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ICRISAT's Objectives 

To serve as a world center to improve the yield and nutritional quality of 
sorghum, pea,'l millet, pigeonpea, chickpea, and groundnut. 

To develop farminig systems which will help to incrc:se and stabilize 
agricuItUral prod uction through better use of natural and human 
resources in the seasonally dry semi-arid tropics. 

To identify socioeconomic and other constraints to agricultural (level
opment in the semi-arid tropics and to evaluate alternative means of 
alleviating them through technological and institutional changes. 

To assist national and regional research programs through cooperation
ar.d support and to contribute further by sponsoring conferences, oper
ating irternational training programs, and assisting extension 
activities. 



About This Report 

This eighth Annual Report covers 1Y years (June 1980 through 
December 1981) as a transition from our crop year reports (1 June to 31 
May) to future report;ng on a calendar year basis. Because of the 

different normal and e-perimenmal growing periods of our five mandate 
crops and the need for time after cropping seasons to analyze data, some 
of the reports do not cover the entire 1 ,' years. The period under report 
is mentioned in each Program's introduction. 

This year we have also changed the format in the crop improvement 
programs from reporting by separate disciplines to interdisciplinary 
reports on problem areas, which better reflects the interactive nature of 
our scientists' work. 

This Annual Report includes work done at ICRISAT Center near 
Hydembad, India, at research stations on the campuses of agricultural univer
sities in four different climatic regions of India, and at national and inter
national research facilities in the 10 countries of Africa, Latin America, the 
Middle East, and Australia where ICRISAT scientists are posted. 

Detailed reporting of the extensive activities of ICRISAT's many 
research supp.irt units is beyond the scope of this volume, but a compre
hensive cov.rage of ICRISAT's core research programs is included. 
The work reported here is written up in more detail in individual 
program publications, which usually are available from the particular 
research program. Individual program offprints of this Annual Report 
are also available. 
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ICRISAT's Five Crops
 
Latin 
Sorghum Pellfinetm 

icolor anericanntt 


(L.) Moench (L.) Leeke 


English
 
Sorghum, Pearl Millet, 

durra milo, bulrush millet, 

shallu, cattail millet, 

kafir corn, spiked millet 

Lgyptian corn, 

great millet, 

Indian millet 

French 
Sorgho Petit mil 

Portuguese 
Sorgo Pain o 

perola 

Spanish 
Sorgho, Mijo perla, 
lahina nhijo 

Hindi 
.lowa r, Baj ra 
jaur 

0a/anu'. 
caai(1..) 
Mil sn. 

Pigeonpea, 
red gram 

Pois d'Angole, 
pois cajan 

Guando, 
feij 'o-guand o 

Gaundul 

Arhar, 
tur 

vii 

Citer A rachis 
arietinuln h.i'ogaea 
.. L. 

Chickpea, Groundnut, 
Bengal gram, peanut 
gram, 
Egyptian pea, 
Spanish pea, 
chestnut bean, 
chick, 
ca ra va nce 

Pois chiche Arachide 

Grio-de-bico Amendoim 

Garbanzo, Mani 
garavance 

Chana M ungphali 
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ACT Arhar Coordinated Trial 
AICMIP All India Coordinated Millet 

Improvement Project 
AICORPO All India Coordinated Research 
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AICPIP All India Coordinated Pulses 

Impro',ement Project 
AICRPDA All Injia Coordinated Research 

Project for Dryland Agriculture 
AICSIP All India Coordinated Sorghum 

Improvement Project 
APAU Andhra Pradesh Agricultural 

University 
APT Advanced Population Trial 
BBF Broadbed and furrow 
BHC Benzene hexachloride 
BYMV Bean yellow mosaic virus 
CFTRI Central Food Technological Re-

search Institute 
CIAT Centro Internacional de Agricul-

tura Tropical 
CIYT Chickpea International Yield trial 
CMV Cucumber mosaic virus 
CRISP Crop Research Integrated Statis-

tical Package 
DONIAH Disease Observation Nursery for 

Improvement of Advanced 
Hybrids 

EBFS Ex-Bornu fuli-sib 
ECODEP Economics Data Entry Program 
ELISA Enzyme-linked immunosorbent 

assay 
EMS Ethyl methane sulfonate 
ESIP Ethiopian Sorghum Improvement 

Program 
ExVT Experimental Variety Trial 
FAO Food and Agriculture Organization 
GCVTI Gram Coordinated Variety Trial 
GENSTAT General Statistical Package 
GIET Gram Initial Evaluation Trial 
GRS Gezira Research Station 
HAU Haryana Agricultural University 

IARI 

IBPGR 

ICAR 

ICARDA 

ICCT-DL 

ICCT-DS 

ICRRWN 

ICSN-DL. 

