vc to 
lntI\ t i,i,p tcttd ol tl tlie Coitvethtiital i,the p 

i tt I(. sh be ita 	 ust alhI iilec , t ,licts(d ecatl 

ttei,I beiti att a- I"rayer t atble, hatter, 
ttitital illc hiti pCeCitCial iIctitia iII pla.'c 0f1 operated, spiltiiitg-dis,, controlled droplet 
IcietI., IbCeatsC teniil pide1,!ltipca is Ctist- applicattor ((I )A ). ih thleapplicators have 

iv . Q, It'nv
 

-..
 
,..:,
.... EPP
~	 :',.,,, 

i igurL 19. "l'sin %plihting-disc knapsack sprayer 1Ised to itpply +p(ticidCsto groundnut and other low-growing 
rop. 
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dda\hitaage of hnng light and ncding only a 
small volulc of WitUr'. 

We have dcvcloped a twin ,piitt-dise kuap-
sack spruayer ( IV. i) 1Fr mtindnnt aud such 

.
ho\\- C. in ' crops Itchi k .;itml ntohighcai. 
(+ntlillicLie bestleur olbothl tlheCtone-
tittl kntlap-ack siapxetl and the ( ')A, thi, Cn-

I."'tsl a it0-I tank ttd milt;It thitiar Itatn . A 
i \ e ;7 cct'ill pa It tdtie1c Ifitc.idc w ll,, i illtt 

i' +ipplicit 

iMn ti tc cIl.',d h,Al-\ Oit mCe.hita 


[\,ti,vii .tiiii . l t Ittllottd ott the 
Licitlec bat-

tci." placd 1t1ithii tlit;itlk. I lie hliciial ,iolu-
litm 1hom.) lfm lltIlt:oll, Ii th1Ldie,, tllmi h 't 
cittil \ l,-t d,tl Icll11"ji t- I litc e il-i t\,.. . 
.I:111t I1m (d t0 1t(1t it licl itltlt a1itll i; \ ellt 

lh tiiici ;1pi lie a 
ilic hln l,k, Iit-e, i(t. i lh t tit ot 1Kll 

ti cm cap TI Ic ; tied til 
s i Lpei 

i)(11 i itllel . stl It i hiiitjitl, t a II thi co frect 

lic!,ht ,Ithe )I\hc.iile it kp
h+wri t ;ho lit' ,p',asi_' 

cls I iii~it,elx , int+ ls.i -c miil ,, abImutit 

')tii LK' 1). 


C t ci i1'lllp Im ii l t it th, m'litS 

p ;il~l+i;ItIm I" ll j th ' +t\-! hitl 55Iutt\thlip+,'ttd tl i n l tit i',tt louti
md l uc~ umcc 

(IJ,+li.Ill, If)ilCM ictlu ,.lltlil1 i iti' s tt d,l 
ilh Ilii.' PloctI tllitI itte iIt [kRl'ls.\ I etti'cll.
 

I1 tu thui t Viiil icit tiii'- isl, 


- ll t1, . ti tti 
",pl+ii 

pcrti t t ,i%i.tIts t-w Itt;t',;it]k 
I ( ! lilk. ho)ilt. mitltlllt i c, i tti L i spolt-

+'cr,+,p,/, a, a,a, /c,/d/.,,a late spit1, tail leal 
,' :,ciii/siiiint /5Ic.sii,11U ). teal tllimi (ietI- 

aIclCo ,1,1htiu/,c//.1). thrip, ( /-1 "ik/m /]/,ch /-,'i..",o','i 11 i/mi sa+i.,I. ,til iassids I/mtoa.sc.a 

]A'rri ).Il i inspiIIicIi-dirsc spras co\erecd aar 

3-rn wide.swath, required only 1. of watcr, and 
about 1.5 too- e r ]rI,a wheieas the coi
venti<onal knapsack spj-taye rcqlired morC than 
400 1-of wacr and 200 man-h to spray I ha. 

In anlother cCperfitnt, the twirl .1inniite,-JISC 
sp,'drayel Wats Cttipatd with ia pot:bllc stule 
spiniti-disc Npma,,ur t a10 ,I,: to theses risk 
opea:Itor ro;tl c.POsn[rc tospla\ ('eleIII he0 ilals. 

al tloI t chem ical smtllti all itt oil allopclatf i o 

-'rotillidllnill
1l1 h[ iL!it w s" mecaslcd when the 
I,
nl direction c)r orat 3am te ic.oss the
 

opclrator's dirctliol ta ci alt.c
Mid wir'sjCd Was
 
less than It) k itIt Ihere ' in,;is
m' siitificant
 
dilftemicu in tie ;Iteati\%tich the 
5praY was
 
depositcd (iltlite, 0peftol 
l itn tlie two spri yl.ers 
( I l k 17). llM \Cst. Hti a Mitt spraved area
 
I' . ie. ;ttititmc.\pos f with'f ilti
te V,i 

',p[tilli Tic-d i;e" p%. ci \ ,vhich h;as d otible ile
 
.toik rate) %%oitl ic (till lth ll,l tihn \\lilt th.
 

s'itt l"isp niitttitt-di'Ae spilvem . I h aprav oft
boot 

th tssIn ij itti -dis, ss ,av.cr is d ",ictt.d to
 
tulkS tilit itclt I t to , llaihead lftile sipray.
 
])espite thi,. tt!li I + u Cccic
'lCs 'l tit rittor e it+la imc, l ilth ptl+poitthm 01 Sill'ity dr-OflICtS. 

( ilitiliii iti tiu l call be lu t hl reduced it the 
p Irlih nics.heet that pttetiCCs the Ie-'es of the 

c;iciatittl is nut pray'el. hatie or,usp+ileld hlsh 


i,woirnt tut lie Oftei hack. ,theli*s lit additiot 
ipetal toft sotUld I0lh10 t, tit ' l tiles f sti"%le 
hiatidlitig ol atgticultttal hti ticals, i.e.. Wella 
protectI\c c iticltudi iitlotlitnc, ia c Itmask and 
-h\ 
 11attdliumLinixitlgs 1h11e and the coleentitted inscuticida.."prfit",g shotunl ll d (til 

shCltthere is little or ito wind, and the operatnr 

lahle 16. Insects per groundnut plant, 36 h after iusecticide application using two types of spraying
equipment, I('IIlSA' Center, postrainy and rainy setison 1987. 

Post al'ivllsea so Ramiy scisorn 
Splp.t\c r !Y-pe leaf milier [risl mitiner lhrips Jassids 
('om.,itional ktapsack sprayer 
1win spimirtig-dise spralver 
Control (lo spray) 

0.63 

).25 
2.48 

2.1() 
1.72 
4.57 

12.4 
14.0 
43.2 

(I 10 
0.24 
4.20 

0.1)2 
0.02 
0.40 

SF ±0.24 10.26 t0.9 I ±O.068 O.O1) 
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Table 17. Deposit of spray (drops cm-2)on the feet, hegs, and wi'ist ofr i operator spraying groundnut, 
ICRISAT ('enter, !ostrainy season 1986. 

lop , cli 'A c(i'
Ilypc ol ,pinnig-disc-------------.. .... ..... . . . . . . . .. . .. 

sprayNer I-cct Icts WaltI I otal uel Veg." WaNt Ioral 

Si [I e I. 13 0.34 0.1o 1.57 !6.A 6,4 5. 28.4 
Sw,. (.5(). 0.84 0.04 I, 1Is I I,8 21.2 0.0 31.4 

Mc;, r, 0.81 (.59 0.07 14. 1 13.8 5.8 

S t! ,iO.454 i:0.019 9.41 2.99 

I I-A arval C.postd lo Chclllltcil its a flinction ot the irea ol tlltpIc paper u.cd lot IetcttcI I. 

should ,,,alk such that the wind is always at least 
30 acros, his path. Kl'cn with these precautions, 
s'ery toxic chetni'as fltlst llot be used inI twill 
.spirirrinrg-dic spI0:,s. 

Co(mputeriz.atiOn 

Miicrocolputers and Agricultural Iconomists 

Profeniiet i u A IfrCoCoIipute s cart sufitin-

tiallyc t0ihicc the prodictiity(vo both rCsearcilers 
alnd research instituti orri/ied to accorn-
tuodatc these too\. I icrcHIIpItCrS Icra. kccr 
widel'V adipICd nd ;Ic'OtrIo (iltl[cd itl devel-
opelC cCotltrliCs \%,here ih ot i ll fcCtCd roth-
(dohey rescarcl. 'Although IrlicrCOIpUICIS 

a(11( cotvintirciail sofltwarc packiic., cart he bought 
India. their ttsc hv researchers tetains very 

limited.,1 rlC.ss igricnltutral rleCilteCrs aid tile 
Itdian rdscarrlh sv ,tct becin to use nIicrocoIn-
Putter.,. a tcchntrology gap %ill develop. impeding 
COriI+IIItllaitoril betwCCn sCiCttists ill India ald 
their peers ihiroad, 

Illrirder to iscertain rest;ciclirs, i\w aIClirss 
oif, aind acces to illicroctllpiitcrs and software, 
we interviewed tgriculttral cCOIitOists during 
the Annual ConferencC of tile Indfian Society of 
Agricniuu l Ecorioims in I)cceit er 1986 and 
mailed qucstionnair,.e's to agricultural economics 
research institutions. We obtained 48 responses 

institutes, and 3 gover ulcmet departments) fron' 
14 states and New I )cihi. 

Nearly one ihird of the icspondents had acces,. 
to a Inrailllrtr c colputr. and about tle qe t 
ter had access both to a rIirariruc collputr 
and a llierocoumpltrcr. \Iost of the respondents 
(09( ) who already havc, or will sdloo have access 

to a nfeliteconrpltrter, do iot Ilave access to a 

maifrrhimc otmturl 'ter,IndiWti11 that ruicrocorn

ptItcrs arc used ts stitllties for tiulra,;.':. 

One third o the reo+rOdents had access to 
neither nliclocolnputlrs 1io< llailnf'ael+cs and 

one out of scvcn respondents did not have the 
prospect of ob-,taiijir, icess to ary Comttter in 
tire foreseceable utttic. Reasons viven for the 
tionravnilabilitv wcrc lack of l tmd;, indiffcrencc 
of'scnior personnel, arid lack of 1trsoiril ahle to 

opcrate comrptetCrs. 

Less than hall of the drespordcntsprovided 
fit orrnatio oiln ithe software used. Ofthese, most 
used Col)urciallv available softwrllC designed 
for business applicatios, mainly for statistical 
;11d econonric ilnalvscs, ltablation of data, andi 
data mallnageent. Very fC\ respondents used 
more speciallied software designed for scieiific 
applications. I)cspite reliance on purchased solt
ware, i'i+st respondents felt that they would have 
better control over softwarcquality and reliabil
ity' i' it were written in-house rather than pur
chased. 'Ihe majority of respondents were unfa
tniliar with the technical specifications of the 
microcomputers available in their research 

from 37 organizations (24 universities, 10 research orgai Wations. 



Nearly two-thirds of the respondents reported 
that no administrative changes had been neces-
sary to accommodate microcomputers. Where 
such changes had been necessary, they corn-
plot, nte'w-stor 7 

able staff. Several responses irdicated that the 
potential provided bymicrocomputers todecen-
tralize computing and allow immediate compu-
ter access is not fully realized. 

To prevent a widening microcomputer tech
nology gap between research organizations in 
India and the more highly developed countries, 
it will be necessary to increase awareness among 
research administrators and researchers to the 
potential that microcomputers offer for aug-
menting research productivity, and to establish 
avenues for the exchange of software between 
rescarch organizations. 

Assessing Sustainability 
Potassium Fertility 

High-yielding cropping systems on Alfisols do 
not usually need potassium (K) fertilizers. An 
experiment at ICRISAT Center to examine the 
long-term sustainability of such systems 'as 
started in 1979 and concluded in 1986 on an 
Alfisol (Patancheru series). We have previously 
presented interim results for the first 4 years
(ICRISAT Annual Report 1983 pp.260-262). 
The following is the final report for this 
experiment, 

The nutrient treatments in the experiment 
were designed to show: the onset of Kdeficiency; 
and the role of various amendments in promot-
ing or alleviating the exploitive remet'al of K 
from the soil. The nutrient treatments were: N 
fertilizer to promote cereal growth, and thus K 
uptake and K removal from the soil; residues 
(cereal stalks) from the previous year's crop, or 
farmyard manure (FYM); and four rates ofapp-
lied K (0, 30, 60, and 120 kg K ha-' a-'). A 
sorghum/pigeonpea intercrop (2:1 row arran-
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buildup of pests and diseases. Each of the three 
replicates contained duplicate mainplots of each 
cropping system, Responses to nutrient treat
ments, applied to split plots within the main 

beksiie--riiniK'ii cro-.eac 
ping system in each year. The soil on each plot 
was sampled after harvest in 1978, 1983, and 
1987, and the above-ground crop material was 
analyzed each year. 

Crop yields. Over the 8-year period, K fertil
izer caused small but statistically significant (P 
<0.05) increases in average yields of sorghum 
straw and grain, pigeonpea stalks and grain, 
pearl millet straw and grain, and groundnut 
haulms and pods (Fig. 20). The annual yield 
responses for sorghum (Fig. 21) provide a good 
example of the interseasonal variation. Sorghum 
responded little in the first 2 years; subsequent 
yield responses did not increase with time but 
fluctuated around a general mean. Further, the 
fact that there was a response to Konly after the 
first 2 years does not necessarily imply,the onset 
of deficiency resulting from the depletion of soil
exchangeable K, but rather an increasing demand 
for K. Yields of sorghum increased over the first 
4 years, but then stayed the same. 

We conclude that: 
0 For all four crops, this soil is marginally deft

cient in available K; 
• 	 the occurrence and severity of K deficiency 

differed between crops and between years; 
sorghum was the most responsive crop; and 

• 	 groundnutrespondedtoKonlyinyearswhen 
grain yields (and rainfall) were low. 

Nutrient uptake. Potassium removed in har
vested crops ranged from 49 kg ha-1 a-' for the No 
K, treatment (control) to 90 kg ha-' a- ] for the 
N120, K120 treatment (Table 18). Application of 
fertilizer-N alone (120 kg N ha-' a-') increased 
thle removal of K in crops by 6 kg ha'1 a-', The 
apparent recovery of K fertilizer by the crop 
decreased from 50% for ithe first 30 kg ha-' 
increment of fertilizer-K to 17% for the 60-120 
kg K ha-' increment. Annual reimoval of other 

gement) was alternated annually with a pearl .. nutrients by harvested crops was 77-108 kg N 
millet/ groundnut intercrop (1:3) to minimize the ha-' a-' and 10.0-13.2 kg P ha-' a-'. 
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5 Sorghum - pigeonpea ] Pear! millet Groundnut 

Straw 

Stalks, - - ........
 

-n (ii aPods 

()--1.**- .--- I 1 I 

(0 60 12(1 I (1 (0 (26 1 1 0 60 120 

ulnlial K 'pplictiti ot (kg hai 
Figtire 20. Effect of fertiliter K on -ra i o o trian ttalk or l m intera ac (ori 1 iid s iel (ofsorghon, pigeonl)e.i. 
pearl millct, and grmudnut gro i n in.Ifisol (a'ltnchero series), I(RIS.. I ('enter, 1976-86. 

6 1979 1980 1981 - 1982 

5 - Grall) 

( 5s- /-r -ain--.- '
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l --1 -I-IS I l 
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Annual K ftF!catitrI)(kg ha 

Figure 21. Effect (if fertiliter K on annual Yield of sorghum (str:is, an(d grain )grosn on an Alfisol (Patancheru 
series), I(RISAT (enter. 1Q79-86. 
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Table 18. Effect of nutrient treatments on the potassium balance of an Alfisol, ICRISAT('enter, 
1979-1987. 

(otrol N?4, 

Additionm (kg hi
Fertilizer N 

it 
0 60 

-crtlh/cr K 1 0 
()reanic nht tci 0 0 

K inpnt ,and m1tpur1(kg ha 1) 1979-87 
Rcnlmcd 394 410 
.dtet 0 0 
Net input -394 -410 


Sxchngeale K (mgiK kg I soil)
1979 
1983 
1987 

nitc
' a ng, (197)9-87) 

(htin !c in" ilK ' 
1xc1ingCahlC K' 

65 53 
49 49 
44 39 

-21 -14 

I Ileatllucit 

N :, K;,, K1... KJ,; RR EYNI'-N 2, I'YM SE 

120 

0 
0 

12(0 

30 
0 

120 

60 
0 

120 

120 
1 

120 

0 
2700 

120 

0 
5000 

0 
5000 

440 
0 

-440 

559 
240 

-319 

643 
480 

-163 

724 
960 
166 

528 
345 

-183 

585 
735 
150 

580 
735 
155 

±10.5 

54 
48 
44 
-10 

60 
57 
46 

-14 

6? 
72 
59 
-3 

61 
84 
76 
15 

58 
56 
48 

-10 

59 
52 
40 

-19 

56 
56 
45 
-11 

± 58 
± 4.0 
± 6.6 

(k. K 
- ,5S -55 -46 -59 
k,,o,"hIl-') 1979-87 

13 63 -42 -80 -46 
NMmexwhangc:h. KM-0O -355 -394 -260 -150 173 -141 230 201 

,
2I tciii~n rvpl'.Jt I ' p~ alIctllIt, 

4 ( dhculfitcd t1";;1 '. lkIo:'.t ccnitrdia ri h.a siuiifIIIII •hulk dcil 140 t ill 
11).,I ; ,. L-\ hi ,c,t . tLd .lCr,.Cdlc K I C litIlpul txC hangtabl K 

,Soilnutrient -,tatus. ()xcf the 8 cars of the 
tj !tt, the nltliclt trtrcinetts did not 
LoIx, dctettahl-: chanic itt oil pit, total N. 
ix .iilable-l', eehatte,eable- (a. and cxchatgc-
able-Ni. l"ehaieeaWle-K i'tctasti urder tihc 
hiihe,,t irte d (Iiftili/ciapplication (120 ky K 

i 111 lt.ha a tt t I lsdilt all othCl triatllllnts, 

Inctlui I I-n!YM Q2kQ K ha 
 'a I IIale iA). IoI 
tail,IN it te ti01,Cl titlr o,Ioot,
cxchlan-

a ilt'rCelCl tt:ik.'l x ii all t ettUSt. 

Ou.t the litt..1ear1, ioot hxet lntlv.
J 


Nw!rient balances. lIh 2-\ca rot:,tiotn of itn-

proxetld erl)pping s,,'stets with 21)kg N ha I t I 
reoitved 55 kg K ha I tIt;n the soil in the 

absetce offertii/er-K inputs: on the other hald, 
about 21 kg K ha I ai of the 120 kg K ha -' a-1 
added \was not tetioved in crops ('fable IX). 
lidgre 22 slows thiat an input of about S0kg K 
ha I i sk necucd to maintain the potassium 
status of th s ,oil t initi:al wasit. level: this 
achicve.d Iv ortlv 3 tretllul ts : lcrtili/crat 120 kg 
K ha Ia I and IYNI (with or ",ithout fortiliter-N). 

I Ie cxclitgeable-K Content of tihesoil de

cratl Iroil 
an avelalc initial level ofabout 00
 
ppm 120 kg ha ')toaboul 40 rlg kV Iwhere K
 

was not applied: itincrecased to 76 tug kg I with 
the highest K input (120 ky, ha- a 1).Btecause 

thtse changes were small in r.: ot to the 
anoltults K added to or rer oed from the soil, 

http:rvpl'.Jt
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40- 6 Observed 
Fitted 

A 

20-

"a, O-

AConclusions 

20 

40- Along 

60-1 9) 
0 30 60 90 120 

Fertili/er K input (kg ha-la -' ) 

Figure 22. Relationship hetween average K inputs 
and removal of K by improved cropping systems on 
an Alfisol (Petancheru series), ICRISAT Center, 
1979-86. 

we assume that unaccounted-for K was absorbed 
by or released from the nonexchangeable sites in 
the soil. 

The calculated amounts involved in such 
transfers (Table 18) are usually several times 
gieater than those in exchangeable-K. We con-
elude that K rapidly interchanges between the 
solution and the nonexchangeable pools in the 
soil, and that measurements of exchangeable-K 
alone do not provide a satisfactory basis for 
assessing gains or losses of K from this soil. 

Soil N content (0-30 cm) did not change :,ignif
icantly over the 8-year period. We assume that 
the legume components of the intercrops main
tain the soil N status the annual input of N, by 
biological N fixation, is therefore probably sir.. 
ilar to the total N removal of 77 kg ht-I (without 
fert'i'zer-N inputs). "he estimated fixation rates 
for each treatment arc given in Table 19. Nitro
gen addition by biological N fixation is probablN 
one of the causes of increased yields over the first 
4 vears and illustrates the role to be played by 
legules if)sustaining soil fertility. 

Soil can readily supply 55 kg K ia-1 a-1 from 
reserves (80 t K ha - t 30 cm 1) and this process 
could continue for many years, as tile reserves 
are extremely large. Nevertheless, in the very 

ter in, contit1ou,, removal of K front the soil 
will result in deficicucic., unless K is added, either 
as fcrtilizer or by the rct-.rn of K to the soil in the 
form of crop residues or FYM. Soil N status is 
maintained by the legutne compoment of inter
crops, and the onl!y mntrients required are an 
annual application of about 15 1g 1)h-I and an 
occasional application of .ine. 

Vertisol Technology 

The sustainability of improved Vertisol technol
ogy can be judged by comparing it with the 
traditional system as we now have a record of I I 
successive years. Improved technology was ap
plied on an operational scale on 17 watersheds at 
ICRISAT Center in 1976. Najor benefits are 
better drainage, capacity for double cropping, 
lower runoff, and reduced soil loss. Full details 
ofthe technical components ofthe Vertisol tech
nology and the complete layout of the watersheds 
weredescribed earlier(ICRISA'lAnnual Report 
1975 / 76, p.190). 

I;nproved technology clearly ,-educes runoff 
and soil loss (Table 20). A simple index of the 
stability of production is the standard deviation 
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Table 19. Effect of nutrient treatnents on the nitrogen balance of an Alfisol, ICRISAT Center, 
1979-1987.
 