ICSN-DS 

IDMRS 

IDRC 

IFDC 

IITA 

ILCA 

ILT 
INIA 

INRAN 

Indian Agricultural Research 
Institute 

International Board for Plant 
Genetic Resources 

Indian Council of Agricultural 
Research 

International Center for Agricul
tural Research in Dry Areas 

International Chickpea Coopera
tive Trial-Desi Long 

International Chickpea Coopera
tive Trial-Desi Short 

International Chickpea Root Rots 
and Wilt Nursery 

International Chickpea Screening 
Nursery-Desi Long 

International Chickpea Screening 
Nursery-Desi Short 

ICRISAT Data Management and 
Retrieval System 

International Development Re
search Centre 

International Fertilizer Develop
ment Center 

International Institute of Tropical 
Agriculture 

International Livestock Center 
for Africa 

Inbred lines test 
Institute Nacional de Investiga

ciones Agricoles 
National Agricultural Institute ot 

Niger 
INTSORMIL, USAID Title XII Collaborative 

Research Support Program on 
Sorghum and Pearl Millet 

IPMAT International Pearl Millet Adap
tation Trial 

IPMDMN International Pearl Millet Downy 
Mildew Nursery 

IPMEN International Pearl Millet Ergot 
Nursery 

viii 
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IPMRN 
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Org,.nization for African Unity/ 

Semi-Arid Food Grain Research 
and Development 

Organisme Regional de 
Developpement 

Office de laRecherche Scientifique 
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Scientific and Technical Research 
Office) 

Postentry Quaratine Isolation 
Area 
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PMEN 
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PSYT 
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VPPIT 

Pearl Millet African Regional 
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Pearl Millet Ergot Nursery 
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United Nations University 
Uniform Progeny Nursery 
United States Agency for Inter

national Development 
Virtual Address Extension/Vir
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Village-Level Study 
Vegetable-type Pigeonpea Inter
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Introduction 
Since ICRISAT's establishment in 1972, farmers in the semi-arid tropics 
(SAT) have been watching our experiments with the hope that some day they 
would be able to benefit from them. In the period of this report (June 1980-Dec 
198 1) we took a significant stride in that direction-by transplanting to the farm our 
field successes with improved technology for the deep Vertisols in areas of assured 
rainfall in India. The technology has several components, some developed by us 
and others refinements or modifications of existing practices. The on-farm 
project was launched on a 15-ha area of deep Vertisols in farmers' fields at Taddan
pally village, about 43 km northwest of ICRISAT Center, in collaboration 

ICRISA T'.. DirectorGeneral distrihuies to 7udhanpallI fartmers leaflets on the hIstitute'sproposalfor 
tranifsirol'improved technology to tiheir.fiekls. The farmers agreed to the proposaland thepro.iect wvas 
succe~s/ldl.u Iawlched with their participation. 

'VI 

Vk : 



2 hItru heiio'n 

I'o/ictmakers ftom Indian, tate, visited I(RISA Ta1nd Iddanpallv to discuss thefeasi)itbVf taking 

our iniproved technologi, to their taties. ]7hev also saw experiments at our remwar'h.fizrmn above. 

Village scene near ICRIS, T'.s new Sahelian (',ter, about 35 ki south of Niamev., Niger. 

.,, '.,.-

& ':': 
; i : ,,- t ;-'7. , "7. 