Ireat illlents 

nuru, N,,, N,, K K K RII'I,,, -FYI 2'N ,, IYM SF 
Addition", (ky' h ;1 1 ) 

!errtlie' N 0 60 120 20 120 120 120 120 0 
Ih'rtilicl K 
()reiietl.atter 

0 
0 

0 
0 

0 
0 

30 
0 

60 
0 

120 
0 

0 
2700 

0 
5000 

0 
5000 

I etal boil N iug kg 1) 
1970 458 495 483 500 487 513 545 505 477 ± 6.8 
19s3 
IM7 

474 
483 

493 
497 

498 
486 

489 
456 

522 
479 

531 
525 

548 
532 

524 
548 

517 
544 

115.1 
±20.7 

InlutI s and outputs. 1979-1987 
('ha ngu in soid N 

ail! ke I 2 2 3 -44 -8 12 -13 43 67 ±25.8 
ke ha , 105 8 13 -181 -34 50 -55 176 281 

.\dd it 1,ion1s 
lertltI/Cr N (k, ha ) 0 300 600 600 600 600 600 600 0 
()lgallic N (kP I.' -  -- - - 127 634 634 

RCmosals, of ctop N 620 685 747 797 816 836 771 865 755 

I',titnmtcd N hi\aiion4 

It ld Ike N ha ) 725 393 160 16 182 286 -11 -193 402 
A ace kg N iaI 1a) 91 49 20 2 23 35 -1 -24 50 

I RI. rciuan Iqrebhi, {ccrcait strl,.). 
.? YM l .111ml\t/oreltl~ 

Hulk IC \nSasi i t 1.4() 1 In. 
•l',, I tc ot h:.ation ignmcs N inputs inl rainfall, and losses hy leaching and v'oltitiiation. 

of the I I-year mean. Tlhe double-cropping sys- nology are evidently less affected by drought. 
tern shows much less variation (CVz I3 ) coin- There is no indication that productivity has 
pared to the trailditional practice of a singlc crop declined tundercit her systcm during the II years.(('V=40 ' ) (Table 20). The stability ofthe trail- Thi." is Cxpected as the soil is very deep (-. 2 ii) 
tional Sysctt appcars toche otre SuScCpt ihC to and! fertility is nalitained either by regular input
the vagarics of the w,.-ather as the ( f l or yicld ol fertili.cr or bv natural aunerahization. Never
and rainfall arc similar (40( 1,.30 ). Annual thcless, the watershed concept has clearly dci
rainfall totals can be isledine bcause thevSill) oln-tra.ted tile efficiency of the soil-and-water
not indicate seasonal distributio and the tillmig c01tscr'ation practice and has increased the 
01 rainfll or stresS, cai be critical to crop yield, stability ol'crop production in an erratic rainfall 
II owevcr, crops grown\ iunder the Improved tech- regime typical of many parts of the SAT. 

http:fertili.cr
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Table 20. Grain yield, runoff, and soil loss under improved and traditional technologies on deep 
Vertisols in 11 successive years, ICRISAT Center 1976-1987. 

CrPpil lp Impi o\c, stcIu (do uble cropig) ladihiot na systcm (single crop) 

period 
rainiall total icld R unof! oil loss (hickpea Runoff Soil loss 

Year (111)1 (t Ith I)( (t 11 ha (I ha ' (im'n) (0 hal - ) 

1976 77 708 392 73 0.98 0.54 238 9.20
 
1977 78 010 4.29 I 0.07 0.86 53 1.68
 
1978 79 1089 3.40 273 2.93 0.53 4!0 9.69
 
1979 80 715 3.49 73 0.70 0.45 202 9.47
 
i980 81 751 4.50 116 0.97 0.56 166 4.58
 

981 82 1073 4.24 332 5.04 1.04 435 11.01 
1982 83 667 4.36 10 0.20 1.23 20 0.70
 
1983 84 1045 4.81 154 0.80 0.47 289 4.70
 

-
1984 85 546 4.36 II N1 1.23 75 N
 
19s5 86 477 3.42 4 N 0.8,4 18 N
 
1986 87 538 4.83 35 N 1.27 114 N
 

M ea n 748 4.15 98.4 1.46 0.82 183 6.38 

SF -223 ±.52 ±113 z! 69 ±0.32 ±147 ±3.97 

CV (c) 30 13 114 116 40 80 62 

I A.cragc raintAll for Iyderabad (29 kin from I'RISAf Center) hased ,, 1901-1984 data is 784 mm, with t ('V cf 27%. 
2. Iotitl vicld A srtlghum atl pigColipci 

3 N - ,Mc.istrc ents 5erc iot taken. 

Testing Technology Phosphorus. Phosphate tock from deposits atTanhoua (PRT) and at Parc-W (PRW) were 

tested for use as pearl millet fertilizers in cola-
Fertilizer Practices borative studies with IFI)C during 1985-87. In 

trials at (Gohcry, we compared partially acidu-
Soil Fertility latcd rock phosphate PAR P (50% converted to 

itionocalci u II phosphate) from these Nigerien 
\Ve have ccn collaborating with the Interna- deposits witlh triple sutpcrphosphatc (TSI)) and 
tional LcvItil icr Development Center (IFI)( ' singlesupcrpiOsphatC (S5P) from commercial 
since 1982 in a research program designed to find sources. Parc-W PAlPR, SSI), and ISP were 
ways of improving fertilizer use and efficiency equally cffctive but lahoua PAiPR was no 
that will increase agricultural production in the more effective than finely ground PRT. [llis wa: 
Sahel. prohably hecause the iron content of Pl'1" (I0'/, 

In 197, wc conducted on-station experiments [eO) reacted to make P insolble as the PAIPR 
at IS(" and the INRAN researclh station at Benl- aged after acidulation. 
gou, alt off-station trials at (iobery and Gatya, For the different Psources, we determined soil 
Niger. ) available at 50% flowering of pearl millet in 
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soil to which a total of 40 kg,P ha I or 70 keIla I lidad hCIIap3 	 ic Table 2 ('nn lhtive effect of' phl sphom ; I ,.\V o:-1()k -, 21. 	 u ,,ha had bc, applicd vcr 3 \cam. \Vhcrc-4l) koe
 
j) hil I hlJ hccriI raldct. I,l\c(",li/llL 'ial l III\Th source and rate ol application id a ail;bhle 1
 
()IPI a c a lira% Pl %;ill(k,icr ificanitly hih l 	 I ra P1I (mg-l)j at pearl millet flo scring in the 

3rd y'ea r, Golhery', Nir, rainy season 19871.iiiall(Iht(c(I tiol 1; /l (c 	11Ii 1ic rIh icl ct i 
reC\(li . hI l ilt I I';il;mlo rlol I Il11C tl \pp.c34 

IP ',,\ tp) ii -tto' -ti ii . I5-1lN8.0 It'1 I'all l c 

b\~ ~~ ~) lilt.~ milet 	 II'sh~u;t)I.IIpILm 
 "C(1 7(
sVII>P K ' \\i 'h Ic,, Ik hl r ').2 4l0 1(5 71i i<n" -l 	 A I'~; ipt J plpt 

I I I htc , I I (IL II 1 , 	 i 1 1 i I I rIId blarI ocl.phosp2 (PR I1 ..0I 2t4 5.35
 

I ILi' I l kt'Ic (i/ I ti ! --C)all likIl htIllaoch ph± t. .sp8
1a
. 1 	 l 
11 (1()bt,' . 'AC,11' 1 0 ,ef ii l 1 i a c id i ciCOid ilWIC(I i \ 1!: l tli -1 P:1t a lk , ul 

( ilhol P .\ P) 3.62 391 
I "ll lltIi, c. Lot itt T. 1, ItI1 it . , (j 1l 7x.plo t i- \ rIold piho p lce htoc ,\V) 3.33 4.57
 
t 'ai, 22 Ih l<I fr I 'l 1le 1 Pa log pl s ll l
. , 4N nk 
pcit-e Illrllc! 

al~le co ,r! of. -,m i i ; t 	 , 
d r;till\I u!.I ailli, tietdli -, it g n iical i ,dllii i\t'lh ,111[ t l'' -,,1 \,II 

of 
, 1) R4 Nd. Soill 4.622 r t\8.05
 

'(ilc' \tllt.- ,.lllc(,ci ,cINccn S in: h
ill, 
 I ltlc (SSP l) 5.64 (I.(7
IP(11l I I h(
k-, P;11. \\ I. 1 I 	(41cui 1I 1 1)11.Sht'lc (l I (SP) 5.29 10.28 

d (Licd Ii I i t1 {I tt(\Pifol 2.24 2.24 

,,:1hi dck, t hiiii(, t Ili iic'll33. St- I 8.9 ±0.81 0.7 

,N evi.i C'V ( 26 45ifroi!, . i , ti lhc \,.i,c ,pa i11 f ) L;11r	 25 
,
l c f ()p i1 	 t,ctXplto I ln d c .om p letle Mo ck, plo t si /e50 i-. ti11l1c Ill\ ,Cr,pL lit im klim "'i~ lca .R a do i /ei 

Fablle 22. Recovery of' 'IN front peairl niillet grinh, lboivei-grolll d plant tissile, soil profile, aild totl 
recover),,'m differentl sources aind miethod's oflnitrogl2en apliicailion,' ,"adorli,Nigl~er rinhy season 191J,5., 

Planlt So;il I oral "NXIlc.;mtlt 	 6hainl (Ii) I su pi)l 	 p ofile C( ) recovery (It')
 

I,letiILIC.'-d(1,uhilli i'MI~ t ') 5.3 14.1 11.2 25.6 
['[Cit Ifldt-Cd dcc[) ( (() 5.0) 10.3 24.8 32.2 
I'lt.,ibfo!ildc'ilq,irld 'h l l ([lt~'t ill11 8.9 15.4 33.4 48.9 
('lCAllim mIllllltlllIll aH plac'cd (1cep (AN~ 12.3 37.7 29.8 67.6 
(CAttI11ii ;illlllliillil I :l~l'll)iadca l 
.HiJ/l tillclporftletd (('.\."'! ) 

..\ 1 ll tll)unitalc: placdLd c p (A \ Gi) 
10.9 

13 . 4 
21.8 

2 8'.9 
31.6 

3 1.9 
53.3 

6 0 .8 
N.'\IIlilIlIlI 1111fMlC hIllidl':tcl.Jilltdhncilpliatd (A N 131) 14.o 27.9 39.6 67.5 

SlI+I .2 -±2.0 f±1.9 ±2.4 

('V <i)26,..i 17 12 

I Randomni/ed comilciv Nock, phslo u 50)ml. 



It!(.c \ oluine of soil if i(,\ ar tlo rceitve ini.-
liilll hencl i ll,l bio:idcat levilier. Volatili-

,
/I I l (di h'll0;tdCt'lq II1.i1 ;t1,,O Citll Ci 10 ,S C ()ill 

PIC',. i ln iI liu it1 inpi ,c N onto h\ deep 

pt; tlliIIi l N i (11.1 I0I nei' lie' plaiit wcre 
ii!) t., Iill c.t. dI I i, v\ okilil l:liioll. At 

'19ti t1u :iu t he111 1 1 k'l piil\ 
.l ii ;,I liI it hIiI I'. ,i I N I-lV 1l1t I 

IIIII, ( i le'lii Il I I I I 11 11111i lt , I I ( iidI\(1 

:i illji iltlli l l 11k,1 \I hil i I liim cad I I 
i.%il il', dI in 1!.d lhilL ,[ ii I li ',-p ,eciI ii t 

fit-Illl ( \I . illf ( I'\)tlltiull if o-d fit ( AN . 
i iti I lihi l 'i' fIdl; 'tl, ,l 1 lie d Ae"\iBl . 

.A IIm\ l i l). It Iii l 111.d fith ll'. .(..tli!ix d 

iS ' 'S i1( liji t il p ilie e iet ill liei tl ct11 wI ' 
!1 I'11 tlu ic'- h V ti \ I(-CI, %t\crcI> . ;i ill ilI')Ill 

I I, IIt I i d I It 'CC At I I titc , I I/ el 

i'f*itlogcn-;e c,W
i,,, t.,.c~uu \ l llhckcu',r c ic ,o v>'' l 

5- Crop residue feritilil/r 

..... (Crop iesid.KLi 


. . .. I~ i-ilzlrlhc 


C-
( ontlrol 
•4 .. t 

/ r 
[S 

- /" 

/ I 
p., /' .[ 


)/" 


-Ill 

... 

/ 

- .. 

0 - T l 

20 ,0 8l)40 1)() 

I ): ill'i , 'itu.(I).\, 

used compared to only 32i whli nilrocil i s 

Ipplicd its ('AN placed deep. 

(lop residt ies. Il! )IQ1. \c set tip i trial t 

Sadol&"to study lihe Clf ct ol crop iesidtic and 

IeriiliIcr on pcirlIm1llet. ('rop rcI idues (4 ( Iat 
peri1 1fnle sto"i cIl e cild i i thi f i vrc I It ) 

holitr altd plolts. In s\o it eac C',d i , 

1 ICCd CeI I 1 iced 1Ir I1pl)\ liiI IC p1) su i aII . 

.\dd intIii c i p r u I c illie1.'' sidto. all ile a tie 

dIc;iI-I',' iIterI ch( ie Ic(-riili'I i il i i (I -I. ) 3 ). 
li Leslt, ( Isimttl sielIl \clc rhlllilct whell 

I.I .ivdr c - \\I 1s cl..i \h inrncri 

c2: tilNlt. . 

Ii lai itre." uiel . ,io i ilt Il t', iu i t tii 

la\, ei,:,tiu.c iu Coll i I .livl'iiid22.,e n d lit li,'t'toili\ ISA I 
\Vc imic' 1 -1)( 1( A 

oln-[iIII rc,.t';ilc'h to ldclill ithec twltlaillt to 

I';irIilCr ' illSU (11 i-lctl/Cl MIn(1r0MlIn C'lo) ]il 

Indiai (1WP"Ri. A I :Alliliia~l lRcpm ti ]9,XO> pp. 315

316). A Ii itlt;liet'l _",eulillie ii to dcletel-. 
i I1W" i i!liii il hi',(, Ii', ,lildt oill IY clis il Cil 

ec offollil -', :)I "o l ht]1 ii.. ,lons \ cdli 

to Ili lt11 t.ii "( , . cMlIHi d (',: I 'l l''l \ I!li._pt Ill 
the V I i t i llI !1 1!111 th i l.( 1€. i 1 ;1"i ! Ihii !IIli' 

reeiiii is i'hit;icell i IIc ic,% i eel- \Mmltiiflcl 
:i illitial I 1(M liSol anl ai i aiifil ; ol 2 ill. 

[ !-~Irpi\cd soll i:to bl,i ssdel\l il l' \ci 

adopted ill i i w.till,) i liu i lit rl l d c-ildi ll 

ltieds ulelllill i i ii eiiii tiiiieiillnilat it, 
,1"IlCSi . s t , llc ill f itt ( ( olthm) i]l(. letfill d 

50-80 ki, N hI 

tit 'he 1, ;1i;liv--e;,isi ll C\lerilllI. Ia ial 
i %rllea<i plied t Ict cls,as ill lo liitio/Cli IS, 57. 

5, alid I IA ki,N ha I iplicated twice onil 100 

l s IllClCil of Faribeisi: blplot'. l ,C'ltlfilds. 

sent it s(iu\ ini hlivestit Ihls had Ietiland l. 

selctcedito rplestlit thre Illilo soil !rIOlms dis

tiliguishil h\ lamils fiilie lcal soils tax
ottoin'v. I tllsli iiinili\. ldcntificd thoiiiu li inltet
'tes s tit llI liners. iiltided three majIor nd 

Iigure 23. Iffecti f itijiicalio of eirl millet illlNCCIlilr\' siil t\)(ies li i,,llihCl ril li ly 
residie ov er it ie-iir pteriod 118.3- 19 7) iin total l deptl alld pimC'ltl;l' (d bliack soils. 

dr * imatter of pt-irl lillet it\airiolls, tgrsnl, sii le, Yield rspi lito N varicd widely. IaseCd oil 
(Col)ern, Niger, rain' 5,01501l 1917 . prevailin d iiaili oiiroi_,hum pricin, opth l 
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in N'ldhva IPradcsh fromn 19,82,3 to 1984 85IIS Mv Ioii lcsh 19X2 83 to 198485 
I( Anulp 28(-2,2 , 
Iciivi\c were I8 wit hOXarrncri iticccd.I incflrv\ ~tcNlirm with 1 III]tic 	 \ lejo, 

land inthc %oalcrdhdd iind .lh7\ iciho .
Iktld.
 

I Icr"IIscllc-lcclii'ci uiqh1 liHol iclU(Olll. . 

Tatble 24. Planned treatment combinations 
under evaluation in INRIAN/ICRISAT opera

tional-scalh research, flirni N'Konni, Niger, 
1987-1989. 

r c 	 ('op ruotatiin and Yeai 

ic" ccL'L-[I 	 collibinlltions 1987 1988 '989L'isc hId{- ire){ \V;itii-IIHII Indc ictIt-------------.... 	 .... .. .. . . ...

pr:cticr l :hlc 23). ,,.,rs1) il hclorc tlic riiv 
-lihcd i l [it ci m id,X';1"(111. hill;il I \ illoI l _ l wIIIil ]tusl L o 

. uI([t c urN to t[I 	\"Iei ol \ri IR'k l II ll 

()<2I i - ,IIl1 I1\ o l 0 11-
L.i>, il l. l ,,''I Pol it' cI led T(iF 

)I I lI Ii c 1 % 
I V. ;lblc c.\ IT11' ICL\ 

11clp~~kc ( I~ u lllte 
twkciill[jil ul th ll. l iI\i ll][tAe 

l~I	I I d]] , \l ; Iit [I t I(AI 1 ' ],itit(1 mlc *1l l Ut'[lIo lIC
 

tilllw -l (hitu md i~s~ litul u (( I ii t i >

I!Id \',1 ,heIrill } i lhri ) ii u intail 

Icrnrr :Itl/ t !ii l~k irir,\ll[ s i )IcLjI.:Itrul t{\ 

.Sit 	 i rtul -II;irt r llCt [)lm . lui \ IiclId to<u 
k'!IIIi ,l [Wi Iu ' illWNI l)(i1 ',\Ci I I I 

lil.ul i,-, [i..r,{,;stie [Or tIIrit.c'. 
! '{}11/{'~~ ~~ ~ i ,~ ~ { ~ } ~~ 'I ~ ICll-I{1 ~lI',"I'!i' ~ 

iulill"(I ;ttil il]ipiseul ,eed. si e hc'iii tried lyv 
;,k -'.'k tlm ' fIll(, i;l \..lo, Iwhlt!. tlIllo.'l l calti(}ll
 

til I huil ;1 oIpl ti lh;r-Cu,psu. .j.ililltlldud t i: ll\ 
, ' , . I w tu n., issi i5 Ill'nn I ,sc"\n i
 

h'p [c,t .iil I l, en,luilmc etuppin. IPI
swir 
thi'. n, c , dI c.. trial,.s Il,_. - 5cm iinilli will 
pruh;thl\ he its, 1n11r lisite!" citiiutn. 

Operational Scale Studies 

\Wesi Africa 

In 	 l ,87. INR,\N nid (RISAI tcian collah-

oriatiie on ;fiupcratiounal scale expCriulnit at 
Biri N'Konmi. N lci. an INRAN substtlion 310 
km cas;,t ilNi;atnUe. Soil0s in t1, arca arc charic-
tcri/cd h\saI hiruhr clay, cuuiteut than thosc at 
Sidorfl. 

Wc cinpail cuuitthin itnmu, 1 innovative 
technologies inclulinig: application of ph.spho-
rms (13 kg 1) hii 1), improv ed \aricties of pearl 
millet ((IVI} and cowVlca Ii N 57,) in sole crop 

IradiionaliN1C M 1 M I C 
C l
 

ImIp[ m o . 

I ± I R() 
I" 	A I ,R I M 

A I R ICN1C 
I. If('+ R I M 
I. IC RI C

tI 	+ R0 C 

N NI
 
C NII
 

C M1v 
NI C 
C C 

. Na theiii.,t t1i liiC, i xcd iil ppigld at pcal millet 

l OCd U.mCtC O
l.r] ( rut llli ]]ct(M(M ) ofof ci I{(').
mhiR'n ens hchrl ririhi, [S{ir a inper ICk. I' it 

rims. 1 - iAli/u. .5 I - allCl i oIIIlIi p CSo in 

direct riutlirie u1i ucedtigiRi) \il Cropjimlrm.'uh; \M tutu 

Iuttiuu; t.t- %kihcl) utl ItC' hau culhiu. -L-1O i tllnt ~ ~ (ll o ple,,mv,',lid~illg}o.!l 


s'stems, rotation of'sole crops, and animal trac
tion for presowing. ridging, and weeding. These
 
components were combined in 7 treatllenits
 

(Table 24). Ihe experimental design was similar 
to the one used at ISC, Sadord (IWRIISAT 
Annual Report 1986, p. 310), with four repli
cations. 

The trnset ifthe rainy sc.sion at 13irni N'Konni 
was talC hv 5wee'_Mks1,aI SubSet IC total rainfall 
was only 240 rum. Nevcrthcless, sole pearl millet 
wilh 13 kg P)ha yielded 0.5 t ha-' of grami 

(SlI - 240.01) and [.5§ I ia-' of stover (SF 2 

:0. I(), Conpared wvit 1,,26 t h1 i of grain and 
11.0)8 tha stover in the traditional svstem of, 

mised cropping pearl tiilet and cowpea without 
lertilizer. Sole-crop .ovlucawith addition offer
tilizer yielded 0.60 t haI of grain (SE : ±0.04) 
and 1.23 t haI of hay (SF. :-±0.13) compared 
withthe0.1 I t ha' of grain and 0.71 t ha ' of hay 
under the traditional system. 
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Sovin oin ridges and mcchani/ed interrow In the Mittirnari watershed, iMcooperation
\%,cdinr2 Psirilg anrintal tractiolt gtv increases of with the t niversitY of Agrienhrlral SciceC:S.
0.I06 t ht I oi pearl millet grain, i.)0 t Ia of hlangal re, ,a\\ stndied repnlSes o1 a ground
pearl Millet to\'C. ,and (34 t ha tIcci pea hay, itit pigcwotpea intrcrop to lalid-ina elniert 
hItt cue\ aI \was rCeihccd 1V ).I.; t hI I praetices ol Allisols oer 10I farms. lahle 25

g 1.I it." 

lha I 

\l, IIii !; i,+ ,,,.; 'A ijt uccd n ,iic, 


thel itipt m d .ok-lop 'Vstejij. 01:lt1s's ] ields of othIIri-i'tllldllt aIld 
I ii vt d pi _;i2C01I i irerea ,.d K' hetter 

h, 1 p lt i t t l iI, ,t ,,,V ,teill!,h\ 421. 17 i /aIi ri t. Rair lall i the cropping sasoii 
,al +- lil: tl , 1 I w;s 464 iit1i 11119), 0 and .143 imn in 1987.

Ih ,l I [fill tu;tlthi tritlig) :tid 

hi' s'id.J \ 
 ee. \i eV Y , Ifr . (tillr111:1i-h hlt . Improved landiliilat iicic t also redi ced ri trll. 
10;1t l l Hitcuritit.' \(j 292 ni'raijj-iIra Scasonal runol f altie, ill xere: fari ters,6


I()! tIle+ itit lll ",\-,tcf,l. 240i)lltr- hlilt Itl l pri ticc, 3) lm  cortiO mirciltivation, 32 rm :
h1,Wdl eli tiIlltt a 1231 jartn II-hli at Co ntoli' r ifivati itiri l trows. 25 imm: alid 

ii l licit'tiMItt ; rll t1 a tIcd l a l nlI Ic t, cotlto rr culti't (+ill tl d tretiches, 22 atim .
 
llll iiotid i tsoil. t,l't+,,pea Ihad a [()tial WC also coinpratCd tie0 elects,01' prirnary ti
ha h , 1 _ Htlil ,l 1 , Mill-i oti laeL nsi;
ha ipa red itirpltne lls:Ite thIte I ani1.tial-draIVr
 
,,Ith f.'3 raie-il lit ,t, wn oulti\ jtedI h\ aimal 
 couitrphY plow 1-1(1mdccp), as contritilv used 

lIi l iIlti ,la . 11:.,h11i; rrarerC ,riCa) diitI.,'die t + ill this aircit 2. ariitrial-ltr; i,t K,,l;r moldhomrd 
thll oh-ite i'.e h lati ckill I _ecowp a,,, p 'lw(12-15 tii (heep), arld 3. tr,:or,:,.,dr ,iI disc,wil 

\. li ChiI'rtr 175 1iai-h ha plow (2(0-25 cia dcp). As there \%cre no. sierrif-

Icantt Yiel dii fcrCercr hetween tie three Pli'C
tices, the existing tillalce plactice appealrs to heIndia adct(ratc for lroulldilit lpigcejotrie intererop
pingg ttil, shi l.

I at Ver we described phAtItI('\AR I'IS ,I Ili the (CIevell; ,+Itcisrhcd\.\C Cotlaltht;atui 
prtect, otf tO', i,vatrsitlcds: ,littitimi i Illlh w Ilh('Il l), \ toeu,;,ii;Ic lairt1trrltagetleiint lP ic-Kolar disttict of Karatk;ij, Itid( hcvclla ili tice on \rtic I tri.Iptisols ill tmo l:tmners Iields 
.,Icdjk list Ict fI ,\rndhira iP idc.h ( I( 'RISAI aid ltcoparMhIiii.l-diaw\,tr seed ard fCrtilirIi 
.\iitia l Report IM p317). ,. olliboriItrt It101. 1( t:se C drills itnothir fartiers' field. Ili 19,"S7, sun
",tijli,, eortitiircd in 19X7. flower He. 24) yid was 1.41 tha Iwith con'tou 

Table 25. Grain yield (t ha-') of groundnut (.11. 24) and pigeonpea (IY 3) under different land 
ireaitments, Mittimari, India, rainy seasons 1986 and 1987. 

1986 1987 
I realltict (irolllditrt iigconpea (irmundrnt Pi[;'uro1pCa 

t-arlners practice (control) 
Co[tot c lti ation 
('oltojt ctalti.ation ard frirrows at 

0.86 
1.00 
1.09 

0.74 
0.82 
0.91 

1.14 
1.20 
1.27 

0.42 
0.56 
0.54 

3.3-m hiter,.'s 
(oitn cultivation and trenches at 1.17 0.89 1.35 0.65 

15-m iiters ils 

S F ±0.06 ±0.07 ±0.06 ±0.03 
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1~9, 44 	 *T-1 

~~070 	 T 

'At 
.4 s oil 

rV 

A5VT 	 ',AJ~ 

I irt, 24. A Chnitci tnitli his Jprf)iliL stnifi,~r crnjpin im / UZRIS k ( m ti c lit d nm im gem n ~td tuid 
ivIu1tst %laleirsicii., ralin it y'11 1981 

I 1hhc 2o. 1'crfruimolnt of seetd midl fertili/t'r Irilk usetd to so-V muiufmsr mi ( :evvjh, Indiia, ridmn 

.il IotL 	 PullS~h or i c o o 

Ici tiptalirti NlcctoiiciIl 

liiclinicd ph)Iit 893 1)36 9.3 5210
 
AVIrriiui Hland 1020 (0.35 8.2 51.9
 
(R I I)AI (lnd! 4(02 (0.47 11.4 42.4
 
11%P Mecimeal1
 

FHled roller) 775 0.34 12.1 38.2
 
Ra ~irfi'!t lhnd 579 0.33 8.2 39.3
 

Locatl praectice, (litnd 765 0.17 11. 1 50,.2
 

MIed ni 	 736 0.34 10. 1 45.7 

SIF 	 ±25.5 10.044 1 .5 f4.16 

I Ct ( whhlic of iuiiturinul III plantl Tpacin 
2 (tIc (I ipaic andi *\giihal . dcltucd h\ ](RN l' ., nctiidc cmii mg and prcssing dcvices; for oilier drills, seed and 

ci hti/ICI kkethLSL'it h~uiitiii~i s iiitc hmd ticii I nmuiml (immr practice). 
flkCscOpcut h.%( Criirit RClfcrciliitii IM~ 1f l(IDAr\gimtuic111[l's AiiiICd ((sulciihad. 

4. DCI su 11ct( crij tIisiiii )I \cmiCiiiiii~IA I liilic-it liop'll 

5 	 1 i inIpIi)S ct 'cd tCIIuiI/&i1 dtiI1
 

1)'1ppIhi is'i - iCrI wil sCnt Iv hi mt hChinr ut 01 ll l p
 

ljC CC 	 IIIIii(C Al 
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cultivation compared with 1.23 t ha I (SF1 i-Irrigated v 0.67x rse 23.8+ 0.04) in the control (farmers practice). Tied Non- C = 0.98 P1. 0.0 
ridges (1.33 t ha I) gave no yield advantage over 0--- irrigated y = 0.5sx rse 7 12.5Contour Cultivation. llownver, tied ridgcs did 600 1 - 0.96 ) 0.01 
rtdLcet rUl1off1: 111i1 it iSonl rain allIof 744 
i1m11,rnnoff \alnes were: control, IS Collnllni 

tot] r cult 1it ion, )5 ilila ctol ii ctilt ';i:tion 500
d wti A
 
with tied ildgcs, 69 imin.
 

I eh atljoliof sced arid lcrtililer drillsc%" t 

sli\cd thlt hand meterinlg of scCd could be as 400
slhctivc ill ubtalinirig uifiorm l Crop St l as <
 
niwchiairicial InteliIc- (Taible 26). A n1iItir lfitlor
 
ill liarnirts in tie ('hevella aret 300this resull is thltl 

ire hii l, skilltd in hand retslcrine. A iirig tIle
 

t1iilh1 tested the one developed b) ('lRIl)A was 
 _
 
it lias atvery 


eas\ ito eo st Iict ait! Ipcriatc. Ir
 

1hebest its low diaft (0.4 kN) and is 200- A i 

100 -

Modeling 
 0 

200 -00 600 
 800 1000
 
100 

-

Inorder to plruvide irforiati lon needed to illOdcl
 
the eprolih of chickpea_. we ceas ireld hioll;ss
 
production. light interceptiori, aid transpiratlon 80-


I tilis crop g ro ),,i ti i ilr oli Irig tlre
 
postr tU ;isc r Of )a,")It
IIMi, 5,aind 1986. 

Il MA)'l, we compared thre Cultivars (sub- -
treatilclits ,with irrigatcd ant nlrl uc,a 10mirri intd -1
 
tr lcltnuititl split- plot design In 1985 a id
st 

I986, i i;.1i,-oiurcC it-riation s\'stCin that applied 
 *"
 

wactr ci \veck was sutl ocreate atrange of z! 40
water tleficits ;lt \airuous glo(\th stapees.
 

S)rv-n itser prlOdiCtiOli Wa; c'or'claintl with <
 
cunulaive solar radiation iitcrception illboth 20
irrigattd antI rnoliilrigaltic treatmintnts (1- g. 25). 
Ih0 slope: of these lines representing the rat lii- % 
tiir011n _secl,ic 1 R J ) of ch ick pea are no t 0 
sigi ificanltY different. In the irrigatcd treat- 0 I
Ierits tle Iilfor both seasons and cultivars 200 
 400 600 800 1000

ranged flrori 0.49 to 0.67 g M .Iu of' solar radii- Cumulative intercepted solar radiationlion with a mean of0.58 g NI.J-' (T:iblc 27). In the (M.I n- 2) 
nonirrigated treatments, it rantgd fromin 0.39 to Hiture 25. Relationship leteeli total dry matter
0.57 g M.1- i with a incalii of 0.48 g M .1i.R adia- production, percentage of available water, aind cimul
tion Ilse efficiency sho\vcd aIquadratic (fecr'c;e ative solar radiation interception by chickpea (cv
with transpiration ratio (iactualto pote- Annigeri), I(RISAT (enter, postrainy season 1984. 
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Tabhle 27. Effect of droughl on radiation-use tia!) observedi tiring tle season tIp to Inaxi innIM 
efficiencs (RU'E) of'different chicliea cultivars dry-matter production (Fig. 26), but was not 

c orrelated with the saturaiol deficit of the ir.groWn on irrigated and drs land IRISAT C 
ter, pIlstrainl , seasons I19X4, 1985, and 1986. )ry matter production v. as linearly related to 

- transpiratio I1ig. 27) iii both irrigated and iion-
I nett t,'d t)r. irrigated I fcaililnent,, tie iriigated tleCat llmnllI p[ro

. . . . .- ducing 2.54 i, of dry m atter kg I 0I water tiains

('ulti,ar ( N1.i q, MI p)cd and the no1iirrigatcd tIeaten11+tI .(0 2. [ bc.1 lc 
---------.. -.......... . . di' .ttte-trannpir'tinll i in the-I iiiio 

1984 irrigaied tre'at mlnt raned lioin 1.94 to 21.54 g 
Aintriieei t,).o7 0.55 kj! oVer the thic sci,,oti,,,. a man o! 2. I 8L!t.01 -0.01t6 lilt 

K 8 5 0) 0 . o~1 0 S7 ±IO.(c c
0 .0 2 9 f ? ) ll t(I 110 0.001 0015 04 -Ot.0t ke (fable 2-). In th1 n.itirricated treatment1c,1l e it' 

llingedt froll 1.42 to 2.10 g ke I with a Ilcan of 
1.76 g kg 1. I lc I I ratio ochtekpea dcrcebaed 

1985 with incrlase in :ir satrationl dulicit. Ihsc 
Amlgeri 0.49 ±0.016 0.46 ±0.018 ratioS %\,cC MIltiplied ,V the CoTCSpolding 

\'aluCs Of saturation deficit to etl (Italitics 

19t6 expre,,sed as l! kPa kg, I f ratiliration. [is 

.G 74 0.54 ±0.026 0.39 +0.01 t redticed the ('V frot 10. 1 to .1.4'! in the irrigated 
treatntent indicating that the I)M-I depends on 

Mean 0.58 0.48 atinlosplcric demand. In th, nonirrigated treat

0.70 
0 

0.0
 

0 0
 

0 
: 0.50- 0 0 

0 

( 40.40-o 

0.30

0.4 0.6 0.8 1.0 

Actual transpiration potential transpiration 

y (.69 0.Xx + 0.79x 2 rse 0.043 

r2 0.61 ). 0.01 

Figure 26. Relationship between radiatioi use efficiency of chickpea, and the ratio of actual to potential 
transpiration, ICRISAT ('enter, postrainy seasons 1984, 1985, nod 1986. 
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600- Irrigated 

Ii - Nonirrigatcd 

400-
E 4)-

-" 

- 2010- ,, 

I 

100 200 

Iranspiration (kg rm 2) 
. "22.54x rsc 31.8 LJ v Il.66x rsc 7 6.2 

r 0.98 ' 0011 0.99 1' ).()l 
Figure 27. Relationship) I"weenoolaI (Irs ma (t r production inIId Ians Piration of chickpea (c%JR; 74), ICRISA'T 
('enter, poslrain. season 1986. 

'lb'ble 28 Effect of moisture deficit on dr matter-transpiration (I)I1-T) ratio of chickpea andnorinalizaion with saturation deficit of air, ICRISAT (enter, postrainy seasons 
its 

1984,1985, and 1986. 

Normali/ed 

)NI-T ratioDIM-I ratio (g kg 1) Saturation deficit (kPa) (g kl'a kg 1) 
Irri-
 Irri-
 Irri-Season! Cultivar gated SF DIv) S 1- gated S1: l )rv S1 gated Dry 

1984 
Annigeri 2.16 ±tO.001 1.77 :0.008 ±0.2 102.46 2.S1 ±0.218 5.3 5.0K 850 2.11 ±0.012 1.79 ±0.010 2.46 ±0,2 10 2.81 ±0.218 5.2 5.0G 130 1.94 ±0.017 1.42 -0.007 2.46 t0.210 2.Y ±0.218 4.8 4.0 

1985 
Annig-ri 2.16 ±0.013 ±0.0132.16 2.26 ±0.119 2.32 ±0.122 4.9 5.0 

1986 
.JG 74 2.54 ±0.015 1.66 ±0.010 1.96 2.19±0.090 ±0.098 5.0 3.6 

Mean 2.18 1.76 5.0 4.5
CV (%) 10.1 15.2 4.4 14.7 

Grand mean 1.97 4.8
 
CV (%) 16.3 
 11.2 



ilnent t(rtoraliiatior ot M I \.atdid not sic-

niicrrtlv red-, the ( \ Hlim 15.2 to 14.7l'). 
\Vhen I )N -I faitl) ,,rc pulid lor all treat
taicit,+ the (A\ luucc:r, ul Ioi.. 1.1oIan i 

\\ , l , titll ml dcliicit ,Ic'r tehl l I. .\i t \tI 

iIiltl\c\ cmlsci tise \"dtle 111.S ! k: g1. 
\' r ailct.,h , ld IL' 11,C'd :Mlh<' h ) C'-,lillla+!c 

Pearl ,UiMc u 

I he In ri,,,'.ikc Im a pearl millet Simulation 

'ho l \.; (tlL' Iul i . li,.( IUR l,SAArnnr i\\" 
pI 9- aid 2 55. WcI,),3. pp.t2-24 1984, p.

' 
A\veCd theW p)ICIL) x and crV,.IrthrtrUtiCS 

lie illcl hameu l i liii ination .er'llc'ilct b 
tIe RuN, ' \I~lla Cllllr nil (and,;!k Plo
! ii, rI 1II ( Icl Ici.Irid by tIe I )cpart-i 

and the al orithms used in the model are as 
lfollows: 

V A i)('() 1.0, wh n(l i )_. 0.25, orD 

\%,here. 
S 

I
tll 


1.97(1 )S
 
III 

wvhetn(1.25 - 0I S "1 .75, orIT 

0trwhen .2(I ) 0.75 

IT 

Siiruated JvailahlC soil Water Olo iay 

v.dyarld 
Availahle waltl-Ihlding Capacity of 
the root /one. 

I lL irodel was tested N\h ilodependent data. 

IIItc it Ih1ih1 a 1 1 It\II 1lani'lt.IISCi,:IIcciliUlatcd total dry mla~tter (iI)M) ",,s COln-IIo11 
it r1h, I (i\I \(mllihtilr. I K. I ledii\ ri-
t i;(,i (ti!:C I .tth ces lereer 'eeto(1)01 el eli 
p;ritlIte init Oi rr1i,1t(isj): pallicle iliititIon to 
:rtn1iscI(i (is,). an(I anteeis toI phyvio olvical 
nolriid ((iS,) wece sirritliit( h\: 

I when I I ,r 

Irni I) QtQ i0 when T' < T . I'm 

where, 

I 0, " Ill Oil"1 Th) ( 

S average air terilperatli e, 

I has tcripciature (10"C), 

T Maximrurm temperature (45''C), 

I0
10 uptimriln air tcripcrature ("(),) 

tillc a rStages, 
st i3ce. 

01 tlitllial forildevelopmental 

l)ailv p tCitial d1rv-lrattCr prolCtiilln \aS 

calculated hacCd on iiclit rSiefficiency and Iight 
interception (2.2 g of dfry' ratter per MI I of 

lhotosynthctically Active Radiationt intcrcepted). 

a)aily net dry-matter cain is calcuilated hy ac-

counting Io soil water ticficits. The water dcficit 
coctficierns (WATl)()) were derived fRom field 

experiments coniducted at ICRISAT ('enter, 

pared with ohserved T)M ofltwo p,.trl iiiliclt 
,:ultivars (11.I 104 andlCtIM It412) grown under 
livedr-ought reatlnleritsin 2ly _ars( 1983 and 1984 

dry scasons) at l('RISAT ('enter (lFig. 28). The 

pearl millet model cxplained 707 variation inr 
the ohscr\Cd "II) NI. lie rtot Mean crror';ILrIa 


was 7'; of the iean bsvci\cd TI)M. ()n aoic
age, sirrmulated TI)M was 747 greater than that 
ohserved . IIowever, the intercept for tire regres

simon etwecnl observed and simurlated %,,lineswas 

not significantly diffecrnt Ironin ,cro and the 

Slope for tire regressin hetwceri ohscived and 

simurlated values was not signilicantly different 
trom 1.0. Th model therctore acounlted for 
watcr dcficit elfccts reasonahly well in termns of' 
caleiuaticilgTI)M. It will he iiprovcd tor account 
for tie effects of, water deficits milphernology., 
dry-natter icermulation ra.tes in diffcrcnt crowth 

and yi llc lpornrents (grain mass, alil] 
craiil ri1rrheis) in pearl millet. 

'lie prmhahility of' S1''cessffrl crop establish
ncrit, and of, various levels of* hiorlass produc
lion loidiffcrent sowing dates at Anantapur. 
collipUted with the model, is shown in Figure 29. 
(uitivaris with a duration of' 60 days were used 

for the Siriulation I)cau.se tile Ceral Improve
riet P rocranl has been devel oping iarly-iitu
ing pearl millet cultivars for short growing sea

http:I)cau.se
http:wvhetn(1.25
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Observed total dry matter (t ha-I) 

v = 0.7Jx + 1.68 r 0 .84 

(0.12) (O.87) rse = 1.22 
Figure 28. Relationship t)etwieen simulate(d and observed total dry matter of pearl millet. Data (n 20) pooled
over l(o cultivars, five drought treatments, I(RISAT (enter, postrainy seasons 1984 and 1985. 

- Crop CStablishmert 

....)\ input 
/ 

>.~~~ 0. S 

. 0.4 s 

I.. 
o.2 -" \
 

I% 
% 

0 . I, II1un I.Jul I Aug I Sep I Oct I Nov 

Sowing date 
Figure 29. Probability of estal)lislhing a rainfed pearl millet crop and achieving at least 1.5 t hia - total dry matter
under low input (assuming AI = 1.0 at anthesis) and at least 3.0 1h-I' total dry matter under high input (IAI =3.0 
at anlhesis) for different sowing dales at Anantapur, India, 1977-1986. 
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soil. We mllodificd !tihe lerial tile cllulincellts network of rain gauges was installed at each 
of Bi 104 to simulate i crop with a dtiatioj ol 0t station on a 200 x 200 1n grid. DIuring the 1987 
diaV. riny season wC assisted INRAN staff in the 

l)ail tlinmatic' daa Ii iii 1t)77 Itl198) % e collection of records. 
used. It \ts ;ssuiiud thall clups 1.,yernilinat_'d Itt cooperation with I NRAN, , lso, installed 

'Aat ct c ce i ii ';;thii ntt e+ stations aIt en ,ouandw iei ,,oil led 2' t 5 I).\i t e t aradi. 

ititl at pliiit, Citee d \\ItCt' () IhIcllial IiliC Ikaiilall. temperature, wild speed and direction, 
illit-,ieCe lltiiilited iti eeLti iititi. tsine this, lative hutidity, solar and soiltad'iatioll. tern

,
ctittclOi . it I, titlid th;t tlt+( pltdl itiL,, )I anihouily basistih pcritatlc dtt;i a.crc collected, (lt 
t-,tah)Iillii'l, itctIOp At \itllitlIptl; Id+IIC 1tou1 30t illto llirtiC IColded. (otllipllter,tild\were el\ 

it)()'0 ri tlllI tt li l ,'le h lC tsed to c!.itler
di tlll ,(0 "l\\ ll i proei "iiiiii ate nIonlthl 
bt+cls\\tiee ill ,.pritltc . C,.th sllm iiit"C, which 'ACrc:ait( r Ic ila-ky slp-

I lie pl htoilitics (t ; Itoli\Ili! plied to INRAN.II )\I (d inue 

ha itnctc itl iii itte Al
h,, -it 

I.) it ;Ittlcsi-, t)it it tes .1 Ith i ittlcl hiielh M ali. \W C eti'tM t to sIpj i thieC, resea.C;rchel01uc 
Mtp tIM;it,, iiite I AI 3.( it iitlicsis)tire 5u stations iIi Mali i. ('in at.i Ko-Motuih and 
,t les it! ill .,\ iel i (ates i 15 Sep- poIlo byv provicitt. tS.\cept Iintiicial aid (throiugh 

teifl~ rc. , hu.u t1t t'tof's sOy'Ai tmc cll All). its w\ell ical assistance onl stationIeults as tecl 
I q *\teisl n I § 'ptitelh;ie pro(- alnagellient. WC also cillaborated with sCieLnlld sittiilalt 
hi;ttilitie, o acii\tie ;it eat, I 5 l§ha lists crop breeding, soilt I l )Nl on protection, and 

til Itihitptit ld 3. 1 hl I I I )M,nuIcl lox\ science' problemls.
 