~ •~ 
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with the Department of Agriculture, Government of Andhra Pradesh; the 
Medak dis!rict officials: the All India Coordinated Research Project for 
Dryland Agriculture; and the Andhra Pradesh Agricultural University. Both 
the participating farmers and their neighbors were enthusiastic about the extra 
crop produced in the rainy season when this land normally remains fallow, and 
about the substantially increased profits. This success in technology transfer 
prompted teams of policyma kers and agriculturists from six Indian states 
where large deep Vertisol areas exist to approach ICRISAT to discuss the 
feasibility of taking the technology to dieir states. 

This year again we have intensified and expanded our research activities in 
the semi-arid countries of Africa. Through an agreement with the Government 
of Niger, we began work on theestablishment ofa Sahelian Center on a 500-ha 
site, about 35 km south of Niamey. In dutie course the Center will be the base for 
ICRISA l's work on millets and groundnuts, and on farming systems asso
ciated with these crops, in the Sahelian region of Africa. 

On a request from the Southern African Ileads of Government, we sent a 
fact-finding mission to the SAI)CC member countries to examine the state of 
research and development of ICR ISAT mandate crops. Based on the recom
mendations of the mission, a strategy is being developed to provide ICRISAT 
support to thesc Cou ntries. 

Our Genetic Resources Ulnit 
added 7190 accessions to out'r Aview / l IS., T ni'dium-term colds.torueL 
collection, raising the total to latcility where the Instituic' ifermpulasm i. 
71600. Although we now have stored. 
the largest number of samples of , p 
our manuda te crops asscembled it .......
 
anty One place in tile world, there 
are still many regions to be 
explored. In collaboration withregional ind] nationlal gene 1. ............ ...
banks, we have embarked on 
n11ultilocation evaluation of, ourt!""'-[i 

germplasm in orde, to chiarac- .... n...l. 
terize it at or near its place of -
origin to determine its full ........... 
potentil.I. 

Our sorghun and pearl millet ..... 

experimental varleties and cul
tivars continued to excel in both 
national and international trials. 
Our sorghum hybrids entered 
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IIL
 

TIiuN
uear we succeeded in id e'nti/lving kahuili-t.upe chickpea Iines,resisat tof.wsriun i lt n /t e e 
I('C'I.-,€IO(I, is shtown ah.ve. 

regional trials in India for the first time in 1980 and were sent internationally 
for the first time in 1981. Our sorghum and pearl millet varieties undergoing 
national program prerelease tests in farmers' fields in India and Africa again 
performed well in terms of yield and resistance to diseases and pests. The 
Variety Release Cor .,ittee of the Sudan approved the release of our pearl 
millet Serere Composite-2 for general cultivation and renamed it "Ugandi." 

For the first time, kabuli-type chickpea lines with resistance to fusarium wilt 
were identified. Screening for Boiri'ts resistance was initiated at G.B3. Part 
University of Agriculture and Technology, Pantnagar, India. In Ascochy'ta 
screening work at ICARDA. our sister institute in Syria, several promising 
lines were selected. After 4 years of ad'anced testing, one of our medium
duration desi-type chickpea cultivars qualified for national program farmers' 
field testing in the central zone of India. 

One of our first early-maturing pigeonpea hybrids yielded 3900 kg!/ha at our 
H-issar station in the 1981 rainy season. Besides yielding 33% more than the 

adapted check, T-21I, the hybrid matured 10 days earlier than the check. This 
hybrid was one of four produced from two early-maturing cultivars in our 
male-sterility conversion program. 
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I nit experiment to sonie of I/'
I'ariners' Pay. 
In I(CRIS.. I'scinisti 'r.n n l550f/rners who isjitdas on 

in the relatively short span of 5years our groundnut program has developed 
several advanced breeding lines and entered them into national trials. Several 
good sources of resistance to rust and leaf spot were identified for use in 
breeding work. Use of wild species in breeding for developing resistance 
against diseases continues to produce good results. Significant yield increases 
were recorded with Ihi:ohium inoculation. 

We hosted nine workshops, conferences, and specialist meetings in 1980-81. 
And for the second year in a row we organized a Farmers' Day, to which about 
1550 Indian farmers came to see our experiments and discuss their practical 
field problems with our scientists. Individualized training programs were 
completed by 196 scientists and technicians--the largest number ever- -from 
42 countries. 