India 

Collaboraion with CRIDA. Alley cropping 
agroforestry trials in the SAT have consistently 

.ooperative Activities shown1 that yields of many upland crops, e.g., 
sorhrtm nd pigeconpea. ,re greatly reduced (30-

Collaborative Projects with National 90(' ) when hedgerow spacings are less than 5 i 
Programs (ICRISAT Annual Report 1986, p.309). When 

rainfall is low 1. reduced400 nam), crop yield i 
West Africa even at 10- placing. 'IIiis year, we Condlucted a 

joilt experiment with CR I)A at Gncgal farni 
Niger. We continued two 1(oint pearl millet to determine the relative importance ofcompeti
trials with INRAN. Niger, consisting o" early- tion for light and moisture in alley cropping of 
illid meciuni-aturiicuiltivars it six locations lcuecacni licdgerows, 10 in apart. vith three 
in Niger. These trials arecotreinated by IN RAN crops (sorghtm, castor, and cowpea). The hedge
id we cotitibitecd liveCCntries 1or Cch trial. We rows were aritanged iian cast-west orientation. 

also Coilldtictcd a joiit trial illpearl millet cow- The soil on this site is a medium-deep gravelly 
pet ilitcrcrppiiig. \Vc participated in the recently Alfisol. Our trials have shown that sorghum is 
formed SA"(i RAI) cov,pcMiit' (ik, and cuOI- the most tolerant crop, while castor is least able 
dluCted trials to which We coiitributecd five Clitries. to tolerate competition (lip 30). Competition 

At the invitation of IN RAN we evaluated the for moisture was examincJ by installing a poly
type of raiin-gauge ietwork teededI) m1onitor thene sheet in the soil on one side of each hed
spatial variability of rainfall at five principal gerow, to ;,depth of 0.5 in, to act as a root 
INIRAN research stations illNiger. Kolo, barrier. Soil-moisture content was measured at 
Ndiunga, eicgon, Birni N'K oni. and Naradi. A several distances from tile hedgerow. A control 
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120- - Sorghum saturation deficit were lower illthe alleys coil-
Cowpea pared to sole crops bu! the analysis is still 

... ('astor incomplete. Crop rows +,dacent to the trees100- intercepted 25 40c, less radiation than sole 
crops. Dlurine this season tk' total olar radlia
tion was frrelv abovu 20 N!.l
a1 ,. cause,of
80- % cloudy weather: the cseralc valuc was ahout 15 

Itisclear thal the main loss of vield ilthis 
00- %% 

-- , 
agroforest rYvSeY i Iscaused bV collpetitoll for 

_ _\ 
 lan eti 
# when the meal 

mois t u r e rat h e r lt or)i ,e ven i n a se aso n 
radiatio level was slihlormal. . 40f
 

Leguiics such as CoWpca tenefit 
 froln shading, 
-
 whicil reduces total tratnspiratioti and promotes 

,-., , lplant growth. lIxcavati ni of the root systemn of,,.0,,"leucac 


J 
na showed exteilis.C spread of' liet roots 

v 10-30 cn below the soil Isulace, which explains
the severe competition for m11olstle wilh ad a0 centcrops.

9 4 95 980 1987 Illanother collaborative projcct on Nitrogen
(329) (238) (230) (332) M anagemlenI in I)rlands, parallel expelinllllts 

Annuial rainlall (mm1) 

'iirt 31). Grain iel ofcrnps grill tn i i 1-niswide
 
spacing of leucaena hiedgermis5niui AIlfisol, (;unegaI 
 ..... Co \vpea

iain, rainy seasons i 984-1 987. 
 150 -'orghuLl 

,#%
 

had no root barrier. Radiation, emperature, 0
 
humidity, and wiindspccd were regularly mloni-
 100 .
 
tored tinder the trees, at the middle, and at fle oE5
 
edges of th alleys (Fig. 31).
 

The amotitnt and distribution of rainfall were % 
ideal for crop growth at this site iii 1987. Yields
 
of sole crops were 3.3 t ha I for ;orghurn , 0.79 t -o
 
]liafor cowpea, and f0.7t la I for castor. The 
 50 
effect of hedgerow conpetition otn yield of iiter- .
 
cropped sorgh ulin and Cowpea was less than if 
the year had been dr., Ilowever, growth adja- O 
cent to the trees was greatly reduced where there 
was no root barrier. FJcause of the greater
growth of crops in the middle of the alleys total 0- 1 1
yields for the barrier treatment were 20% greater + Root 5 m -Root
than in sole sorghum, and 9% greater than1 ill barrier barrier 
cowpea (Fig. 32). This improvement illyield is Figure 32. Relative grain yield of sorghum and cow
probably associated with the modification ill pea between leucaena hedgerows, with and without a
microcliniate within the alleys. Windspeed aid root barrier, Gunegal Farm, rainy season 1987. 
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igure 31 .a.Agrofo~restr:, trial location shnoing rumo harrier iNuWWalin along one hedlgerows (right)ill May, anld 
1).crops g~roiing iltthe samle location illSeptembe:r, G cgl Farin, :knhra Pradesh, 1987. 
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on Alfisols at CR1lDA's Hayatrnagar Research Croundnut Modeling Training Vorkshop
Farm and I('RI SAT Center assess the residual 
effects of leenties :11simple rotations based on 'hC first International Fraining Workshop oncastor. (See also tinder (perational Scale GroundLnIut Modeling was organied from 23Studies p.324). March-3 Ap*ij, at I('RISA ('enter. It was co

sponsored by twe International lrenchmark Sites
Netwowk for )r(IlISNAt) 

and 1RISAT as part oftl[e coopcrative ground
nut modeling experiments in progress at several 
locations in India (ICRISA Annual Report 
1986, p.317). Scieltists floii Australia, Sri Lanka, 
Thailand. USA, and India attended the work
shop. fopiC.s included plhCnology, photOsyntlhe
sis and growth testing and validation of the 
Universit oflFlorida PN T l' R() model; model 

Workshops, Conferences and adaptationand system alasis data-base man+ 
ilgemet risk analysis and applications for cropSeinlars improveuVteil; and tileisof expert systems. 
FiCld visits gave modeleCs a pIractical pCspcc-I(RISAT (enter tivc. [lie participants bro<ught 13 data sets 0if 
elloilnld [Ltcxpefrim[ents coitl ucted illacas rallg-l('A tR/I(I-AI Working Group Weeting on ing from I NIto 32"N latitude to test the 

ouctifcirology ['N IJf(R() model. f hcse data sets provided 
excellent naterial for practical training inle11C wid U.\ I'.( the

P.l,:\ I working group use of tht model. Deficiencies in tllemodel were 
1elvi+!(Mo Iaerolo Irom 3-6Was huh+'; highlighted tor luture iinprovcilnent.

'".iIai\ 1,S719 . Iat .RI ( cntor. 1hc obcc
i,'-v e, to the_ fc\I,\ exitf eC progress of
\, ilms :uh-culltc, s ol t hi_'..l11ndia (ootdinated 

.\. il+el lot ot cli' (\ j(AIC CwInt )), to identifv
 
Icse;r blthists ill JlFl'IutcolOltgy, and to Wrcst Africa
 
foitiulat, a tiuic-boiund technical puoguanili
The
 
miccting "as attended by 34 piartcipants repros- Soil, Crop, and Water Management
cntilue dilcler l .celntlrs of til' A(.'A\projlect , for Rainfed Agriculture in the Sudano
( RII)A. WAP., and IARI. Participants from S.flielian Zone
Anand.I0 An\tliu tlauealo e.tI, tlisar, .Jabalpur.I nldhiun, l allumput,Rinlhi, am Sohlapur, This workshop w'as conducted by INRAN, and

i\ icCed urgielI.ss ini climate data anulysis, nicro-
 the I lited States Agency for International Declituatoiical studies, and crop-weat',le rcla- velopment (ISAI1)), IROPSOIIUS, and ICRI
tionships. lie 1utpt cmphasi/Cd the need to SA, fromn II to 16 .annary in Nian'ey, Niger,
develop a dclailed programll of rescurch for each for nearly 100 participants 'fom different back-
Of the centers on hasc-data aualysis tr tile grounds. Conuntries represented included ir
transer of agrotechnology. the workshop rc- kina Faso, Cameroon, Cape Verde, Chad, CC'te
coiticimel tile adoption of a common methiod- d'tvoire, 'thiopin', France, Ghana, India, Italy,
ohgy for minimum data collection on weather, Mali, the Netherlands, Niger, Norway, Senegal,
soil, and crops, and for agrinotfnic aund crop- Sudln, UK, USA, ,ndZaire.
weather modeling expefiments to be conducted Thirty-seven technical presentations focused
at tile various centers, on rainfed agriculture, soil and water manage

http:urgielI.ss
http:Anand.I0
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ment, residue management and agrotorestry, 	 Information Bulletins 
cr.oppirIV sVSis., cul!tural pfac:ccS, ni, deling,

and cctl(t)Inlllic colsideratiOnl,,. .Skiakumar, ,'I.V.K., and (,nouniou, IFaustin. 1987.
 

Working groups studied :.roocctlogical Coll- ..\grocliiaoh~g.\ 0I \Vest *riCii: IBurkina Faso. 

.Ai a ,itsan,d todtictit,ni SVstcits;, Soil and crop 	 hlirmiiii Ithullctlin n. 23. Patainchetm. A.I. 512 

llina .clifliit fo, efficie l use ofl ,ater, soid- 32.1. India: Initcinatiiiiml ( ,lps Rtctarh hnistittitel o
 

fertility inlanla cIn rit, crop-res+idlit' Itima at.~ctncnt the SCIIi-Arid I ,+l+,,. NS pf,. 20 lI. ISBN 92-9)66

1 (1 1: 023)
in rcl;ttitn to, li\v stock miid soil nd water con-


SCtvatitil. ild the sot'iOCeOntt ieC impact of new Siakuiar,N.V.K. (;cillmOtio, latislfin. 1987.
 

tafiltillti techntolocic.. 	 ..\l!itclih iato lo, ic te 'All i.iiqi. (i t ). ", t: c Burkit 
Faso. utlt ti: diiloriitti noi . 23. I1)8T. Patan
theui .. \i, . 5(12 32-1. ISA I lX pp. 20) rcl.A India: t(t 

Les ('tnltires .Associhs au Mali (Intercropping 	 ISIN 92-9060-123-2. (1IF 023) 

Systens in Mlali) 

Ill co:lalortt iii with the i,Ustittt d', onllollic
 
rurillc ( I,. vu il ai/ctl ;a,oirkshpon Inter- Workshop ald Sylposia3 P'roceedings
 
cfioppii Svtieius il li froih 15 ti 17 Sep
icinhih Ill Bm;tnako. ,.\ ot t )O ,cientists and 	 W('RI,"AI (Intlrnatiomll (Clops> Re"Cauch lns"tilltt lu 

\ ll i o l - mi 
Aol \ u iiil l ,,'itv ,id past Scini-Arid Irtii ic . 1t987. s in the diii 

ci piiliiiu, \.%,tnIj.> j tch inl M ili :Inmd dvel- it opics: pitcccdlie, tPl the (miiiiiIiiiil' \W ri:iip im 
t'tiiiiih i~r s N ltli 	 .lie s eII

S sU.l I I o t l aid lt t i Ilt rc sca ltCh () jtS it/ ing hOI l d ut ix t\ )I1AI \liAHiititn ,,i [ inC .	 i d 

t-I.,t.it'l Sil,. -3 I)cc 	 liti. hi.; 83, t('l, S.\ I (tii ti 
',I]]ItH~~~~~~~~tlIII.VIlU ,f p ]r.l t'tm .. n hAt'~n :a a~ hIW r ll , .... , 2 Q2.1, Indlia: I('ll,,A I . 196, pp. 

k iriu t'ic;tiiii were peltCtHtId alnd discussed. StN 92-i)d660 103-8 W11t 030) 

I a;i ,actoll techMiiic lts clc Il eet.c and
 
tt ;l IeCitill, \Istcm \w tI also de clopi d l ...R (S miil iictIttli Ra l i
fol. (ItilciiiNti A1\ l ' IItC (CnI

cxtclli loutoii I si.iI, lic plo cc ditti's of this tcis). 19,7. t'riccciiinp Ifthe W"tii ,hiui onI aim ing 

%%0IrIshon atc hiC 	u uiiti l\' ptblishCd bv IIFR S.st niIs Rcc'ch, 17-21 Fh 98(i.t(l,RI SA I (enter. 

i l ' India. Iaanctiih ii. ,.\. P. 5)12 324. India: (RISA '.
ht< 1( tRI.';A! Mali tiiir-ati. 	 10 pp. IBN 92-96()(-119-4. )('1'IF 039) 

Journal Articles 

A,,adhwai, N.K., Takenaga, T., and llansal, IR.K. 

ul1)11cation987. l)eNclopttiti t1 impro\cd tjgricultural iniple-Publicationstlnts 	 at ICRISA I. Afgrictltinral Melchani/'ation inl 

Inslicit i~eti PnsAu 	 sia, :\frica andt I atin A nm tica 1S(3):2 -25. ( A 593)
Instil lle Pulicliotnfs 

Barisal. IR.K,,,nd leein,,eslein, R. 1987. IPcr-lumance 

e .altlaliol (11 an ww,il!ting t migh-typleIctilimcRPesearchl B u lle tin 

applicat . .holllat l tilAgricilliial Fliiei ting 

K.N . 19 "/ lank Rewarch 36(2):101 -114. (JA 528)
101 ()pIlln, M., Indl SIIl)i)a Rao, 

iliqatiol ill ,iilij-artil trtopicail India. Fceonomec cU- lda. A.K.S., S tellijraini, N., aIt] Vir nit, S.M. 
luatim a lldai tiiives lIt i litltmeicint. Rescarch 1980(. N II;igCiitit ii aerictitr'it drohii21t with SPc-

Bihllctin no. 10. 1987. I'at'i chern, ,\.P. 502 324, cial rlefreice toi soil katcr availability and water 

Intlit: I RIA..\ I. 38 pp. 21) it).IMIN 92-9066-121-6. rCttuireCni tS ot dit atnd crops itt India. lal Vigyan 

(RIII: 0110) Samcck sha I(I):153-171. (JA 666) 

http:I]]ItH~~~~~~~~tlIII.VI
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Huda, A.K.S., Virmani, S.M., and Sekaran, J.G. 
1986 Simulation model for sorghum crop and its 
application, Indian Journal of Plant Physiology 
29(4):317330. (JA 362) 
HudA.K.S .19 87. Simulatingyieldsofsorghumand 

millet in the semi-irid, tropics.-Field-:Crops 
Research 15(3,4):309-325. (JA 665) 
Huda, A.K.S., Sivakumar, M.VK., Sri Rama, Y.V.,
Sekaran, J.G.,and Virmani,S.M. 1987, Observed and 
simulated responses of two sorghum cultivars to dif-
ferent water regimes. Field Crops Research 16(4):323-
335. (JA 497) 

IHuda, A.K.S., and Virmani, S.M. 1987. Effects of 
variations in climate and soil water on agricultural 
productivity. Pages 36-55 iii The impact of climatic 
variations on agriculture. vol. 2. Assessments in semi-
arid regions (Parry, M.L., Carter, T.R., and Konijn, 
N.T., eds.), Dordrecht, Netherlands: Reidel. (JA 673) 
Jodha, N.S. 1987. Introduction. Pages 1-20 in The 
impact of climatic variations on agriculture. vol. 2. 
Assessments in semi-arid regions (Parry, M.L., Car-
ter, T.R., and Konijn, N.T., eds.). Dordrecht, Nether-
lands: Reidel. (JA 685) 
Jodha, N.S., and Singh, R.P. 1987. Village level farm 

- adjustment to rainfall variability, Pages 56-67 in The 
impact of climatic variations on agriculture, vol. 2, 
Assessments in semi-arid regions (Parry, M.L., Car-
ter, T.R., and Konijn, N.T., eds.), Dordrecht, Nether-
lands: Reidel. (JA 686) 
Jodha, N.S., and Subba Rao, K.V. 1987. Chickpea: 
world importance and distribution. Pages 1-10 in The 
chickpea (Saxena, M.C., and Singh, K.B., eds.). Wal-
lingford, Oxfordshire, UK: CAB International. (JA 
503) 
Jodha, N.S., and Virmani, S.M. 1987. Conclusions 
and implications. Pages 69-74 in The impact of cli-
matic variations on agriculture. vol. 2. Assessments in 
semi-arid regions (Parry, M.L., Carter, T.R., and 
,Konijn, N.T., eds.). Dordrecht, Netherlands: Reidel. 
(JA 687) 

Rao, M.R., Rego, T.J., and Willey, R.W. 1987. 
Response of cereals to nitrogen in sole cropping and 
intercropping with different legumes, Plant and Soil 
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The Training Programs at ICRISAT Center - - 

were ecoordinated hy the Trairriing Ad visor% Table 1.Participants in honglerin training pro-

Cormnittee. 'Training oflicersand researchscici- grams. ICRISVf (enter, 1987.
 

tist supervmsed th: inlividualized programs Aor (itcgor. 
 Nullifer Week, (',urntries
lPostdoctoral l[clloms, In-service Fcllows, Re- - .. . . .. . . .td 
scarch Scholar:s (M .Sc and Phf)), IIIservice in-w t~icc Fllow" 

'.oct:+ lcllo% ,, 5, WI 412 I0 
34 1 1 114 11 

Trainces, and Apprentices. I'articipants Wee l-,CSLi,ch S tcolir, 10, I 815 It 
selected frtin nominations by national Ninis- In-" :inec, 2.74'3 2990 35 
trics of AgriCUlIttrC. U[nivCrsitics, or SrAT research Appenticc, 5, 2 l0, 4 
and development program, his year, 210 Mdi
vidtals reCfresCntirQ 46 cotuntrics received 4,199 .. i...............
 
wcck', oI s kill-dcvlchoment training at ICR ISAT 1,NumnLeicinnium into'19S
 
( entef ( l+ohles I and 2). 2. )i ltercnt couitric,,. 

Table 2. 'articiantls by region, cOlntry, and calegory in training, ICRISAT Center, 1987. 

Rcpioln colitr', Is' ISI RSu PI)[ App Total 

3 3
hid 4 1 5
 

(;ha, ]a 
 1 0+12 1+
(Ail ca 4 4 
N\al 
 5 5Matti na lia I IMo riocci; I I 

Nigel 3 3
Nieria 
 6 6 
S;enegal I I 
lic(6i Inhia 4 4 

1 n iia II 

tellr 


Iltrtu di I
 
Ftlhiopia 8+2 1+1 


lFas A fric'a 

9+3
Ken.a 3 0+2 3+2 
IRWanida;i 
 2 2 
Somalia 7 I 8 
Sudan 6 3 9 

Continued.
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Table 2. conlinzwl 

Region coil nrv IS ISf RSc PI'D App Total 

Southcrn Alrica 

l tcwltho 
Malawl 

ln/a lllhiq uc 
SwvlilaInd 
lala nia 
/l Illbia 

Z/ihlabh c 

I 
3 
2 
I 
5 
8 
5 

I 
3 
3 
I 
5 
8 
5 

India 
Nepal 
.,la a sia 
lakkitll 

l'CoplsC, RC'phliC 
l(China 

RIpllhlic oIl tort 
.ri lanka 
1hkilanld 
I i I'hilippinle, 
Vitniai 

Y\eien IIP)R) 
Yullc (AR 

8 

5 

4 

3+1 
2 
3 
4 

2 
3 

15 

1 
1 

2 
I 
5 

3 

2+6 1+5 

0+1 

26+11 

I 
6 

6 
I 
8+2 
2 
6 
4 

2 
3 

Latin America and the Caribbean 

Mexico 
Nica ralgua 
Triidad 

3 
2 

1+1 

0+1 

4+1 
2 
0+1 

Others 

Austialia 

Federal Republic 
('I Gierlany 

.apan 
lhe Netherlands 

UK 
U1SA 

I 

1+3 
0+1 
2 
0+1 
1+1 

I2 

0+1 

I 
1+1 

I 

3+1 
I 
0+1 

2+4 
0+2 
5+1 
2+1 
2+3 

l otal 124+3 34t I 10+15 5+11 5+2 178+32 

1. IS: Il-service Trainees, ISF In-service Fellows, 
RSc = Research Scholars, I)FJ = Postdoctoral Fellows. App 

2. Number continuing into 98. 
- Apprentices. 
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International, regional. and national training training OpportuNpitIC, included research skill 
activities involved more than 692 SAT national devehopneiit, research station management, 
scientists, technicians, and students from 59 thesis research, fiheld study programs, field days,
countries in over 947 man-\\ccks of trinsferrine travcllinu and tiaini xiksomps atseruiars, ;iul 

rCearch tcchnologv (lahlc,, 3 and 4). Thcii I(RIll(ucltr alld timr ic:iHIOms.
 

Table 3. lnternational, regiomal, and national workshop/training aclikities, 1987.1 

\t fI\II\ ( S 1I I c Ilt ,h11) 1 t InIII I'a IIicirpan , 1L1lll1Ltf c di.TL, NUll 
I] IP , JI,I I\ ,l I op I (*i i r I 00 ~ 'Ht2t II I I I cllhII! N jc 11 Il ll d ',, . 1111u I ,1. 1[Wp 

,,".,, IIf I d Illfc'dl I tII'll a ,,tL tIIrI 1'11! . ( d1 (" '11 1)'l1Lt'. Ih h(I a . 

h I,'-, \I \1II), I RI I II S) N Iah 'IL!,:d I . l N~la S 

SheeILf~l nfhitl. I'N I S.\. /uime. 

I II i 'll) ( hi,.A L.;t, pl.LtMOlp al, tIIld India In C'hina, Itlit a. Ntl ti,~

!r,,utldnlJ[ ptt~h ]lI.L').
.', UI',C X1OI '..CJAi'lall. hit pl', 

i l l RN\ I S ri l a lka, l unls~a 

I c)-II \I'il I .I III 'HI mCl ell ttis Zim babwe 16 lt,tll . Itllt lili, I Csmilo. 
i, \1 mliiV t( I( ..\ I, M\l;f I i, u/ tl, INItm/amija,
 

ft fkf \I I 
 Zamtmhtll /ina./i hal; 

0 1 l ( h , i ,.'.t. micltitt India 40 Ftli,.tpia, Indi.. Nepal. Pakistan
 
II f f' \ I . ini 'suit. l',ki',stam
 

Ielh. I'i,.t ,ntJ ,lm illd tIt Malawi, 22 Malawi, \Io/;a. bmhque, S\vailand,
 
1),11 ptow' illm ,t[In, t)Ir Zambia, lan/altia, zt ltiIiii,zillhahwc
 
I( P'11, \ I. ( I(['s.\ N il\f ij Ziinbalme
 

if) NIa-l-k \pf Ic Imttiilitms ttilnllt g Zimbab\\c I.'sotho, N la,m, /att bia, /itnbabwe 
l, \M( P' IR S I . I'RISA I) 

.2m-.2) Nita Niilet ItiIIItttlt , limbabmei, 6 Itttsl,m. i ;umiat/:t1mhia. zittuhalbtxe 

.M'-i \i,il S,'Imi w,-,mtmrmpe itll Zamhia 19 Mal:mi, NlhaIathiqtct. Sa,/ilamd.
,..,'k ,,h,,p' i t ( WRIS.\ I. Zim blabwe Iaim,atti;. zillihahv, 
IN I S()R I!I 

-\,I mcili IA teng 
Ii tfhdellg itit Libittfiil jt thailand, tS,\ 

. Nm-" I ll ; m:1l India 22 Ausitrallia, tmdLM,N gtl, Sri lanka, 
iitkt tii 


it RIS..N
II \ \ 1.Iii 

30 Nill-.3 Apl. Ih i,-tild tmlm (ituatemala 10 (osa Rica, LI Sasadni, 
mcetie (d 'i (NI., ((TN (hmatnala, Imduras, Nicaragua,1,AlA. 
IN ISORNII., (RI.,\ I Meexico, Pana ma 

('oad.. 
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Table 3 (wit mwl 

.\ctI\l(\ {I,[pon rI lcl;dc lr,}l ) Location l -rticiaint. (f'itsonlriesreprescnted 

.- 5 Iltn. I'iw ioc ",iCrttt Kcryai 310 thiopia, Kenya, NIalmi, 
ncLt'11 I(I( 1 .\ I ) 	 Nigeria, la nafia. /inlba ,,kc 

; i' t t''.r!m 11'l.1d+ t% 	 ,45 Botswa';na, India, N~ lli" " India M i~lli. 
fl(I IN\I Pakistan 

1- '.,- 5,h,," ciirc otf ,,ed Kenya 51 1otssina, limrtnIi. I Inopia, Kenya,
 
itiiitiiti (I \RSA,,I. I(RIS., I lesotho, NMla\\i. R, itada,
 
. .\l )( ( . IN\ ( )R.II. I.A\(), I('1IP . Somalia, Sudall. Ilarina,
 
("~\1 , ' I I l ';tll I tt th .'lezilt-, 	 g il l+l ll b~l ill * \,.
iiIC11p)ci 	 11hi,/ x'i;ii Irddi an 	 ,A m 

..- 2-I s- .\tIIIIIl tctIl l pearl Senegal 40 1(ehin. lilkiit , aso, ( lte d' l\oirc, 
111 _. i11'11,I \t..li. t I tp (itinea, (ilian t. Mai, Niger, Nigeria, 
Il .k,\ .St I( + Senegal 

.2.-2-ict, l OU th jtnotlt \,.rksho. Zimbabwe 47 Angola, IBti,,ntim, Lesotho, 
11r1Cnghtit, )I ti tlt.ii .\tric;t Malawi, Nho, nhique, S ,a,/iland, 

'in! ll-t.. k (.S\l )(t I(RIS,I) Ian/ania, zmihja, Zimbahabwe 

31 Scp-3 I),i. I hird soghum Burkina II 	 Ienin, Burkina Faso. (ameroton, 
ltio ittfritiL totir ( \\('AS (N) Iasto 	 C'had, ('itc dltwie, I le (ambia, 

(ihana, Niger. Nigeria, 
Senegal, I ogo, Mali 

5-1IS ().t. I rmin vworkshop on Burkina 12 Ilurkina Faso, ( aiwoolt, 
.Slro,, control tild ,creCning Faso The Garmbia, (ihana, Kenya, 
I(RISA I. IRA I, Sudan, I'SA) 	 Mali, Niger, Nigeria. Sudan, 

logo, U ganda 

1'-201 Ni,, litci atii nl iork- India 35 Burkina Faiso, (ameroon, Hl Salvador, 
Iiop Ml t, ', VIthut tc-' botet', France, India, Kenva, Nigeria, 
l( RISA It Somalia, Sudan. UK, USA , Zimbabwe. 

ltcilc h el list o1 kttI hi I I I t lIIIt ,. iit t i o kshtops and .c lteeiltecs held it or sponsored h\ ICR ISA I. Only those 
Ci (1it iidiit iclIu I tlilionlg coittlntat ire tsted. 
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Fable 4. In-country training activities, 1987. 

Location Actiit .pi)nor, leadership) Palrticipants Countries Or groups 

pItttLif' :rlt 
coluntiics 

, i)ilc rel.Islallcc +crcctling 
techniquie.. ()11-th -.ob tlainlln. 
(SAI)(' (RI, ISA II 

17 lotswvana, lesotho, MNalawi. 
Moiamlhbique, SVa/iland, 
'lar/.lnia,Zambia, Zimbabwe 

IRkti Ita. 
I:tlioh)pia 

Ilitin ill Sc erirng techiriques 
hoit sOr l etC,,)t jill(I otlkiortv 

mildew' Itsistuc, (S\"; RA), ICRI';A') 

2 
3 

Technicians 

Scientists aid technicians 

India 5-7 A\pI. (oirIIreu-lrMiSe-d training 
program fr \.,\ L.\ ,I) AI C otlicials 
0I1) r'IIT MCC' Chllttlic l/altioll 

10 )evelopmcnt ollicers and 
managers from NAIBARD/AFC 

(ICRISA I ) 

India Il-15 May. ( IrluoiirII It production 
teclrloloi5 coitr,, ( I( lS.\ I ) 

35 Department of Agriculture 
scientists (0 states) 

Ihailand 31 Aug-3 Sep. \Vorkhop on m11allage-
merit of l.tilll pt,s A\IAR, Afl N 
IWR IS.A I 

12 Legumes scientists/ 
technicians 

Indornesia 7-10 Sep. Works hop urn management of 
legunie pcst, A .\A RA, I N ICR ISAT) 

12 Legumes scientists/ 
technicians 

Mali 15-17 Sep. Intrercropping systems 
workshop (IOR, I'R ISA ) 

50 Scientists and extension 
staff 

India 11-15 (Oct. II.brd pigcornpua 
traiining course (l(' ISA I 

12 lniversity, ICAR, niadonal 
seed corpotations and private 
seed companIY scientists 

Zimbabwe I)cc 87. PINict]ci fricd 'Xl)priecc 
ill solghtit brcc:ii.., millet breeding, 
agroll niv, ptatholog, aind clltomlogy 
(SAI)(C ICRISA I) 

9 Universitv students 
(3 months) 

hi-service Trraining Programns biucte, Nicaragua, Niger, Rwanda, and Sudan. 
at ICRISA'T Center The course stressed the acquisition of a scientific 

VOcabrulary with speaking, reading, and writing
An intensive 8-wcek lnitilish cmursc was con- skill development. 
d ueledI by ()snlaritltiversity, Ilyderabad lfor During the (i-month rainy season program, 89 
32 tcchniciats ;nd scientists from Benin, 1tt- trainees planned, conducted, and summarized 
rttdi, (had, the lPe upl's Republic of China, 212 experitents, trials or demonstrations for 
(uinca, Malt, Manturtia, MeXico, Mozatn- thcir individual studies (Table 5 and 6). 
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pearlIIST,W IIn42flt' o 44,, millt, H R(ISA I Ole)Ir, 198X7. 

I l)jd 4 1 5 
1 lll c 23 6 5 135 

\\it CC L.-] IO,0 2 1 4 
Plint 01-11xII\ Ii1 5 1 18 

S'Mnll tILOC 2 1 3 
R111l/i&1imI llik 22 
P;i114)oL\ 3 3 11 17 
lit iu l ulo 9 2 11 
Slc lcIl )pJ)) ug 26 26 

> t 11Ji llods 2 2 
( irtmn II.Iilt\ 3 1 4 
I'l'txii 1klg 2 2 
luttiti~alutim rial's 11 4 6 2 23 
kilJclmraxrtiunl I 

'3 liics 
Populatioun CYCIC, 
(.ruing~blocks 8 8 

1 oal 94 24 59 9 26 212 
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Table 6. Practical in-service training activities guid(Ied by program scientists, ('RISAT ('enter, Jun-
Oct, 1987. 

I)isciplinC 

(Icnetic RCS0hIj+'uCo
 
ll ,


.' o i 

l a timilet 

l'ig .etnpCi ii 

1h~otltdt e2 

Ph.\ siolog'.% 


Pat ht
Ilo .N 
.Alro,1( lcLstancc screening 
1 i tmoltgu 
leintge 

(11am q talitY 

Pealtl millet
lh ,itio
.o 

lpath lop 


l'reeding 

I c.tt.'unl,
 

,\11onnOll\2
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Table 6. nonthrlued. 

Participants and lengtih t0,study 

)iscipline I week 2 weeks 3 %%ccks 6 weeks 

Soil fcltilitv 25 3 
S'oiI j-h1 ics rtildcOIserx'irAiit 8 
WCd science 6 

(icncrial 

L'.pcriirmei l statistics 20 
Micl pCuclC'tprc 26uses 
Plant prtcctionr 24 
I'lint L riUMniii IM C 
Rcclrcli shtation Itli.ragenlent 12 
Sccliolohp iliIsleI 3 

* 	 wentv ix participatts worked on cereals breeding, pathology, virology, entomology. 
ilVprovemcilt with refrcence to plant breed- physiology, CxpCrimeltl design, data inter
ip. palthohon', ct:vIlrt lohgy,physiology, grain pretalion and data presentation. 

LLNalitv, cxlcitir.:rtal 'hsien, data iliterpieta- a 'lIwCnty eight participants studied crop pro
ti,. arid data preseitttioul, ductioi with emphasis on agronomy for in

part iipalrtssttdied legulites improve-* 	 Iif.tcele creased yield, plant nutrition, weed manage
'ttertt with spceial skill dcvelprment in plant mcnt, experimental design, data handling, 

In-service trainees preparing a plot for a sowing experiment, ICRISAT ('enter, 1987. 

'L 
 I -

-I''i 

A'A 

.-	 A
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I n-service R egional anid National 
Acti ','it ies 
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j, 40j 

lri-service felJtms (i it ivgt~iiuc 1jiI1iu,1o~pt.(njrsc I( Ce( ntel 1987. 

Ptlt i 1 I hi i 1 ii S ;11o~it- I L11liiIlldt] ((lil l clli st . t'fro 0Nt at W1pa~lti (Jlem oIS
 

tI 1:1 k St I I ii I i)LTtil it 1-t "t Nk c; re ;iX nr un Iea li /C
til le III IIIt I4 I.IC 11 Ui II ttpL' ic cit Ii 


tS -i ld oii I l e ; . c1 1 ; 1 11 ; C t N i o i twii cit m e h w
rditlld l i Ch i l l i t l ilti l 1 1 l
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A Sudanese entomologist completed a 9-weekTable 8. in-service fellow research progarns, ASuaeentrogs cmleda9wkICRISAT ('enter, 1987. 	 study on sorghum stem borer and other insect
screening techniques that could be utilized to 

Prograi No. of identify insect-resistant varieties by the Sudan 
Disciplinc (otlotY wecks sorghum inprovenent program. 

A research fellow from Mexico, guided byagroclimatologists, coipleted a 6-month study 
Sorghtll 	 on the identification of climatic zones suitable 

for the introduction of new varieties or croppingPathology lhe Philippines 6 systems for improved food production.
lHredio~g lhe Philippines 3 

Ph 'iology sudan 8
 
1:1t~oiololIb Sdan 9 Postdoctoral Fellowships
 

Sorgh um land
 
Millet HIre,,ling Mexico 5 Cereals Program
 

L.eg ,me. During a 2-year internship, a physiologist from 

:io',odntt the U K completed invesiigations on the relation
ship of the duration of the vegetative period and 

Pat h,,gy People's Republic the phenotype in pearl millet. 
Virr 'sy of C1hina 7 An intern froi thc LISA completed a year'sI' ytoe,:oetics Republic of Korea

P'hvsi tiogs RpuiI Ko 
7 
7 study in pearl millet breeding to identify the

'a! holo,,y Sri I nkU 4 utility of male sterile lines selected from diverse 
Pat htZh'V Sri .anlka 3 cytoplasms. 
Pa!lholo _% Sri Ianka 4 
['atholo ., :o;tdao I 

ILegumes Program 
ResOUrct 
Management A 2-year study by an Indian research fellow con

,A/roclintohgy' Mexico 18 centrated on the inheritance pattern of dry root rot and fusarium wilt resistance in chickpea. 

Resource Management Program 
3-veek course under the guidance of the Legumes 
Program staff. A postdoctoral fellow from Chad completed one 

In programs lasting I to 8 weeks, scientists year's study on the influence of sorghum plant 
from tie People's Republic of China, Republic density on water-use efficiency and yield. 
of Korc'u. S1: ILanka, and ;udan studliud ground
uut pathoge, c:iitification, detection and screen
ing techniqucs, croduction physioljgy, or cyto- Research Scholarships 
genetics in the iC RI SAI laboratories. 

Plant breeders from Mexico and The Philip- legumes Program 
pines studied sorghumin an(l millet breeding meth
odologies for 5- and 3-week periods. An Ethiopian PhD student at the Andhra Pra-

A pathologist from The Philippines spent 3 desh Agricultural University (APAU) completed 
months studying several sorghum diseases and a thesis on the relationships among the F2 to F6 
completing the associated library research. 	 generations and the effect of spacing and selec
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ruwartci scihlr from n tia (righl) VuI(ihI1 ui~~~e H"r dmrp pnddlln i( IS A J (i n~ N~rPQNMP" X7. 

Ol 11, Ow o pui Imdlc in INe F, pcncvi 1 ctcrr linlts and( II11Jliicatiom lNO Regionld 
linin chick pea. \ariat ion inl the Sjrctland ( ciline off ),ffnsionl
*\nt Indianl P11i) Iliderit Ilin th1c Ilat\ania that coniceniltratd on 11he ;doption of iniprocd 

:\niiciltiliI I lli itv e iiijdeieil a eit 'tmid cerl~ t'ultjili\ ill Inldia 
()Ilth11 %H;lhiljt%Ini the~hiC[,pA lhhii'ht Iiioith11- Au \ NSc tieit mid \lo./aiuihit Iiit stiidyii, 
iii-l AoL%)1 i i ,0-1. atl the( APA[I eilpete- IOn'tr-sisrearch o)t

N Iidiiin PI'] I iudclli ii1 h1w\P \ corn- the effect' (dWfNee novlg c nld plililndatl: 
lctd hi. thi 'lieh eopiiiiu (1 IanZd fIMropoiOH,., in IkeiiiiiC eciaf ititeiciop. 

hA:!; ii ipol () ',Iw('I hlln, \%itt\R (' Cid lot Ml \I 1 L th(-ie.,i lla APAI 
A Il ),. mi IIi in Ih lviiR cepuhhie ot C.'Ilplete-d hK diit i olit Solniailia on thec 

(iiiai ihi'e/cd ii tlil-N 1clateil Io Ot I~l\tedtNai tiaii ni i 

A 'tildeitt hm NoitiiIih i tc Jimi~e
Resorce\I taguncul st> S eiipltcdthe data I;ix INor his~Hiraru 


Re~orceMalagemlilProramPhl) 
 t~w'jk )it markete-d siuplii' Cronsehold 
A\ )ruch 'tuijeit fin., orincll I'ilivetsity, I'SA\ iML-iutofijts. ~iith prficeC,ex etItCii i n l the ScItli
ttljiCttiICiUile h trIn a iIrI theCSiS Cittitled arid tropic) of Inidia. 
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Research Scholar Regional and 
National Activities 

I(RISAT Sahelian (enter 

Stall at the ISC' guided scvcrtl MSc and PhI) 
studcnts on research projects in different 
v rograms. 

Two students from BLerin and Niger produned 
rescarch papers on yicld losses ,Itc to infestati(;n 
of (oflicsta (,.ILWiflA) 04,'ilsaIis effect of soil 
fertility on crop cstanhlislhclt in peairl millet and 
influcncc of sowvine date ol the incidence of 
dow ln mildew, 

In the Resource .lam!cnilelt Prograim, a stl- 
dcnlt from I'Institut pratiqltc dc devclopement 
rural !IP1 )Rt,Niger studied soil management 

practices for raimifed agrict!tuic., 
A student from thel nis Crsit' lofNiamcy lstud-

ed soil analysis prcedultrs. 

A Nigericn student pursuing her MSc d-gree 
in France at the Centre national d'etudes agro
noniques dc regions chaudes, Montpellier, corn
pleted a study on animal traction. 

One Nigerien st udcnt pursuing her Phi) at the 
University of ILouvain. Bhlgium studied forage 
legutmcs associated with peu:rl millet. 

Two l)utCII sttdents; pursuing M,Sc degrees at 
Wagcningen UJniversityt, Ilhe Netherlands, stud
jeid aninal traction and the efcfcts of weed infes
tation on crop production. 

lhrec 111f) studlents from IJUiversity of I-o
hcnhcim, Federal Republic of (icima y, worked 
on plant nutrition, soil characterization, and 
animIlal traction. 

Another pill) student Irom the University of 
1-olcnhiem, Federal Republicol Ciermany, con

dLuCted thesis research on the phosphorus and 
IllicronitrietIll componCnts of grolindnlt 11t1
trtion. 

A short-term apprentice from the Government of India's NBIFGR attending a course, ICRISAT Center, 1987. 

(R 
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Students from the University of Niamey were 
supervised on degree research projects related to 
seed and seedling disease and techniques for 
diagnosis of diseases of groundnut. 

Mali 

Students from the Agricultural College. Kati
bougou, Mali were guided by ICRISAT scien
tists on field studies dealing \,,ii a sorghum and 
groundnut inMercroppinu :stein, sorghum pro
duction agronomy. and the adaptability of im
proved millet cultivars. 

Burkina Faso 

Diploma students from the University de Oua
gadouga, conducted iesearch on techniques to
control St!-;i,,, arid insects :.ittac, inu the sorghum 

pani'le. They 'dso in .'esriated the effects of a ,uonic managemer (itn the yield of ir:.proved 

and L 'iCarl millet varieties. 

Apprentice Activities 

At ICRISAT Center, Powering events of selected 
lines of pearl millet in relation to ergot develop
ment were studied by a first-degree student from 
The Netherlands. A British first-degree student 
at Oxford University investigated the control 
and ecology of termites in groundnuts and tech
niques for evaluating the chemical basis of host
plant resistance to insects. An apprentice from 
The Netherlands completed a study program on 
ways of estimating sorghum yield in response to 
weather and soil fertility. 
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RESEARCH SUPPORT ACTIVITIES
 

Farm Development
and Operations 

terims of 
farill opcatioIS Midlprccisin of application are 
c.,stlli altoo 

d\dcquatc rcscaircli .,ppm(11rt inI nalit.V of' 

lillt Ciitei llii ll.rrcliach l Ic-
scalch dat. 

I hIarirII el ,c o)pIIc!It aItid ()pcratlhn u"i u1t 

sorghnr seed of' S,, 35 1 ad a cover crop of 
m. Land Improvemens were made at thle 

(walior cooperative research station. 
I[he unit constructed causeways, culv\erts, and 

a new 3.5-km road and fencc on the southern 
botlndalry of the fairm. Wc replaccJ 4.35-km 
halbcd-wirc fencU withI1nW scCnIc chainlink 
feiciting. 

new prcci,1iuu-spacc VaciltimI planiter was(I )) at IRISA I (rrteti dclhop.s and Iillill-fabricated to, sow Iirotrndttit atid chickpea at
tains laid and v,,ttcr rsocs,., umdetakcs larll 
w)ea't iis,. tardpro' ide., ,Ippo) i h)1ield xper-
imCntation. I lic OWiuLalit\ 
(o CXpuiw 1knitatiol wili prfcision Otltipitt 
and tirclx. mupet loi -.\\oell [falllr [tracti-

mnit airil's to ipro111 t, 

:Ilpt 

ces tlhat ilpiove iril 2mtlilr L1)fp;11(Iletivit)v 
h! l killdt;t t pi nlll],~[ )t C I[C. [il'ccS.
 

:'r ItSN7, i scemtin suly mit w\i;s plo 'ided to alltl l arid ,,- p~t c s. S erce ini s ec x, t rv ices,w er e 
pro'm idcd Ifo aid prepaat it,. swlin,, cltiv,-
li allid havcstiiuy, insect , disease, and weed 
c rri elill i rlr . aid jirlp-n il,t aid seed 

Iii iiii,, d'ari- ,aLe]Ill arttidt'2 'I'.
lel h ies-

ioails. drairrs. aidl farm strictulres were irrairt1-
tainred. lic unit also ri1mairlaicd arid .dscapcd 
tIrl I'R ISA' (eter tol llds. 

I)iiI the v.,13 Ilaof ImOlyiis red saline 
Iandt \.,aseCCltiIIicd alld u.., mil produc-

,
tiotm. Part of the laid \w, used tc, produce 

0)-Cln ro\ spacing. A digger was modified to 
iicchatii/c grollildlitit harvcstilg aid a plot 

comlbilC wIs aISSCmlbled an(1 stcCCssf'tilly nsed 
rn ' li lpea h arivest. 
Fiftcir iftese rvw cardidrtcS \,crc trained iII 

c.[n1iiipcriment station lillargcinclnif ard pest ilr.rn-

Table 2. Tolal area hand weeded, ICRISAT 
('enter, 1987. 

Are;. N . of MaN days Cost ha-I 

lCrop (ha) lalldays hia (Rs) 

-_______________ 

Sorighim 
 54.46 2265 42 624.00 
Pearl Millet 69.60 3596 52 780.00 
Chickrik'a 
 05.51 2023 31 463.00
 
'igconpti, 53.14 81
4286 1209.00 

(ronridnut 87.72 6041 69 1035.00 

Table 1. Area irrigated and volume of water used, ICRISAT Center, 1987. 

AltfisolI VerrI FI Volume of water used ('000 111")
Cro1p IIa) (h) (Ira) Aifisols Vertisols Total 
Sorghim 22.o) 46.0 68.0 135.0 39.9 174.9
Pearl Millet 69.0 0.5 69.5 160.0 3.5 163.5Chickpea 1.7 26.0 27.7 4.0 56.0 60.0Pigeoripea 12.0 30.0 42.0 27.5 87.5 115.0Groundnti 69.0 3.5 72.5 270.0 8.4 278.4 
Total 173.7 133.0 306.7 596.5 193.5 791.8 
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7t 

.4 N! 

A 4-rim , 00(-cm i) recision-sp:iced gromhi Ilrtr de cIo)edut(IIit/cIlick)pea pjan hi (1, I(SAI). I O, ('rt lr, 1987. 

kp lott' li h illei vmcri hadlaii' I( lI0lD ( tnic,	 O,<\ilc cRil.p eIi. 

,oi1 ksI p CO it tILctC bv he CtII C s ()II-fI)S01 
Ic".I itI I it I IHF I il)I FN) by ctI uritg and 

Cdet Istrat ire, on( cHiritltC, f'0r grotindiut till-

Plant Quarantine 

The 	 Plant Quaratiinc IUnit continued to liaisc 

xcp ' *llitiOCe Staitioni ol theieigoi lrilt tjItiS .ai hrca Plntl Gentic 
++~~~~-H4 ' . . I'( R) of thle Ind ian C 

Ntal BII 0f i Resources 
: N (Loun161 of' Agricuiltutratl 

YT 4" - . a r ie7 .1 "R l e s e a c r h ( W(A R ) , l t V d Crab a d il fth e r le a s eo f , 
., . . ; . , , , + . , + m l o t c d s c d i l a tc rI,i t Ial n d f'o rItc t in g IC R IS A IF 

.; :" I' 'r ' {;l "i, iilndatc crop scmc's prior to/ C;,!ort. The Ulnit 

assisted the NtBl( ilR qtlaiantint stall to 
,xalnrinc plants grown in the Post-I'ntry Qua
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rantine Isolation Area 	 (PEQlA) at ICRISAT plcof Strigaasiatica,785 samp1les of plant mate-
Center. The emphasis during both import and rial, and 243 units of rh iobial and mycorrhizal
export was on providing healthy, discase-free cuIltuires tocooperators.aind scient.ists in97coun
germplasm to scientists for the advancement of tries ('Iable 3). The material included germplasm
crop research, accessions from the ICRiSAT gene bank, inter

national trials and nurscries [or multilocational 
testing, an(1 samples used in laboratory studies 
on food and fodder quality, and biochemical, 
pesticide, mycotoxin, and brewing analyses.