The progress mentioned above and reported in the following pages would 
not have been possible without the active support of our collaborators and 
cooperators in India, Africa, and other SAT areas; the Government of India, 
Upper Volta, and Niger; and the Government of Andhra Pradesh. Our excel
lent working relationship with many universities and research organizations in 
non-SAT countries also contributed much to our progress. 

L.I). Swindale 

Director General 



ICRISAT's Research 
Environment 
Most of the research reported in this volume was carried out at ICRISAT Center, the 

Institute's main research facility in south-central India, with important contributions 
made by ICR ISAT scientists posted at cooperative stations in India, in seven African 

countries, and in Mexico, Syria, and Australia. As background to our research reports, 

this section presents a brief description of the environments in which most ofour research in 

India is conducted. Pertinent data for weather outside India is listed with experiments 
in the program reports. 

ICRISAT Center 

The Institute is located at 180N, 78 E on 1394 hectares near the village of Patancheru, 
25 km northwest of Hyderabad on the Bombay Highway. The experimental farm 

includes two major soil types found in the semi-arid tropics: Alfisols (red soils), which 

are light and drought prone, and Vertisols (black soils), which have great water

holding capacity. The availability of these two soil types provides an opportunity to 

conduct experimental work on the five crops in our mandate under conditions 

representative of many areas of the SAT. 

Seasons. Three distinct seasons characterize much of India. In the Hyderabad area 

the rainy season, also known as monsoon or kharif, usually begins in June and extends 

into September. More than 80% of the 800-mm average annual rainfall occurs during 

these months, in which rainfed crops are raised. The postrainy winter season of 

October through January, also known as postmonsoon or rabi, is dry and cool and 

days are short. During this period crops can be grown on Vertisols on stored soil 

moisture. The hot and dry summer season is from February until the rains begin again 

in June. Any crop grown in this season requires irrigation. 

Crops. The five ICRISAT crops have different environmental requirements that 

determine where and when they are grown. In the Hyderabad area millet and ground

nut are sown on Alfisols during June and July, the beginning of the rainy season; at 

ICRISAT Center additional generations are taken under irrigation. Pigeonpea is 

generally sown at the beginning of the rainy season and continues growing through the 
postrainy season; an irrigated crop of early-maturing types is planted in December at 

the Center so as to provide additional genetic material for our breeding program. As in 

normal farming practice, two crops a year of sorghum can be grown at the Center, one 

during the rainy season and the other ( i Vertisols in the postrainy season. Chickpea, a 

single-season crop, is sown during the postrainy season on residual moisture in deep 

soils (Vertisols at ICRISAT Center). At ICRISAT, as in normal farming practice, 

these crops are often grown in various combinations and sequences, which we are 

working to improve. The cropping schedule generally followed at ICRISATCenteris 

shown in Figure I. 
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Rainy season Postrainy season Summer 
June IJuly I Aug ISept Oct I Nov I Decl Jdnn Feb I Mnr I Apr I May[ 

SORGHUM 

PEARL MILLEr I 

CIIICKPEA 

PIGEONPEA 

GROUNDNUT 

- ICRISAT cropping periods that correspond to 
farmers' general practice in the area. 

- Additional ICRISAT cropping periods to meet 
experimental needs; with irrigation where 
nccchsnry. 

Figvre i. ICRISA T Centers cropping schedule. 

Cooperative Research Stations 
In cooperation with five agricultural universities in India, ICRISAT has established 
stations on their campuses to test the performance of breeding matei ial under varying 
climatic conditions and latitudes. These are situated at Anantapur (150 N), Bhavani
sagar (I I'N), Dharwar (I 5 1N), Gwalior (260N), and Hissar (29 0N). 

Crops. Our oldest cooperative station at Hissar is also the largest, with 40 ha. Our 
cooperative work at Hissar was started in 1975 to test chickpea and pearl millet in the 
climatic conditions where these crops are mostly grown-a belt that stretches across 
north India (and the Middle East for chickpea, and the Sahelian zone of Africa for 
pearl millet). Hissar also provides I test site for early-maturing pigeonpeas in a region 
where they are increasingly being grown in rotation with wheat. Likewise the need for 
extending the work on sorghum to screen for diseases and pests was met at Dharwar 
(an especially good site for sorghum downy mildew screening), and Bhavanisagar, 
which also provides another test environment for pearl millet at a latitude (i.e., 
daylength analog) similar to the West African millet belt. Our research station at 
Gwalior provides us with an effective screening site in the region where most of 
India's late-maturing pigeonpea crop is grown; this station also provides an alternative 
site for selecting chickpea. Anantapur, our most recently acquired site (1980), is 
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used during the rainy season for drought screening of pearl millet, sorghum, and 
groundnut. 

The Weather 

ICRISAT Center. In 1980 the total rainfall received during the rainy season (June to 
October) was 733 mm, against a normal rainfall of 690 mm for this period. Rainfall 
from June to October in 1981 was 1072 mm, which was 36% above the normal. 
Monthly rainfall and temperature data from June 1980 to December 1981 are pres
ented in Table I. 

Anantapur. Of the 592 mm average annual rainfall, over 80% is spread over a long 
rainy season extending from May to October. However, the 1980 rainy season was 
well below the normal, producing only 193 mm of rainfall. In 1981, the rainfall was 
close to normal, as can be seen in Table 2. 

Bhavanisagar. Normal rainfall data are not available for this station. The total 
rainfall received during June to December 1980 was 415 mm. In 1981 rainfall from 

Table I. Rainfall and temperature at ICRISAT Center, June 1980-December 1981. 

'['emperat ure ('C) 

_ tnfill rI _ _mI Normn lb 1980/81 
Monthl Norin 1 1)81 /8 1 Max NIin Mx Min 

,lune 115 1.11 3.1 24 33 24 
July 171 127 30 22 3(1 23 
August 156 306 2) 22 30 22 

e lphnihvr 181 153 30 22 30 22 
Octoher 67 6 30 20 32 18 

Noveniur 2:3 0 29 16 30 16 
) ) ve v 11 r 6 2 28 13 28 14 

January 6 16 29 15 27 14 
Feh rui ry 11 0 31 17 33 16 

March 13 77 35 20 14 20 

24 3 37 24 18 23 

MNy 27 2 :39 26 3P 26 

lune 115 203 34 24 

April 

35 24 

July 171 209 30 22 31 23 

August 156 218 29 22 28 22 

Se ptei ber 181 287 310 22 29 22 

O1t o 1,r 67 155 30 20 3(0 20 

November 2:3 2 29 16 28 15 

I) ec v m 1,r 6 0 28 13 27 14 

(I. Ba sed on 1901-7(1 rainfall I n . 
1).fjlonoon 11:11 tu.
-(Iijteiii)ratlut! (I|d 
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Table 2. Rainfall and temperature at Anantapur, June 1980-December 1981. 

'l'vinw-traturv ("C!)
It I I t'fiI1II (a111111) -1,"_
HO/81 
M",lth N()rniall 1980/81 