Pilant Material Exports 

l)uring 1987 we exported 54 953 seed samples of 
I'RISAT mandate crops, minor millets, and 
such other crops as maize, teosinte (Euchlaena 
1nc.\icana). and Lcucacna Ieucocephala,a sam-

Plant Material Imports 

The quarantine division of the N ,PGR released 
Plant Quarantiine staff pack seeds for export, ICRI[ 3280 seed and plant samples of our mandatecrops and minor millest, 	received from 21 coun-SAT ('ener, 1987. tries (Table 4). While 	 2614 seed samples of 

. ,q;.
j; > 1 <, 	 cercals and pulses wcrc released for postentiN 
growott after thorough examination and chin' t"... 	 ical treatmcrit, 666 sorglimn and pigeonpea seed 
samples were released aher physical inspection
for biochemical aid food quality analyses. 
Grotr rdnt seeds were 	 tested by the enizvne

' in ked i run iosoribent assay (1LISA) techniqtefor peanut stripe virus, before being raised for 6
weeks in t insect-proof screenhouse prior to 

their release. 

Post-Entry Quarantine Isolation Area 
(PEQIA) 

S 'N "' To prevent the escape and spread of any plant 
pests and pathogens, all plant-propagating ma
terials released by Ow N 1llPG R are grown for one 
se asorn in the l)FEQlA. This year, 3533 samples of

I )our mandate crops an( minor rnillets were 
grown, and inspected regularly throughout their 
growing period by NBIIGR plant quarantine
personnel. Healthy plants wero harvested and 
their seeds released to ICRISAT scientists. 
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'Table 3. Seed material exports of I('RISAT mandate crops, 1987. 

lPea II NIinor 
('ounilt r SoI lIiII millet Chickpea Pigeonpea (;ronIndntl millets Others 

AI RI("A 
Algeria 138 
Ielinl 14 24 68 26 
Hlot, alna 125 2 5 24 
Fhorkina Faso 2706 74 12 
BrtIundi 64 86 
( 'aiieroon 297 87() 23 
(ape Vctdc Islands I 
Chad 38 104 20 
('tC dP Ivoire 144 
[gyp t 10 183 58 
[thiopia 49 2 i84 6 
(jamobia 3 56 8 13 

;Iha na 43 4 183 
Guinea 88 60 5 116 
Kcnia 2328 144 1000 157 
libcria 4 19 34 
1.ih'ya 120 
Malawi 12 616 
Mall 704 17 10 7 
I au rita nia 35 

NI orocco 138 
N1 o/a III biq tic 72 
Niger 84 1151 3 1048 
Republic o South Africa 21 39 
Rwa nda 408 6 
.Senegal 54 I 
Somalia 720 2 176 
Sudan 85 3 161 6 116 200 
Swa/iland 14 6 
lan alnia 23 
' ogo 72 10 
Iltliisia 138 
Uganda 384 554 361 
Zairc 2542 935 22 
Za inbia 605 342 63 20 
Zimbabwe 2654 1416 4 71 26 6 

ASIA 

Afghanistan 14 
la ngladesh 838 40 
Bhutan 10 4 17 
Burna 321 21 325 230 159 
Indonesia 20 134 6593 
Ira It 298 29 4 
Iraq 58 
Israel 50 8 
Japa n 15 24 7 10 
Korea 196 40 42 311 192 
Kuwait 3 1 
Nepal 998 486 156 
Pakistan 1377 625 1177 71 23 
People's ReIpublic of China 446 24 63 32 35 

Continued 
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Table 3. ('ontiltdcl. 

Countrv Sorghum 
Pearl 
millet ('hickpca IPigeonpea Grouhndut 

Minor 
millets Others 

Qatar 
Saudi Arabia 
Sri lanka 
Syria 
Iaian 
Ihailartd 
lhe Ihilippines 

Vict ham 
Yemet (AR) 
Yemeni(PI)R) 

200 

74 

411 
857 

95 
114 
35 

30) 

It 

2 
44 
4 

296 
65 

320 
296 
138 

200 

17 
496 
138 

4 

176 
3 

129 
161 
79 

20 

50 

2 

1Ill AMFRICAS 

Argentina 
IHLahad os 
Beli/C 
Bioliia 
Ilrauil 
('a;tlad 
Chile 
( uba 
)ominican Republic 

II Salvador 
(itate alia 
(, yNa 
Ilaiti 
I1ond ura 
Mexico 
Nicaragua 
PC I u 

218 
9 

134 

745 
4 

2 

148 

284 

94 

20 

140 

534 

316 

1 
63 
2 

2 

2 
158 
44 
29 
21 
19 
15 

I 

58 
94 

130 

I'tlerto Rico I 
Irinidad 94 I 

Ctucla 
325 

8 
231 152 47 

16 
94 

I-I R I11 
A uistria 
Ielgium 
l)enmark 
I-Edcral Republic of Germany
Fra nce 
1tu tuga ry 

Italy 
R o1:ania 
Spain 
1lhe Netherlands 
1turkev 
UK 
uSSR 

7 
4 

250 
15 

361 

2 

236 
41 

26 

2 

21 

16 

14 
253 

7 

146 
156 
14 

1 
30 

20 

2 

1 

4 
7 

123 

49 

447 

20 

4 

1 

AIS I AAIASIA 
Australia 
Fiji 
Solonon Islands 

182 171 22 116 
7 
15 

107 

93 
Total 20737 6503 10686 4479 II 760 955 19 
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Table 4. Seed material imports of ICRISAT mandate crops, 1987. 

(olntir.N Sorghun Pearl millet 

A FR W A 

Burkila :aso 12 
lthiopia 4 
Kenu 
Mlali 
IloccO 

Niger 123 
So malia 249 
,suda~ll 

l n,/ania 269 339 
Zambia 
Zinihahwc 644 135 

ASIA 

Pakistan 

I I 1" AM IRI('AS 

Hclizc 
thla/il 
Mexico 222 
t''A 49 48 

Ihr',ce 6 
(h;rce 
Ial 82 
t:K 3 

At('jS I RAIASIA 

A u st ralia 40 

Iotal 1492 846 

Statistics Unit 

[Ihe statistics 111 1-CndCrs consultancy sericCs 
to I(RISAI st:aiffand scientists f'om11 collahora-
ti\c projccts at \arioulst agcs of their research. 
from plaingii CXii!lUxeimCnts to analyzing thedata 
and drawing inflernccs. \Vc also lecture trainees 

11design and analysis of Cperimnls, statistical 
methods, and biometrical genetics, and help 

Chickpca Pigeonpea Groundnut Minor millets 

113 

45 
112
 

122
 

61 

10 

18 
3 

501 

16 
12 35 

6 

132 136 668 6 

them prepare their project reports. We assist tie 
staff on usage of statistical software. 

During 1987, a trainee from Malawi was 
trained on statistical computing using GIN-
STIAT and SAS packages. Two scholars sought 
otl assistance in completing their MSc disscrta
tions in grolldlllt agrolloll. and one research 
scholar for his Phi) dissertation in chickpea 
breeding. Another research scholar has been 
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Postentry quarantine inspection of imported groundnut gerinplasm, ICRISAT Center, 1987. 

working on the use of auxilliary information in Our consultancies with the staff and collabor
sample surveys for his MhD. ators during 1987 averaged over 82 per month.

We participated in inhouse reviews, planting Based on these consultations, the following pro
plan meetings, and visits to experimental trials, jects were pursued.
and assisted in the preparation of inhouse review 0 A nonlinear model. We developed proceaproceedings. We reviewed the Annual Report, dure to fit a nonlinear model when both tCe
scientific papers for the Editorial Committee variables are subject to errors and applied it.o
and articles for newsletters. pearl millet data.

We processed several large data sets for scien- 0 Effect ofoutliers. We analy2d aseries offi'ld
tists working at other ICRISAT locations. A data on chickpea to detect outliers; and iound
staff member was sent to the Sahelian Center to that eliminating outliers played a remarkable
provide training on statistical software and to role in reducing the error variability.
assist in data processing. We installed a micro- * Stability of intercropping syst( ims. We exam
cumputer version of the GENSTAT package for ined data on intercrop and sole crop systems
several programs and units. of sorghum, pigeonpea, pearl millet, and 



368 IRc.crch~ ia''I.Supprtr iili'A 

rror ridt fr tahi lir anrd risk in prnodutihx-

*Stoicfla'tic iiiiliin rl.W oi 
paledl intocierin sxiiit It 'limdi \ster-in' 

o 'ii tatf eriitti/cIvi i i e dn ihitf l , iii 

a lo flim it tiI 1lli> :(1 1i1i' 

Ill tIllitk ecmixIoirtii itl ictii( I,, i io iidx-

nut ccd~ ilicfeet in hx jj~ flaril ili 

HutIiiiui eCtiiijpiieatt. r'i.istlic "Ciceiillrt2 

tI ,e;itIoW, anld ioeat'orr ,ice lexeMiii 

11t\'cs. C'ie x ithi cit)rrused tt~tl iletfir 

eerixpxit diticreirt lesistaricc sul.cptt-
hiltix\ tre arid it ectiliIIrc thcirelisrihri-
tIiiI (I I i staiit il ,piiii'll and il ri 
1%J)"' itt gl (jildnt. 

\V: lall h) corILHIrni \,trli ii tile SCIIitix ix 01 

It)I tp',It() di rioght tpt~ hyI iic-souireeP\he 
Il ;nklei 11illi! a iritdit' tihlu)\ixuj for: spatial 

i01 !latitill ottrrill uixkwtiiui dfland mexiircc~s 

fiiiiiii/C ri.,k in L-101) j)!()tiiuti aind tilte 

)kliiiil! th .ie mwutl uif recixedxii. niilnim 

ltt~ai/ti ''trctuedsvxtcrin .\rra-tilliliCot 

P,,1 and I )igrr'*iil il a eotirsc or,1i/crr~d h\ (trim-
pitero Minterrairex ('(I[l oration ((M',C)0o India 
it NIadras'. WC par-ticipated in till-cc ;iternla-

iiiettrfrencs and deliviered serinrars and 
im tied le.cturles oil statistical methods .pplicd inl 
a ic clt lire-

(:.mputer !Services 

I 11C ( 01nPuter Sc ice, i fltrOxiteS trrnc-

siarirr toi l(Pi1S.l!:,%e personnel kil a 
\ :\\I I >1,) crrrphrcr-syvster. arld to thle l'iM-I 
SAlI adiniristratioin oni a ViO.-n r :750 ctampri-
ic terri Ir \NoerticV rkqStern istsd onSo 

hI-ti etrnpultcr syste~ln. We deelp interatv 
sesrirs. pox id data-cnry sexiees. install soft? 
%oarepo ek- e iristifi IiCrOCOInpu1ter SofItware. 
iaind pix)ide scirliirars arnd irrdividualizicd. ini-

si etii ei eirnprte stffireribes.uagetoal 

State of' D evdelopnt 

A\ Oiar c' ai% iadc in i 9 7 to iric!caise tire 

lilijiieii"it-d l i iih l! i%\iir loisc I( [Il 

%II 

muripiitc! 1Ctiiiiex ) I it(. 'iipplice il luiiale~iiit
 
, !! XlC ai nici i w , 111l till

nix xed i altlxi 11:1 ilt-i
ilitl 
1oxcitl 5syto-t. I ill pcrm, li d ahc]\ e 

gclitlxx'r ptei,.\ t ti imli hi Iiitttlt 

tirOl !aicitics. I 11C ifi-111 Oo..- ili' \ ill
 

i)eriuIttsinc' 82 xeixi
ItLti tI 
1allo. leaii I 'CrdC\xLopej d ')( 1',1 i t Ci l i o_leilt( 

pimteu xvA HTe perstili ti ithw i intjaniejl 
acCOlitil!P N 's Irhe ItJ -x In jii lerl nrt' 

ternl x,r's rc exSit1 
iii iirpt I m JtiiiIxeird 

11) mar~ke rIse k,! haItch pixo Illi ti-ris 
I lie piil-iicitills tkit itril e*Ila 

Im tintle .iri~ (in itiet, tool ICLestofc ill 

ficatiis. It frioat'd 01". imti,l :Iiti re piihhin
liro 'l(RIS:\ I ill liii liii( i., litl tiid ( 
gerneratc ijialitx rep ij)ts lilt Atr (RSN I hl 

publlicationl su thii Aixn P.cuianitk)iill tal 
trac'. url11 rpiti o Ie. helie c.larch prieetc 
rrarnagretrrt iiiiormafi 'A sc'' "masliipi\ id 

xWith tihe addiilel of a1twirrpentiCl hIat ileor[I(
rate Ii'ts repro! i.r Owhdaltthtisu 

A\ reicl(irk \ka. .t~ihlid 1hetixeerCi thre MOi 
V'AX errrrriarter "osterirs rtiline Fthreirret haird
,areI arMid I ) I ( 't l lleti Hn, 'Ikeit\xi. Ilie 
ntoikl faeiiiled the I wri 'dclixc i of ur 
irr'crrrat~itial C1iex itoil Mail, anld )ieririted ue 
()f tire, researir \'A\-lI 1 7N9 or ;ditruirstrmtixe, 

applic.antir>l di ir ti)ittiisll t tcetriiral 
Ci'\ei iidcd ti nitiiKtocx .oiher . lix 

prrtei Six tcriiiilr easx ee shltoi 
birth \Ml. wxte-ills. Ittt tit tttilfrti were 
added tt tie ireii ti [Irilie, e1l i rilriirrirs 
ot i 11 r i11i idlersM ItM eoritr01A antitie I )lNct 

t MS net xxorkirill Arftxa. imira laserar iddit 

priniter rftrt can he siroi illaireoi'sk cornrcted to 
three erulIJrIpri s ai, purcharused to helpti a 



support the increased demand for laser printing 
services. A 456 Megabyte disk unit was added to 
the VAX-1 1/750 to accommodate the growing 
,torage requirements of the administrative de

i", 	 prtments, and the memory of the VAX-I 1/,780 
was increased to 16 megabytes.

A Rainbow microcomputer was installed in 
the New Delhi office, and. the staff there were 
trained in the use of word processing and spread-
sheet software: modem was installed with the 
microcomputer in order to establish an elcc-
tronic mail link between New Delhi and our 
VAX-I 1/780 computer system. 

Nearly 50 new IBM-compatible microcompu-
ters were purchased by various departmentsdur-
ing the year as additional resources for word 
processing, spreadsheet analysis, and small data-, 
base management. More than 35 additional staff 
menibers were trained in the fundamentals of 
word processing and spreadsheet analysis, and 
24 Directors, Principal Staff, and Division Heads 
were introduced to computers, word processing, 
spreadsheet analysis, and database management,
in a specially, designed 2-day seminar. 

Representatives from Computer; Services at-
tended three DEC user group meetings and two 
conferences. Five staff members atteinded train-
ing Lourses of 1-2 weeks' d"ration in India. One 
staff member attended training courses in the 
USA on teaching the Mass-I I Word Processing 
system and on using the dBASE III Plus data-
base management system. .' 


Acomtuiter audit study was performed by the 
Tat,'Consultancy Services during the first half 
of the year. The recommendations of that study 
were accepted in principle and will help shape 
our activities in the coming year. Many applica
tions will be redesigned to distribute their func-
tions between microcomputers and VAX com-
puters. The approach used will include a'study of 
the feasibility of networking PCs with the VAX 
systems. A MicroVAX 3600 computer system 
will replace the administrative VAX-Il/750. 
Every research group will be provided with PC 
AT-class microcomputers that will run the micro 
versions of statistical packages such as GEN-
STAT and SAS. This should. offloaJ much of 
the statistical analysis from the VAX-I 1/780. 

S 	 "-fl 
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'-":-r ,and Documentation : 

Services 

"Acquisition.......... . .
 

During 1987, we added about 1900 documents to 
our collect;on (Table 5). 
I We cctinued tW assist the ICRISAT Sahelian 

,,	Center (ISC) library with the acquisition, pro
cessing, and transference of- 115 books. The
 
Assistant Librarian from ISC underwent 4 weeks
 
of training at ICRISAT Center in library tech
niques and services including hands-on training
 
in automated library functions and operations.
 

The microcomputer-based seri,4ls data system 
developed during 1986 was used to produce a 
Catalog of Serials 1987 that lists the holdings of 
all serial publications at ICRISAT Center. This 
Catalog was widely distribut-d to institutions 
throughout the SAT. 

Two staff members participated in the first
ever meeting of CGIAR Documente.tion and 
Information Services personnel at;The Centro 
Internacionalde la Papa (CIP),Lima, Peru in 
May 1987. Thrust areas identified at the meeting 
were: support to the development of national 
and regional capacities ti,manage and deliver 
agricultural information, support to Center re
search programs as they move into more stra
tegic and basic resehrch, and greatercooperation 
between infornmaion programs of the IARCs. 
The ICRISAT library was asked to lead a pro
gram to produce a union catalog of serials hold
ings in different;IARCs and began to work on 
this in ,1987. 

Table 5. Status of . acquisitions, ICRISAT 
Library, 1987. 

,during Additions holdingsTotal 
during hldings 

Documents 1987 (Dec 1987)
 
Books and Rcpe.ts 874 22232
 
Bound volumet of periodicals 592 13071
 
Annual Reports 219 1536
 
Reprints, Photocopies, etc.- 58 5851
 
Microforms 24 820
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ICRISAT Subscription,, tothe abstracts join-- lhe 30 institutc-lcvcl pul)lications this wear
nal wyre Provided Iree oliariie to 400 addresses included books, progress reports, information 
in 39 countiies of the S.I. (ovcraec of the and rcscarch bulletins, 7 hull-lcigth workshop
abstracts jiuial will h Cepai.cd with 'lptit proceedings andI4 sIInolarV poecedinds. II

fRom I(R ISA,. !m o new aibratrct i %,iccs, one is'nies of vriou,,n,.ksloters. All thcse were pub
oin chickpl;i aid pli ,icpun. ind alnother uol lishtcf in-house, and thle majorityvre printed at
loiwdIllit, Mu to he pmtlc'vd ml I(XS ill (R ISAl ('enter. l\wn issues if Nouvciles 

c llahol itio'l,,it C - I1. AC( R ISAI "ere piibi'hhed and distrilbuted from 
Ihe ICR ISA I Saliliii (,nter. A special pitblil'rainin,. A scir dcuilntalilst ,s deputed cation,"''ICR ISA lill West Africa"l.'I('RISA I 

to the icultiil lnoliatiou Bank fu Asia en AfriLIuiC OccidCttlC) v,%,, pUhlishCd fo0r
the
 
..\L13A . I'hilippincs, l ir (i!.,tinune in IS(C at I(RISA I ('L-itli.

RI; l:l hodolou.eis. I h1cilainiiu insh helped Iniorilnation r'Vicc lsa piu ides tie SCcre
iii loU,: ih, i I (I iipiui to \6(NIS. tariatI t\ ii11i to tile P~ditorial ('oiitlittCC, wlich oper

ate2s alninternal pccr-rcic s\sIciI or nmmiu
scripts anthored hv Institute scicitists for the 
international ScintiliC press, )uriiic IL),7. theIIIlO)"kllt.i0n ViCeS[h S lWdit orial ('onmittce ippros cd 172 papers be 
I(RISA'I ,tfl !or .t n t,l lliinl i lliials, Cull-lu',t~i>Ii, n >'eiice, icrpotlihilc for the pbl)- frCice prttet'd i ntf 


iheatlion Xl di 'iHIIHAi:i1iiii 

iu,for puiblicatitn is inisti

o'if( l ritionl ibout tiite scrials. Sits ftu[r jouirnal articles aiit
(IW' \I 's scieltists ind policv- ,:otfercic p, futs, 

09 
prVitOusly aplFOrtVd bh'tile

nl kii1,, \4'il[o ctintili i ,,ta ie intrCna- (Comfmittcc \\C published . () these, 4-1 vere 
tlolnitic.
i t li c nn i ti , adl totnai ti ll 
 etdited !+,'Iiu ltnoltiOl cc.; stall dIiriti tileSC 

ii ri 1i.tCA.ix in-ca. ii iaM ioi i c p idL.ts re\iw prhLcess. I lisC title- art' listetI at tile end ,
,ttPPM ft I\ is,- illIs '1 INC the [tlcplia- of tie t'c lieri l stections of . Reportthiu and
 
11imn o: !I tldaiic IIiit' ,lph 1.;, l ir pos- rCptitS tail he Obtainte Onl ietluest froii tlite 
!i'[,, nl "ic,. It providcs a relevant Progtram OfTices.plitaaiph'. i 

Itcch-lIi;iU-, trun-,ait, slrixc to aduInit-
 [he [dituorial (Comttittee complttcd a 4-Near 
ii:iitt\c nd "ciclitilic stal. prOjC'l Oi JtC com)HitCri/,itiotn an t(.Ires1toration
I)i',csninaliC)t 01ifreclAIc h l inln.s
and insti- oI itsarchiscs. A ctmplet cunuilatisecatailoogof


ku -IclitLid inli[nnation 
 'ac.C iplished in a )blicatiols sinCe the inception of thc Institute,

*.att of Apait It
ass iiibri tii, out Itisti- "I('RISAl in Print', was brought olt o the

-lc (l ,lictitls. uttiontitni pJli lrfornui Sets ices Institute'.,, 15th ainiicrsars. Ihe CataTg lists[ilhliiCit's i'nutiit c lus cilmits IIlotiutt lews 1450 t'triCs that werC CateL'ori/ed and indet'd
 
telcascs. 
unililit, sidO. and slite. pc ,ctitations with theC ln tifth I ilrla' tlI )ocnuicunttatiOn
nlt1dV tthtnlIittntcrial]\ 0rl\ cxtCir:ul acmiciCs. Il and ('u)nipfutCr SCrsiCcs. Nc\\ puihlications will
 
19,5 7.one \idco pio,,ram Iput)litd fut lie Insti-
 he atted to the t ltbast' andll U lute to the

inc bi ic[tldutcittnIMedia Research (ientre catalog will be brought out ctch veai.
 