'1311
,J1ly 6 I32.A1G 

A ilgI1l., 7,1 35 

Seiconlbt-r 138 26 

0 Ili,-r 126 67 


NIiviIIhber 36 18 

Ivvii, r 8 01 

h 111ry 7 I 


I, rua ry 2 

Mi rch 5 15 


April 2.1 7 

Mi, 57 I1I 

hin(, !1 


Jhi1y Wi9 112 

Ai igri I 7.1 .18 

S,.lic li'r 1:18 1117 


Ocltoh r 126 1102 

Novi- Ili9r 36 6 


Dlctclnti cr 6I I1 

.Ihiis,'ll ,til Ill !ijo w rvil,il'uill il ;'l.i h. HI;1.1-1 mtl 1931l 

Table 3. Rainfall and temperature at Bhavanisagar, 

iluiililill olin 

Mumlhi 1181. 81 


61 

Iiky 19 


Augiusl 11 

St-lit enldir -12 

rit, 1hwr 136 


NDecii Itr 19I 

,|liiiiliry 
It'iiruniry 
Mirch 9t 

April 9 
MI'y 83 

Jlim 8 

J Itly 7 

A ugilt 1 25 


Svithnlhvr 115 

()hvlwht.r 166

N-iventiber .|h8 

I l((ill 9lbe r 

Mlix Mill Nlix Mill 

3r1.7 24.7 31.3 2.1.8'21.7 :1.0 2,1.2 

:12.I1 231.5 :12.2 2:1.6 
:12.5 2:1.1 33.7 2:1.4 
81 .4 22.5 1,1.() 22.8 

30.0( 19.11 :1,(. " 21.2 
2).1 17.2 311.5 17.7 
:1 ., I 17.3 :10.2 18.3 
33 A1;{., 18.6 34.4I 18.8 
11.8 2 1.. 8 2:1.0
 

:8.1 25.7 39.19 211.5 
:i8.1 25.8 :39.3 2(6.0 
31.7 2.1.7 315.3 25.11 
:12.1 2:1.7 3:.8 24.1: 
:12.4 2:1.5 31 .11 2.1.2 
3:2.5 231.1 21.8 23.8 

31 .1 22.5 :111.2 22.11 
30) 11.9 28.8 11.11 
2!1.1 17.2 27.9 17.9 

-6I ih nllic'rlilrc hiit~. 

June 1980-December 1981. a 

Titnilnruin iirv ('Cl ) 

I81 18
!tr 

NIx %Miii 

33:1.5 27.10 
3:3. 1 26.1) 
12.9 25.9 
35A, 27A., 
:12. 1 24.8 

:(0.1 22.9 

. 21.8
:11.2 
:12.4 IM1, 
:14.5 23.9 

31.9 211.0 
:17.4 26.5 
:12.8 25.5 
:14.6 26.5 
12.8 26.1 

32.5 25.2 

217.2 2-1.927.2 2:I.8 
29. G 20.0 

(j. i10iil'fill mild Ivliic lirau dll f',)r [polis yvlrm stirs- imll lvilihileh folr Mliinvoin i trgll. 
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Table 4.Rainfall and temperature at Dharwar, June 1980-December 1981. -

MltN 

June : 

S,' 

11(Ig ; 
Su Illvil r, 
October 

' ", 

orin 1 

9' 6 

175. 

122 
103 . 

124;13 

Rainfall 01111)rN orm I 

5 NriauMi) 

159 29,1 20.'8 -

202 .265 25 

..19 22 .4 20.1 
127 .28.2 19.6 

29.7 19..1231 

C 

N 0/81i 

'27,9" 'i 21 .2:" 

26'.2 20.7 

'25.6 20.2 
28. 1".7 

19.0 

-

November 
Dueemue 
Jn arYit 

Mair0li 

April1 

.r 

. 

. 
" 

. 

-

18 
12 
.22 
Ia 
9 

18 

y 

7 

2 
1 

. 
0" 
3 

22F-10 -:14 

" 

28,6 
8. 
29.3 ,A 
32.1 
34.8 

36.39-

17.0 
13.7 
14.3 
16.3 
18.8 

20 
,
82 . 1 

29.8 
2(). 3 
28. 
32. 
35,; 

36.9. 

16.8 
I'l 

1 
15.0 
18.1 

20.5- M 19, -0 ,.- ...... 

dliJa 
July 
gut 

So llSvptomlur 
Oqtolbr 
Novomillr 
I) c iul)or 

9 G 
175 
122 

103 
126 
418 
12 

127 
183 
123 

06 
80 
12 
0 

' 29.01 20.8 
.26.5 20.5 
206..1 2011 

28.2 19.6 
211.7 19.1 
28.6 17.0 
28,4 13.7 

27.5 
25.9 
25.3 

27.2 
29.5 
28.7 
27.2 

' 20.6 
2(1.3 
19.0 

20.0 
18.6 
1,1,8 
14.3 

u. Bused on data for the period 1101-50. h. lasud on dnlaifortht period 1972-81. 

Table 5. Rainfall and temperature at Gwalior, June 1980-December 1981. 

' .': .llnfidi(emm) . .I'enim rnture (0C) 
NormIn l 1980/8 1 Nornia W ~ 1980/81 

NMnix M\ill Mllx Nlin 

44 .J 

J.l11 
- August 

S toainm-lnher 
Oc Iivr 

8, 
271 
259 
1112 
35 

.. 

82 
290 
575 
0 

21 

40.8 
34.1 
31.9 
32.4l 
33.2 

30.2 
26.6 
25.4 
2-1.,4 
18.0 

:8.5 
32.2 
32.2 
3.1.6 

35.3 

28.2 
26.2 
25.3 
24l.11 
2(1.2 

Novvmmn her 
1)o...nher 
j it it 
FIe1)ru itry 
%Norch 

A1pril 
N'%nIIIy
j a[1 
Jluly. 

Auitgutst 

Sat!milner 
Octo1vr 
Novvml1r 

1)caclnr 

2 
8 
88 
8 
8 

3 
9 

83 
274 

259 

192 
35 
2 

8 

. 

(1 
1. 
0. 
026.6 

211 

( 
14 
42 ' 

251 

115 

54 
6 

63 

7 

29.4 
24.8 
21.2 

32.1-

38.5 
,12.6 
40.8 
3.1.1 

31.1) 

32.,4 
33.2 
211.4 

24.8 

" 

10,5 
7.2 
7.5 

10.0 
111.0 

22.3 
28.0 
30.2 
26.6 

25.4 

24.4 
18.0 
10.5 

7.2 

29.7 
2.1.3 
23.2 
27.0 
30.,4 

38.3 
41.3 
412.2 
33.1 

33.4 

35.8 
31.6 
27.8 
23.7 

12.4 
8.l 

7.8 
10.4 
15.8 

21.8 
26.7 
29.3 
26.7 
26.2 

25.6 
'14.6 
5.1 
5.1 

a.Ilnauedoaidata for tha periodn19131-60. 

IAW 
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Table 6. Rainfall and temperature at Ilissar, June 1980-December 1981. 

lI nIilill (li1i0 N.,r iwi 19180 Hl 
,Matnh N, rn,4 '' I~i~ It"H,'l i Min \1i .Mii 

h.1 tl0 .11:1 277 li6 27.6 
.i1 v 122 13IH 37.3 27.: 35.4 26.7 
A gustIII .1 :15.,5 26. 1 1.. :16. I 
,8ili l ,r ,I) A5.7 22,1.!1 3G.1 22.4 
O)chdh r 15 8 3.1.6 17A, 3.1.7 17.9 

Nv,,ir 7 2!.1 94.8 28.04 Wi.5 
5 29 .1 61. '22.10. G 

.Ii9r l 4 27 21.7 5.5 1.9 7.) 
Iv hri r\ 15 22 25.) H.I 25. G.:3 
March 17 1:1 :10.7 13.3 261.61 12.3 

A pril 6)1 37.04 19. 1 :17.1 H.:I 
May 1:1 .11.6 2. 11. IA 2.1 

3,1 95 1 I .3 27.7 122 24.5 
Ju ly 122 171 37.3 27.3 14.2 21.7 

AlIgIl.l 1 1.1 594 :15.5 2G..1 35,5 

Sc lihinlvr HI 27 :15.7 2:1.9 36. 2 23.1 
(),- I ,d.cr I 04 3.16. 17.4 33.7 15.2 
NHvtn r 4h1 244.41 9.8 25.9i I 44.8 
I ,ciil+5,r 44 41.,i 22.4i'.70' 2.1.1 

a. llisol' ,mi ditto 1',-r fht,- pvri.,d 1!131-60, 

April to December was 470 mm. Monthly rainfall and temperature data for the peri.d 
under report are presented ill Table 3. 

Dharwar. Data on rainfall and temperature recorded at Dharwar are given in 'Table 
4. During thc: 1980 rainy season (early May to October). 714 mm of rainfall was 
received, w.'hile in 1981 it was 716 m - --the normal rainy season rainfall is 697 mm. 

Gwalior. The 968 rnm of rainfall received during the 1980 rainy season (June to 
October; see Table 5) was 15'j: above the normal rainrall for this period. However, 
during the 1981 rainy season the rainfall for the corresponding period (468 rm) was 
45r"'r below normal. 