WIl R() of ti1(eCitual iuntitutc Of lFuilish and 
 )tiritng tile year, thilnt')osing tnit Cxposd
l'teicim .ai an,, (.cs,l 1("Il.), entitled ''Scatter- and processetd approxiinatcly 3555 m of photo-

NY tcy user aMsNiilia Iand' w stelecast over 
 tylft'stting paper for publications, slides, andlndi's nmituonal nittek. MIorc television pro- ofher typograpltphical re'quirCmCnts. Some 231)
grains & :'iilin \aritus aspccts of I(RISAl's cotlpUtCr graphics wCC IMade to illustrate Var
work inlndia I,,,bcen initiated. \ new slide set ious Institute publications. Newsletters \%ere
uised tt introdluce \isilors ad dollors to the directly set on the units's laser printer, with con
Institutt''s actiiti's.
"tid also availablc on sale, sidcrable savings on material and mnlpower 
was prtoduced during tile \ear. resources.
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The Art tinit htad lc'iiem thati 100 pieces 
of art\\,ork, itt addilton Ii their graphic and 
dcSILi \\ irk oi Ii itIt it-ic\ ci Wiohlications. his 
ificludcd 1inc\ li, . phti-pawgc I'\ outs, pos-
Iw[,. m;l\. it i,. \c 1 ;iN, i1;ii ' ;It"tc -i tt t J 

C M iI c ,ttN. .. itci, R cp,ioili;t ,t. 22)) zlll . l 
lt ' ;t ll'ln , l ; 1 11-,ill ; IlC1. Ml lilt' ..\ 11 I. flit 10 

jpi't(i lit.c" [tc CI'.c ic[ri[piil', 

I 1C tlfitt.[t tl . I itit itcc, i\c'i itc'tit" Il 
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Publications 

]lls,;itte Publlications 

Annal, Irogress Reports 

R( RiS \ I (I It.f fitilmi'l C( )p , ,cicarch ilitel ltRlcp ]nl 

!h, '''li \id Itopic'.). 1987. Rc-,citrch highlight 

i - ,, i,t n iut . At.'. "i)? P r.'.ldiattCRIS.\ 1.52 


pp IY'\ , ),'S"2, 32. (Rill" 
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19)>+ P',t,. hct ,. .\P i' 3.)4. Itlcd i: RICR 1. 52I 
Ipp I>H 2 ".4'0.; (Rill <l .N! 


I( U~l1),AX ;Il, , t ,IChI'itI t til 101.
I (Ititt+'+Ild 11M~t.,1l l#.'. 

t11 C \uill-\III OILc. . l"S7. \iitinai repot 0t),86. 
it';ittt liciru. \.1). 502 312.. tndia: ICRISA I, 404 pp. 

IS \ 0257-2417Ns.t 11)3) 

Newsletters 

IWRIS.A (I ririnatiional (rops Research Institute for 
ilr Scmi-Alid I topics. 1987. At I('RISA I nos. 17, 

IN, 1). alnd 20. ;tiitllhc ti. A .P. 50)2 324, India: I 'RI
sI..\ I.t S N 0257-24Si N .I:)
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ICRISAT Senior Staff-as of December 1987
 

I.RISA]LCenter... .Harih _ Sethi Scientific Liaison Officer=::_:_ 
Georgina Fredericks, Adm Officer (Visitors' Services)

Administration 	 KK Sood, Sr Security Officer
 
A.Ekbote, Security Officer
 
K.K.Vij, Sr Adm Officer (Delhi Office)
L,D.Swindale, Director General V.Lakshmanan, Asst Manager (Administration, until Dec) 

t J.S.Kanwar, Deputy Director General N.Surya Prakash Rao, Sr Resident Medical OfficerM. Goon, Assistant Director General (Administration) G.Vijayakumar, Transport Officer (until Apr)K.B.Srinivasan, Assistant Director General (Liaison) K.Jagannadham, Adm Officer (Transport)

B.C.G.Gunasekera, 
 Advisor to Director General A.Rama Murthy, Travel Officer

for Donor Relations 
 VV.Ramana Rao, Adm Officer
 

S.J.Phillips, Special Assistant to Director General
 
for Educational Affairs
 

W.E.Urban, Advisor on Research Management Systems

(until Apr) 
 "ResearchPrograms,

V.Balasubramanian, Sr Executive Officer
 
(Director General's Office) 
 Cereals
 

Joyce Gay, Sr Adm Secretary to DG
 
M.S.S.Reddy, Scientist (on contract, until Aug) 
 Program Office
 
Sunetra Sagar, Sr Adm Secretary to the DDG (until Sep)

Surendra Mohan, Sr Adm Officer, Office 
 J.M.J. de Wet, Program Director, Cereals
of the DDG (from Aug) K.Santhanam, Asst Manager (Adm)K.Sampath Kumar, Sr Secretary, Office of the DDG Nirmala Kumar, Adm Officer (until Apr)


S,Krishnan, Asst Manager (Admn)
 
Office of Adviser to DG for Donor Relations
 

C Geetha, Sr Secretary, Office of the ADG (Admn) 
 Sorghum Group

P.Sosamma Nair, Adm Officer, Office of the ADG (Liaison)

D Mitra, Fiscal Manager S,Z.Mukuru, Principal Plant BreederA.Banerji, Assistant Manager (Fiscal) i[;,K.Mughogho, Principal Plant Pathologist (on sabbatic)V,S.Swaminathan, Sr Accounts Officer J.M.Peacock, Principal Plant Physiologist

A.N.Venkataswamy, Sr Accounts Officer 
 (on sabbatic from May)C.P Rajagopalan, Accounts Officer[ K.F.Nwanze, Principal Cereals EntomologistP.AIW.N.Kumud Nath,,Accounts Officer D.S.Murty, Plant Breeder (on leave)

B.K.Vasu, Accounts Officer 
 B.L.Agrawal, Plant Breeder
K.Narayana Murthy, Accounts Officer Belum VS.Reddy, Plant Breeder
T.Kulashekhar, Accounts Officer P.K.Vaidya, Plant Breeder
T,K.Srinivasan, Accounts Officer N.Seetharama, Plant Physiologist
B.K.Johri, Personnel Manager (on leave from Apr) P.Soman, Plant Physiologist
P.M.Menon, Personnel Manager (Acting, from Apr) Suresh Pande, Plant Pathologist (on leave)NS.L.Kumar, Sr Personnel Officer R.Bandyopadhyay, Plant Pathologist

P.Suryanarayana, Sr Personnel Officer 
 SL.Taneja1 Entomologist
A.Hameed, Personnel Officer (from Jul) H.C.Sharma, Entomologist (on sablatic until Oct)A.J.Rama Rao, Sr Secretary (Personnel) H.D.Patil, Sr Research Associate (on leave from Jun)R.Vaidyanathan, Purchase and Stores Manager K.David Nicodemus, Sr Research Associate
C.R.Krishnan, Asst Manager (Purchase and Stores) DJ. Flower, International Intern
K.P.Nair, Sr Purchase Officer H.Kokubu, Postdoctoral Fellow (from July)

D.K.Mehta, Sr Stores Officer
 
D.V.Rama Raju, Sr Purchase Officer
 
K.C.Saxena, Sr Stores Officer 
 Pearl Millet Group

K.R.Natarajan, Shipping and Purchase Officer
 
Joseph Banji, Purchase Officer 
 S.B.King, Principal Plant PathologistA.Lakshminarayana, Sr Scientific Liaison Officer F.R.Bidinger, Principal Plant Physiologist

(Visitors' Services) 
 J.R.Witcombe, Principal Plant Breeder 

,>) 
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K Lee, Principal Cereals Microbiologist . 
C.THash, Associate Principal Plant Breeder (from Apr) 
K.N.Rai, Plant Breeder (on sabbatic from Apr). 
B.STalukdar, Plant Breeder . 

Pheru Singh, Plant Breeder (on leave from Aug) 

G.Alagarswamy, Plant Physiologist (on secondment) 

V.Mahalakshmi, Plant Physiologist 

S.D.Singh, Plant Pathologist 

R,P.Thakur, Plant Pathologist (on sabbatic until Jun) 

SY.wani, Microbiologist 

K.R.Krishna, Microbiologist 

M.N.Pawar, Sr Research Associate (until Apr)

B.P.Reddy, Sr Research Associate 

P.Q. Craufurd, International Intern (until Feb) 
C.T. Hash Jr., International Intern (until Mar) 
E. Weltzien, Postdoctoral Fellow (from Nov) 

Kenya 

V.Y.Guiragossian, SAFGRAD/ICRISAT Coordinator 

for Sorghum and Millet, Eastern Africa 


Mexico 

C.L.Paul, Team Leader and Principal Sorghum Agronomist 
R.Clara, Scientist, Sorghum Breeder 

Legumes 

Program Office 

Y.L.Nene, Program Director, Legumes 
D.G.Faris, Principal Coordinator, Asian Grain Legumes 
Network (on sabbatic, from Aug) 

C.L.L.Gowda, Acting Coordinator, AGLN (from Aug) 
D.M.Pawar, Sr Agricultural Officer (Cooperative Trials, 
LEGOFTEN) 

Surendra Mohan, Sr Adm Officer (until Apr) 
P.Rama.Murthy, Adm Officer 
G.J.Michael, Adm Officer 

Pulses Group 

W.Reed, Principal Entomologist (until Nov) 
CJohansen, Principal Agronomist 
,H.A.van Rheenen, Principal Plant Breeder, Chickpea 
Laxman Singh, Principal Plant Breeder, Pigeonpea 
A B.S.King, Principal Entomologist, ICRISAT/ODNRI 
J.AriharaAssociate Principal Physiologist 

N.Ae, Associate Principal Microbiologist 
H.J.Hansen, Asst Principal Plant Pathologist, ICRISAT/ 
DANIDA 

4 4, 4 " 

* 

K.Okada, Asst Principal Microbiologist
 
DSharma, Sr Plant Breeder, Pigeonpea (until Jul)
 
K C.Jain, Plant Breeder, LEGOFTEN
 
Onkar Singh, Plant Breeder, Chickpea
 

(on sabbatic from Jul) 

S.S.Lateef, Entomologist . .. 4
 

M.P.Hawarc, Plant Pathologist (on leave)
 
S.C.Sethi, Plant Breeder, Chickpea
 
N.P.Saxena, Agronomist (Physiology)
 
OP.Rupela, Agronomist (Microbiology)
 
J.V.D.KKumar Rao, Agronomist (Microbiology)
 

LEGOFTEN 
A.M.Ghanekar, Plant Pathologist
 

Jagdish Kumar, Plant Breeder, Chickpea
 
S.Sithanantham, Entomologist (on leave from Jul)
 
S.C.Gupta, Plant Breeder, Pigeonpea
 
M.V.Rcddy, Plant Pathologist
 
Y.S.Chauhan, Agronomist (Physiology)
 
S.B.Sharma, Plant Nematologist
 
M.D.Gupta, Sr Research Associate
 
N.V.Ratnam, Sr Research Associate
 
J.Hl.Miranda, Sr Research Associate, Chickpea
 
Sheila Vijay Kumar, Sr Research Associate
 
L.Krishna Murthy, Sr Research Associate
 
P.K.Anand Rao, Postdoctoral Fellow (until Jan)
 
Nandita Sarkar, Postdoctoral Fellow
 
S.K.Singh, Postdoctoral Fellow (from May)
 
F. 3.Lopez, Postdoctoral Fellowv (from Jun) 
A.Schr6th, Research Scholar (from Oct) 

Groundnui Group 

D.McDonald, Principal Plant Pathologist 
J.P.Moss, Principal Cytogeneticist 
DV.R.Reddy, Principal Plant Virologist 
J.H.Williams, Principal Plant Physiologist 

(on sabbatic from May) 
JA.Wightman, Principal Entomologist 
S.N.Nigam, Principal Plant Breeder 
F.Waliyar, Asst Principal Plant Pathologist 
L.J.Rcddy, Plant Breeder 
P.Subrahmanyam, Plant Pathologist (on leave) 
P.T.C.Nambiar, Microbiologist (on sabbatic from Apr) 
PWAmin, Coordinator and Entomologist, 
LEGOFTEN 

G.V.Ranga Rao, Entomologist 
A.K.Singh, Cytogeneticist (on sabbatic until Jun) 
V.K.Mehan, Plant Pathologist 
D.C.Sastri, Cytogeneticist 
M.J.Vasudeva Rao, Plant Breeder 
S.L.Dwivedi, Plant Breeder 
R.C.Nageswara Rao, Plant Physiologist 
V.M.Ramraj, Plant Physiologist 
N.Sivananda Reddy, Sr Research Associate 
Y.Sudhakar Yekula, Postdocto'al Fellow (from Jun) 

4 44 4 44 " .4 
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C.S-Gold, Postdoctoral Fellow (from Sep)
RAANaidu, Postdoctoral Fellow (from Jan) 

R.C.Sachan, Agricultural Engineer 
Prabhakar Pathak, Agricultural Engineer 
N.K.Awadhwal, Agricultural Engineier/Soil Physicist 

Syria V,M,Mayande, Engineer
M, Bolsu, Postdoctoral, Fellow (from Aug).. 

K.B,Singh, Principal Chickpea Breeder 
M.P.Haware, Principal Chickpea Pathologist 

'• 
Economics Group 

Pakistan T.S.Walker, Principal Economist 
P 1J.Matlon,Principal Economist (on sabbatic) " 

, M.SRahman, Principal Chickpea Breeder/ 
Plant Pathologist 

R.A.E.Miiller, Principal Economist 
Karen Ann Dvorak, Principal Economist, ICRISAT/IFDC 
(until Sep) --

R;Res~uree Management 
N.S.Jodha, Sr Economist (on leave from Apr)
R.N.Athavale, Sr Hydrologist (until Jun) AA 

PrograntOffice 
S ffceM.Asokan, 

SP m D r
J.L.Monteith, Program Director, Resource Management 

R.D.Ghodake, Economist (until Apr)
R.P.Singh, Economist (on sabbatic from Apr)

SrResearch Associate (on study leave from Dee) 
K.G.Kshirsagar, Sr Research Associate (on study leavefromA

S.K.Sharma, Sr Research Associate , Apr) 
R.S.Aiyer, Sr Adm Officer 
S.Ramachandran, Adm Officer 

KV.Subba Rao, Sr Research Associate 
M.J.Bhende. Sr Research Associate 
V.Bhaskar Rao, Sr Research Associate 
P.Parthasarathy Rao, Sr Research Associate , A 

A Agronomy Group 

A'. 

S.M.Virmani, Principal Agroclimatologist 
J.RBurford, Principal Soil Chemist (on sabbatic until May) 
C.K.Ong, Principal Agronomist, Cropping SystemsR.J.Van Den Beldt, Principal Agronomist, 
Agroforestry (until Mar) 

R.Tabo, Principal Agronomist (from Aug)
A.SchUtt,,Asst Principal Engineer, Soil Fertility Unit 

Support Programs 
Biochemistry 

R.Jambunathan, Principal Biochemist and Program 
Leader 

Umaid Singh, Biochemist 
V.Subramanian, Biochemist 

(ICRISAT/ University of Hamburg)
Piara Singh, Soil Scientist 
A.KS.Huda, Agroclimatologist
K.L.Sahrawat, Soil Chemist 
T.J.Rego, Soil Scientist 
M.S.Reddy, Agronomist (until Aug) 
M.Natarajan, Agronomist (until Jul) 
A.Ramakrishna, Agronomist 
C.S.Pawar, Entomologist 
A.A.H.Khan, Engineer 
R.Tabo, Postdoctoral Fellow (until Jul)
J.N.Daniel, Postdoctoral Fellow (from Sep) 

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 

A.K.Murthy, Engineer. 

. 
. 

Genetic Resources 
S"'Engineering Group M.H.Mengesha, Principal Germplasm Botanist 

K.B.Laryea, Principal Soil Physicist
T.Takenaga, Principal Agricultural Engineer 
GD.Smith, Principal Soil Scientist, ICRISAT/QDPI 

and Program Leader 
K.E.Prasada Rao, Sr Botanist 
R.P.S.Pundir, Botanist , 
V.Ramanaha Rao, Botanist 

. 

Al 

(from Feb) .. 
Sardar Singh, Soil Scientist 
IK.L.Srivastava, Agricultural Engineer 
R.K.Bansal, Agricultural Engineer (on leave) 

ama Rao, Boanist 
P.Remananda, Botanist 
T.R.K.Satyanarayana, Administrative Officer, 
Y.Saideshwara Rao, Postdoctoral Fellow (from Jun) 
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Plant Quarantine 

B.K.Varma, Chief Plant Quarantine Officer (until Nov), 
NC Joshi, Chief Plant Quarantine Officer r 

...... .J
r.t.fromcc 

Upendr•Ravi, Sr Research Associate 

N.Rajamani, Sr Adm Officer 


Fellowships and Training 

D.L.Oswalt, Principal Training Officer 
and Program Leader 

BDiwakar, Sr Training Officer 
T.Nagur, Sr Training Officer 
S.K.Dasgupta, Sr Training Officer (on sabbatic until May) 
Faujdar Singh, Training Officer 

V.S.Raju, Sr Secretary (until Oct)
 

Information Services 

D.A. Fuccillo, Head 

J.F.Wills, Research Editor 

Susan D. Hall, Research Editor 

S.M.Sinha, Asst Manager, Art and Production
 
D.R.Mohan Raj, Editor 

}.}.Abraham, Editor 

Madhu Reddy, Editor (until Jan) 

V.Sadhana, Editor (from Apr)

H,S.Duggal, Sr Photographic Supervisor (until Sep) 


G.K.uglni, rAt ViualzerD.C.T.R.Kapoor, Sr ComposingT.R ao, SrC opsing SupervisorSupervisor 
A.Antonisamy, Printshop Supervisor 
A.BChitnis, Sr Photographer 
N.V.N.Chari, Adm Officer 

Statistics 

Murari Singh, Statistician 

Computer Services 

J.W.Estes, Computer Services Officer 
S.M.Luthra, Manager (Computer Services) 

J.Sai Prasad, Asst Manager (Computer Services) 

T.B.R.N.Gupta, Senior Computer Programmer/Analyst 

C.Kameswara Rao, Computer Programmer/Analyst 

(until Apr) 


S.V.Nanda Kishore, Computer Programmer/Analyst 

J.Gnanasekharan, Computer ProgrammerlAnalyst 

(until Oct) 

EA,Vinod Kumar, Computer Prcgrammer/Analyst 
(from Nov) . . 

G.Subba Raju, Computer Programmer/ Analyst (from Nov) 

Library and Documentation Services 

L.J.Haravu, Manager,
 
P.KSinha, Sr Documentation Officer
 

Officer".--f.r- 
S.Prasdinnalakshmi, Sr Library Officer
 
RG.Naidu, Documentation Officer
 
V.Venkatcsan, Library Officer (on leave from Aug)
 

Housing and Food Services 

D.A.Evans, Manager (from Feb)
 
S.Mazumdar, Asst Manager (Food Services)
 
B.R.Revathi Rao, Asst Manager (Housing)
 
D.V.Subba Rao, Asst Manager (Warehouse)
 
DN.Sar, Canteen Officer
 

Physical Plant Services 

V.P.McGough, Manager
 
W.B.Symons, Principal Engineer (from Aug)
 
Sudhir Rakhra, Chief Engineer (Civil)
 

C.K.Belliappa, Asst Manager (Workshop) (until Jan)
 
S.K.V.K.Chari, Sr Engineer
 
(Electronics and Instrumentation) (until Jan)
N.S.S.Prasad, Sr Engineer (Electronics and 

Isrmnain 
Instrumentation)

A.R.Das Gupta; Sr Engineer (Communication)
Raizada, Sr Engineer (Airconditioning)... ,.. .
K'.Ravi Kumar, Sr Engineer (from Apr-Oct) 

R.Thiyagarajan, Engineer (Automobiles) (until Mar) 
AN.Singh, Engineer (Heavy Equipment and Tractors) 
S.W.Quader, Engineer (Office Equipment) 

K.R.C.Bose, Engineer (Civil)
 
K.Satyanarayana Raju, Engineer (from May)
V.Madhusudan Rao, Engineer
 
Y.Chiranjeevi Rao, Engineer

SPJaya Kumar, Sr Adm Officer
 

Farm Development and Operations
 

D.S.Bisht, Manager (from Jul)
 
S.N.Kapoor (Acting Manager until Jul), Manager (Farm
 

Machinery) 
S.K.PalSr Plant Protection Officer 
K.Ravindranath, Sr Engineer (Farm Machinery) WJ 
M.Prabhakar Reddy, Sr Agricultural Officer 
N.V.Subba Reddy, Sr Horticulture Officer 
M.C.Ranganatha Rao,Sr Engineer 
S.Abid Ali Khan,Agrictvril Officer 
C.Rama Reddy, Agricultural Officer 
Akbar Pasha, Engineer 
S.C.Gupta, Engineer ' . 
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T.A.Krishnamurthi, Sr A'dm Qfficer (until Apr)t Resource Management Program
Surendra Mohan, Sr Adm Officer (from Apr to Aug)
V.S.Raju Adm Officer (from Oct) C.Renard, Principal Agronomist and Team Leader, 

M.Manzo, Research Asst 
..... ...........................A .S k pajArincipaaro natoogist.yof .Agromis n 


(on sabbatiA from Oct) 
S.Abdoussalem, Research AsstWest African Programs A.Bationo, Principal Soil Chemist (IFDi 
M,C.KiaUj, Principal Soil and Water, Management ScientistICRISAT Sahelian Center, Niger M.S.Dicko, rn c A 
sst
 

Admnisraton .Ouraogo,, rRiparAgrnmst (University of 1-ohenhecim)
dmn rion a(until ( cuntil . 

JKaziand, Research Asst 
R.W Gibbons, Executive Director, West African Programs, B.R.N'tare, Principal Cowpea Breeder/Agronomist (II I'A)

and Director, ICRISAT Sahelian Center M.S.Dicko, Principal Animal Nutritionist (ILCA)
D.C.Goodman Jr, Regional Adm Officer (until Mar) (on sabbatic until May) 
M.G,Wedeman, Regional Adm Officer (on special S.Coulibaly, Research Technician 
assignment from Apr) J.C.lopkins, Postdoctoral Fellow (IFPRI) (from Jul)

S M .Adjei-Fah, Adm Secretary R.J. Van Dmencldt, Principal Agronomist/ Agroforcstry
* 	 M.D.Diallo, Regional Fiscal officer (from Oct) (from May)
 

I.Agani,- Accountant M.Djibey, Research Asst (from May)

K.A.Moussa, Personnel and Transport Officer 
 .ToII, 113PGR Field Officer for West Africa (from Feb)
Solange Delanne, Executive Asst (Liaison) V.Watt, IBPGR Collector for the Sahel (from Jun)B.Amadou, Admn Asst (Travel) (from Nov) 	 A,N Diaye, Bilingual Secretary (from Mac) 

A.R.Tanko, Purchase officer
 
l.Laouali, Computer Programmer/Analyst
 
.J.Cachalo, Bilingual Secretary
 

Support Programs 
;"" 	 Farm Operations 

Research Programs
 
P.G.Scrafini, Research Farm Manager
Pearl Millet Improvement Program R.van Midde, Technical Asst (SNV) 
P.Koudogbo, Chief Mechanic .
 K.Anand Kumar, Principal Millet Breederand Team Leader B.Mallam, Security Officer
 

S.O.Okiror, Principal Millet Breeder/Regional Trials
 
Officer
 

S.N.Lohani, Principal Millet Breeder (Burkina Faso)

M.Mahamane, Bilingual Secretary (from Jul) 
 Construction
 
L.Marchais, Principal Geneticist (ORSTOM)

S.Tostain, Principal Geneticist (ORSTOM) 
 B.D.Marvaldi, Project Development Officer 
M.J.Lukefahr Principal Millet Entomologist
 
A.Mamalo, Research Technician
 
J.Werder, Principal Millet Pathologist
 
A.A.Ciss6, Research Asst (from Jul) Statistics
 
L.K.Fussell, Principal Millet Agronomist (on sabbatic
 
until Sep) 
 B.Gilliver, Principal Statistician

T.J.Stomph, Sr Research Asst G.Ouoba, Computer Programmer 

'Groundnut Improvement Program Information/ Documentation 

B J.Ndtinguru, Principal Groundnut Agronomist C.Giroux, Regional Information Officer 
and Team Leader A.Dodo Translator 

D.C.Greenberg, Principal Groundnut Breeder F.Gbaguidl Librarian
P.Subrahmanyam, Principal Groundnut Pathologist H Diori, Documentalist (from Mar) 
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Buirkina F'aso 

Adin i %Ii n 

and > IiR.I i( 1((>"kIdIffaio 

Regional (;rouidnti: Improvenment P~rogramn, 

K. R Iock, P~rincipalI (ioundniit Pa;thologist 

(Y.L.ildebriand, P~rinicipal (imnin tit iliecdcr (from Aug) 

LiiI1)m ai. AdiniitiiA-1 L~i 

\I N wi, ml I L.IiL p;C '. 1; it1tI(1'1 

li 'Cd I CLLCii 

K\RS mic; h .rinipa I'I C~riikiIP I Ll IL'lS111, 

N.1 I.ItI i , P Ii ip; I Ificc 11, a hoI y I% 
)II 1,11ib1ia IPC1 icihlA1L1,\gs o nre(Siui N IIbal 

r 

g 

V1 eDCCi reinalBredrgu ad 

0iJ.I 11i'c R.\dulL I A )itC~ >,tzIIIuuMM Ir) 

I)Southern Afi~trcahl~iProgramstiuuN ffc 

IS C Regtia Sogu ann 

~klalii- Imrlinn Program, 

*Adii iccKI1X'IIA1 t-I 1r1,S, 'HO\s-I FII 



Acronyms and Abbreviations Used in this Annual Report 

il raA C ~ ~Ag turaIIIIil ( 'f1) ;11t ) (11111 ill;i)
CA\i, I AuiIttall ('Cnliff(, I tttI Iti(A ia 'l Al~r cilturllal Research
 

ACI A\lilu, ( ooldinated f l
 
A~~~~ ~ I)AcvAsllill ,cloprnlclif :\.l.'tlice BIic
 

AI R A~ I )c\clopnicn! hantlk
\Satt 

A IIA l ica r I ( 11i 

AG! N Aht i ji t .;1111c M\of k

<\GIUYNiI ('cnnc:cu;
1(:ik111u (if. Io 1 t n cl d application en agrorneteorologic ct hydrologic 

AII I.'\dkatlccu I I\ h[i~ II 'l 

I((IH <AI( ic il ii I l (,lnalll AsiaH~ankh ' ) c (hePi lip iles 

AJ I P, N) Al !ndia 'o iiic(i IPlotitCtt OtIItcil~ui'OtkCCt 
Ak IIt \n~iaIk&. t 1 itm[diinwI i;\ im ii (hl oO 

AP TNIl Ailta Rcp(iooailiico1icWlltPl~li ilelco 


I It'i Ni \';lrict 'l[\(.:w\'11( a 
keytl lll li h l d l(l olI ll 

A 1\1 I AlI'hattccuJ \;cml I 111 

AVI Adth .\ccdtoi t I usc
 
I I ~ Ili 11)c1t.V I I wImnd t
 

(I0-f~,N ( uttipact I ;'4-Rc( olxNicrtnt 

('h' ('cnju rtI [ti awit;, l Hm K11KInternatinal 

('lAIN ( 'uintki'o tlit lt tIIt)lI :piiur c l tl ct(Ir'~ctSn10 G at a
 
'Ni R G 
 I , ipo NiciNi aloh';; Rc 1 Jo aiiit I in)i

(NI NI~I'tnc 
 'ui oaint \kn0ijn'ww(it ti de~ Nlinsv crigo (Muexi(rac) 
(NA I )' (cin'adm ~iotaludc cchtili a 'Aliou:,Ic Y(c'hipnctarc 

(COI RI NtR IN RAN I( 'RIN1A 1 ('loiperat is IVC'I al Nort I Zonte 
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C(VV RItS 1 I) IN RAN I ('RW /Al t noierat i\, Irial South Zone
 

('R I ) IN Crtlil Rscarch Instit ute tor I)ryiand Agricutlture (India)
 
(I(S 1) ('ollaol ritive Re c:,cll Support Program (IUSA)
 

V' (Yoctficicnt oi Variationl 
c\v cultivar 

I),\I! [)ays ',|1!tl F M CIl_'l'JCIKL' 
.'I + ;tulr ,i c iicFI)av,>., t 

I)\N IIA Danish Ittcrn'atitml I )DcvlopnicrltA\LcIcY 
I 1on I l"An lnisplhir, 
I \, I)aA\S after sowilI 
I ),( I)\vatrf ( 'u ulopo itc 

)I!(' I )ieital iri C urn rlc ! <. a~ttit~11(1 SA,<
tlhldtlh .\hmi1 1)12l~I)i ei lrWii m 

I)\I l)ovn\ MildcI\ 

)\l- I I)r , Iittir- Ii r+,piratii 
I \' I FartIv \rhar ( uordiait.d Ii1tIl 

I \AN,1S\M \lticn r( ora! S and Committee)Fa',t i+ ,h IMillet (Network; and Advisory 
IH Ilcetrical ('rld atlvit\ 
1 lIarlv (' 0 iJ tt 

I I( trropt i I:'llOr . ( 'mi/tilnUilitv 

II ( Flite ( lllpsite 
i IIS\ IitlVi, ic-I inked Iml tl u lo ,,rorh iO ,saV 
1F1 PI>., 1lilt' ]rutduo-l,, ,NtLt IP 

Ni_i al'l 
I \/1 Frly-taltnirie\;i'iiL, ;, 
F I ,\IZAPA [lltl)l t' ir ileilct dc } ,i)CC l (Brazil) 

I' IR( I~rr t-ltc'xistart (.,rinpuathe 

lA'~t I rnited .tti~int ,Ie i ',rl .: .;Soc'ial (' ornissron for Asia arid the Pacific 
IIha landl 

l-i A U I Lx.\trli-Cal-r \I ha ( "<m diritcd I rI',il 

I- \() 1Fod alid :\iirie tint C ( )r!'lilatin of the United Nations (Italy) 
FSVII'l h iull S# .t,o~ll \"trlctlc,, lPrchlillulnar\ 'lI a-l 

I'NI: larnwillad NIainrc 
(iI1P(h GF~tlli I.2l n l n rt-lln PV0.grqll 

(lt\,AV (frtouliti t l/++ c'ttc !\ > b,tor Vlius 

nit 
(SNI) (Iroundint Sliclik Necrn-ris I)i:eisc 

II )eutschC (ic ,cI]lhatlt I F 'ICclia isehc Zusarnrnenarbeit (Federal Republic of 
(ierrinvit 

( i 1): (elCt;C Ies UtiC, 1111 

Htih -Iurilit\ IoplrulatiilI ) li 
I-i(iro lhigthCIiovtlt Rate Iopul~atior 

ItiTIP Iti'n 1 illh rirtrog P>pulItirt1 

IAA Indole Acctic Acid 
IAR I lndkar :gricultural Rscare..h Institute 

IBA I dolc litt'aric Acid 
I13116R International Bolard farl Plant (Cn,:tiC Resources (italy) 
IBS NA'I I riternat lonal Ilenchlalrk Sites Network for Agrotcchnology Transfer 

1BS RA NI Interniat ional iBoard for Soil Research and 1, anagement (Thailand) 



.- l r (r,. an/ . /)hreviaLtiolls 385 

ICA RDA International Center for Agricu.ltu,ral Research in lDrY A rcasi Syria)
 
r VT Inturnational (.onfectionery Groundnut Varietal 1 tial
 

IC'I-RN International Chickpea Ilcqliwhis Resistance 
Nursery
(l1P1 International Cintre (f Insect Ph'Iysholo_, and l:oloiy (Kenya)
 

I(R( 
 I(RIS.v Rcsttcr Cormposite

I('SS(S- lI' '\ (enctlc-Sahclian ('itiur Scedliit: Selen
I( '\ lIntem,;tth ;1 ll hicklct ;Clceof.w :,'rpr 
l(S'N-l )i. lIternttiorlol ( hickpea )cSI,n:g Nursery ) I nlu-dlr;uatlon
I(SN-I)I InterntatiollA liickpCi, ScrcUning Ntirsu;.+ I)esi Medium-duration

I('SN-I)S Inteitlatiotitl ('hickpca Scroening NtLrse 
Iv )..i Shorl-duration
 
II)N Inteiltational li)rtight iursctv
 
I)1.(' Ilntertiijt[
iu a[ -:,lI j)u cI0 csc trch ( vutre ((.';ll ,lda)


II{ llstistit ut kl'iCoe loillic rti!rA C(Niali)
I1I lite lt.I o',timl Fark l i flImit \Vm wtcal Ilial
 
11-1)( IIII(:rzIl tM0I;i I.C1.tii1cr I)CN'Clop mllcnl.C l (.'e1t ITS,, )
 

\"111)1 ,( I Iienatinual 'nliir I )iSca.se R,istai (;Iroundiut Varietal Trial1FIPRI 1I M0ln ' Ii I'A I I 1ti1i1A Food )). RNiC LAI.11~t,'1.[nlittltt: (I ,";?\tIctrnathio l I tititc (,II'l cal ,A.e t, till-u, (Nigeria) 

II( 'A ItttII J;itIuIal ILicst0() k (CitIC 10r Africa 0l:thiopia)I IN WRl.VA I IYMa', Miilhl Alicon /olnc-A I lialI
 
Ikl 1.(IV I 11it(.ittioi0 al ,cmt{iun and I oc (,roundutit Vaiiital ' rial

S I A,( ,'!l"U!hiatti'lei] ics ci dc eclhutches a.Picolcs (Iurkina Faso)


INI-I.\ I' I,til o NAcunuIl d lI\cstialdores t,_CItalcs YAr,lp'cuarias (Mexico)

INR..\ listitl iatiutil d Ia hchihc aivionomiq tic (I ig c)
IN *{.\.\ ~ l"tiu ii tit tlii de oicchi s anifI~ii()ttitts (itt N'ier" 
IN t( I I u'-lll Iltat iOlld Ic Ia i'c tch' /(itcc l ,,c f ec Cre t hytIroh I logijtt (Mali)
INSA l II I .itit t (hi uihell alci)
il1\ .I;W Ni 1t 1SAIl) I itic Xll (IollahttaticI, ch SLpport 'Fogra.tn oil Sorgthumi anid Pearl 

Mile! ((!S/\)
IlPi)R llutiltl pr;tlttic do dtc\eloppen-ut rUral (N gc..)

1 I' A I ,iittcttti'i l earl ,til'ler A,\dapL i al
ationlo 

I PM I )I N I itrnt Hatitd [Pearl N1 ilet I)owrty Mildew Nursery

1I1'%1N IrCrnat'ional I'er l Millet hrgot N'ursery

11)NI RN Itorn tional lPefarl Millet Rust Nurse.,ry

;I'MSN Initert:.iioInal Pearl Millet Stilunt Nursery

IP[N RN !lternttt;al Pearl Millet Rust Ntuscry
IPR(IV I lntcrnat i(tual [c'i-r,,isltnrt(ioturdutt Varietal Trial 
IRA Instit:tt dC la lcore he agrottltliqtic (Cainroon)
IRAf I'lIstut de rCelerehe 'tgeortOtiities tropicates et des cultures vivridres (France)
Ik II() lnstiluu c hrchtI ,iCr F r uls huitilcs ct otlgineux (France)
IS- Intertational Sorghun ( o,'crsiOu 
ISC' ICRISVI Sahclian ('enter (Niler)
ISI)MN Itcrnatioial Sorglum )ownv Mildcw Nursery
ISGMiNN Internattional Sorghum Grait Mold Nursetr.,
IS RA Ilusitut -sCteLakaisdc rccherclics g'ttlcs (Senegal)
ISS13N litern tioial SortIhtiu temlorer Nursery
ISSFN liternatioial St)rltllhl S1"1001 l1v Nurse:y
IVC Inter-1Varietal ('InpositC 

http:Fogra.tn


I~Ill Vitlo Scc-d ( oI()ni/aionli) '1pcr ,illus/Il'ui. 

IK VV I~twlh hlN il ih l~~ i ilyl(1d l 

KI I kcllit Api Ii i I ) intml \ lii t,uro
 
l iiic\\ii
 

>IH I I ijAu (Ii-IK* 11j I I~rI m,'11 
IT( I ;i d I j ll1;1 ;t P;dc111(1 1 2 

H -i I (I Irl( ilc idI % kl i t ( uktll 

N pfli (klen(icic P\cd 

I\ ND A I( .Nlitit-- i eritL l Ila l dLli( &nirc FI ikistan) 

NIIIA S' II NVila Iil icnclcwl IYsic~ i '2ShiiCS(ind 

NI It NW( D'fo l ;Ilk~ oNlyo"t 

N o itt ReLl~oldilei1td I.Ne Ii di' i 

P! ()',,II \ -Pkmc Itelit ~ii ut NI-udLi iiil Reurlceof Gnterany ) 

IVAIN ltlmiaIIClAicNIIeie 
A( iooprt Iis icI'ru i i Ii Hr I licIin(~ -i Ivmn(rpkasof andAu (Panma 

M )I R! (hiroije \'iliyiNi'eamud StreakiRueai, 

1s, PiNeanuit ( lui Ni r:nsi 

NUCIIII'Ct Ii',Ieiie(Ivo 
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1F QIA
PH1-] 

NI .- IIIT 
I'M AVI 
I) (" 
PMI)MlN 
PNIIII 
I'P IN 
I' VII\ 
IV] 


I+ I'VI 

PMV 

PO)NI'NI I"I 

I)R' 

1k\V 


I St ' 


PVI 
I' SV 
M'I 

1\1 


Rl [ : 

R II) 

RMIP1 

IRSl I 

RSA'"V I 

RS'\'", I 

.SNI)( '(' 

SAI:iRAI ) 
S. I 
)AI R IS 

S(RI 
"I )I 
SI)I 

SNI 


ANIAAI 
SPA] 
.SI'1 

.'S1' 

S,RC 


ISIP 
TAIDI) 
IA FS 
TA RI 
ICA 
TI)M 
FDRI 

Post-lntry Quarantine Isohition AreaPreilinfilarv Hyl0"rid Trial 

Pearl Millet Advanccd Hybrid 'Irial
 
Pearl Millet Adiancecl Nat ictv Ilrial
 
Pollen M-other ('ell
 
Pearl Iillet )icasc M)onitouing Nursery
 
l'carl ilh nil
Initial llyhrjd Tlrial
 

Iciul Millet Inbird Nur,,ury
 
PI'al M illet Initial V'lllictv" I rial
 
Pearl MiIlet late Varitv lrial
 
Pearl Millet P:-climifat Varietics Trial
 
I'canut Moltlte Virus
 
ligcopca ()bscvationl NursuIr
l~earl ,",illet l):tthoh,ev I riatl 

Potuntial I-linc, 

l'arc-\V Rock l'hosplh;uac
 
Pa rc-W
 

IRIN ,urSIer 

Placut Stripe \irtU> 
'relimintrv \,"ri.rtv rial
 

Peanut Yellmk. Spot Virus
 
I'rCluinin:rv Yield Trial


R+Id nt t;,'d-lilock lDcsignl 

I adiation-I se lificiency
 
Root ItL'nth Il)cnsit
 
I]c C.Nlanac'cnut Progr ,n
 
I,eion, I Surelut line Ivaluation Trial
 
t' "I+ilnllSorhunm Advanced \'ariety Trial
 
Rei'im;,l .Sorehtrn l'rclintinarv Varietal Trial

Sotthcil Nl rican I)c vhlopment Coordination Conference (13ostwana) 
, i Arid In~ood (ifin Research 1"d )evelopment (Nigeria) 
.Scrui-Arid Iropics
Scoti-Arid lropic:ll (rps f-tormation Service 
Scottish (rop Research Institute (I K)

Sc!ccivc I)isscruination of Information
 
Sorglum l)iastatic Ulnits
 
Sterilhty Mosaic
 
Syrian Ministrv o AgericultnrC and "grarian Reform
 
Sorghum Population Adaptation 'Irial
 
Single-Plant IHlk
 
Single-~liant Progcies 
Snmut-Resistant (omposite 
Single Soperphosphate 
laIngential Abrasive l)chulling Device 
Texas Agriculturallixperimcnt Station 
lanzania Agricul tiral Research Institute 
'I richloroacetic Acid 
l'otal Dry Matr 
Tropical Development Research Institute (UK) 
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TG M R 
IN 
INA I 
'IR 1 
I S1 
IS WV\1Alato 

iSAI)IInitcd 
lSI)A-A RS 
U:IN 

VA %I 
\V:\I)N()N 

\\ \ I)M VN 
\\" I 

\V,\.I) I,.N 

\V,\A%! 1IA t 
\,'V\ I 
\VA II )( ) 
\\ ( .,\ S N 
\Vi(ira i' 
W I() 

Thrcshcd (Irain Mold Rating 
Total Nitrogen 
Tamil Nadu Agricultural tniversity (India) 
lahnma Rock Phosphatc 
I ripIC SulCl hOSplhtC 

Spoticd Wilt VIrus, 

.StatL- .\fco;; tar nictnational )cclopmcnt 
United DlmiteI)cpit lrllct of :\,rieulire-Agricultural Research Service 
[Jnioril Iioacny Nurser\ 

VcSicul1a Arlbscultir Mvcolrrhilae 
\V t A alliaI )owvn\ Mihlc v ()b rvathion Nui "crv 
Wc.t African I)own Ni iht,\ Viaiahilit Nurserv 
\V;Iatc' :\pplicatiol ltticiCM cv 
\Vcst Aflicani Sor)l tlill I )iCeaA I,t ,ciice N urscrV 
W\cst .\flican )ml ' il' l i o1d1tl&iptation frial 
\Vcst .\llA' Sightir Vailct.V Adaptalnll Trial 
\Vttcf I)cl cil (octtlicic i 
\cst and (cital Alrican Sorgioi Rcscaich Network 
Whitc (iiril I'optlatiori 
World Health ( )rtuli/ation of the UJnited Nations 
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Cummulative list of currently cultivated ICRISAT cultivars 

and parents issued before 1987 by the PMIC. 
IWRIS.. I RCh-aw,
 

riginal 11,111c 
 Iilac 11,111c RcJiliIk Not ceSo-hrghu~m culti+ arw/ %,ritcli., 

I V I,,c , cn i, i i a lll,,,41. 84 8 
hS\ /SVc\ 2 I Rch.,,d clilli\iif In .'allibia ((1983). 84, 15 

45 IC\' V\ 1 2 SV I RclcasWd cultikar in /iinbab\.c I985j) 8,6 1 
RccoIII Incndcd wu vlca.c in India (1987)

tANI.--187 Rleascd culikai in Noith Miexico (1987) 

Sor..g h ti hbrid
 
(SII II I'S1 2211 ICS11 153 C51 II Rclcacd ciiltin in 
 Idia (I)8(1. 86/3 

Pearl millet cuiti rs,,'Nar ies
 
I( iV I WA('-('75 Rl ,'scucitttr a Iiri, 
 (I82. 84/1 

Rclc,is.d culi ai il /imibia (1987). 

IIV s()l I(MV 2 'ltim\ ,. Ill lIrciclcac stanC in 84/2I \ MfnI I(AI V 3 -scncuval 

I('IN -- I); If(N 's' 4 I( S 073 Pcl 'cid,.iict, in India (1985). 86/4
I \\ >,1() I(A\IV III MV WI 

I \I ))2 I(''MV o I l iV 8002 Releas.d culti,.ars in Niger (1985). 
86/5 
86/6SI\I\ 139. l()' I\ I I 'S 81)4 8t/ 7 

P.-Irlmuill nimile-sterile lines

,I ', I(\A..\ I Parent of ICMtt 451 
 86, 8
'.RI 13MIHI 86,8I'.-I(A 4 	 Parent of ICMIf" 501 84,3, .lli 	 I(' If 4 

84 3 

( hicklea ctllivars/ arietie,

I( ( .4 I'('V I ICCC 4 
 Released ctiltiiar in (injarat State, India 84 9 

11983). ard Ncpal (I ), I1('('( 32 I(('V I(Ir Ilcic ill ('cnt I ald \Of thCSt Plain 86. 11 

Pigeonpea culfivars/vairielies 
(' ,863S? IR'A V I Maruti Rl'L-)IIIl-)MtC(I \ ( I'll' a,, S 	 IL'LL Of 84 11 

ictsD,I i l I (/ S 'Pd Ili m lIIillIm ).
I<clcas,. inrK., . ka NatL. India (1985).

IICPI1, 87 1)rageati r;ttri. h~th-\ ,.'h(iri!. '.ilit". 86roi-tf8, 9 

W PI 151 I('PI. 151 .Jagriti S iotll-dllttIIi , hili.l--' ,tIifi \,:l iC V 86 II0 

(rollndllt c 	 lliari/vuarieties
Rohm 33-1-7-4 JlGS I '\ ,.'clctn ion 	 I)l( ih"ch' ,,Cd aS Spring 86 13 

(irondnit 4-;In 'iurilah Statc, India (1986). 

Robint 33-1-18-8-HI3 IcGS II ICGS II 	 RcL'a,,d tn pontiii -a scoai cilliatoll 86 14 
in ('ciniill ,iandll niurilrsl l dil I1)9 O). 
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List of ICRISAT material identified by the 
Plant Materia! Identification Committee (PMIC) in 19,17. 

()ri ail 

MIllIC 

I('l ISA I 
flilic 

Rclcalc 
r ll e Rill'a rk' Notice 

SorIhum cultiar uritt) 

S\ R IC'SV 145 IL'S\ 145 R itarnt to S(ri,,a a.siatia in India. 
Recommended for ctltiiation in Striga 

Cndenuic ilCa, f Intia, cxcept Karnataka. 

S7/ I 

Pearl millet h.',brids 

1(':\I11 451 

1('M I 501 

ICNIt 451 

ICMH 51 1 

ICMII 451 
(,I t 179) 

CM 11 501 
(Ml! IX0)) 

Rce',enl edctltir; in India 1980). 

Relciised cult,.r in India (1986). 

87/2 

87/3 