Ilissar. At ttissar, 71 % of the normal annual rainfall is received during the period 
from July to September. Rainfall received during the 1980 rainy season (184 mm; 
Table 6) was 42% below normal, while in 1981 it was 19% below normal. 
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GENETIC RESOURCES UNIT
 

The Genetic Resources Unit (GRU) continued 
to make steady progress in collection, mainte-
nance, conservation, evaluation, documenta-
tion, and distribution of germplasm of 
ICRISAT's mandate crops and six important 
minor millets for utilization in the crop improve-
ment programs. Our main emphasis continues to 
be on collection and conservation so that the 
germplasm on the verge of vanishing can be 
saved. 


In the past I- I /2 years (I .une 1980-,1 Dec 
1981) we added 7190 accessions to our collec-
tion. We now have over 71 600 accessions (Table 
I) oi our mandate crops and six minor rnillets. 
Major expeditions during this period were 
launched in Ethiopia, the Gambia. Ghana, 
Mo/ambique, Nigeria, Tanzania, Zambia, the 
Philippines, and severa, areas in India. Detailed 
report on each collection mission is available 
fron GRU. Although we have the largest 
number of samples of each crop assembled at 
any one place in the world, there are yet many 
regions to be explored. Our present areas of 
priority for germplasni collection include: 

Wecstern Africa sorghum and millets 
Eastern Africa sorghiun, millets, pigeon-

pea, and chickpea 
Southern Africa -- sorghum, millets,pigeon

pea, and groundnut 
Central Asia chickpea 
South Asia sorghum, millets, pigonpea, 

chickpea, and groundnut 
Southeast Asia --pigeonpea and groundnut 
Far East - sorghum, millets, and groundnut 
Central America - groundnut and pigeonpea 

We annually review and determine tie prior-
it areas of collection in close consultation with 
crop scientists and the IBPGR/ FAO. Collection 
expeditions are launched jointly by ICRISAT 
scientists and national progam scientists, often 
with the support and close collaboration of the 

IBPGR. The collected material is also shared 
accordingly. 

Almost all the Institute germplasm is now 
being maintained and conserved in the tempor
ary medium-term cold storage at 4-511C and 30
40% relative humidity. Germination tests are 
conducted periodically to monitor the viability 
of seeds during storage. For maximum safety, 
the groundnut seeds are conserved unshelled, 
thus occupying relatively more space. Therefore 
some oft he seeds are still in short-term storage at 
about 181C. This problem will soon be solved 
when we move to our new Genetic Resources 
L.''iratory, presently under construction. 

In collaboration with regional/national gene 
banks, in 1980/81 we embarked on multiloca
tion evaluation of our germplasm in order to 
characterize and evaliate it at or near its origin 
to determine its full potential. 

An important service provided by the Genetic 
Resources Unit is the worldwide distribution of 
gerruplasm to interested workers. Table 2 shows 
the number of samples distributed since June 
1980 to scientists within and outside India. All 

seed despatches abroad are inspected and 
cleared through the Government of India's quarantine services. 

Sorghum Germplasm 
To the existing collection of 17 986 sorghum 
accessions we added 3278 during the report, 
period, thus raising the total collection to 21 264. 
The new additions were assembled from 48 
countries through collection expeditions and 
corr 'spondence. This also includes 847 missing 

IS rumbers in the world collection that were 
recovered from other gene banks. 

A total of 85 1accessions from Tanzania, Ethi
opia, South Africa, Malawi, the Gambia, 
Yemen, Mozambique, Upper Volta, Australia, 
LISA, Senegal, West Germany, Hungary, and 
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Table I. Germplasm collection status at ICRISAT as of 31 December 1981. 

Nuinlhtr of nceess4ionS 
I.Locat illn Sorghu111 Pearl milhot Ilillo pt'l ('hickp(.1 G;ro.mndnut 

A FI, Cl('A 

Algerin () (1 0 16 0 

\ngoli 2.9 0 0 0 G 

Blen in 4 0 0 0 9 

Io(llwlt 190 45 0 0 0 

Ciiniiron1 1 835 171 0 0 3 

Central Africn Rep. 319 58 0 0 0 
Ch11d 138 62 0 1) I0 
C ongo 0 0 0 11 

E gypt 22 0 53 8 

Iqutoriol (uioe ( 0 (I 0 I1 

Hlthiiopil 4 I13 0 0 161 0 

* 11 ii 1 17 0 () 18 

*6h a ;1 1 0 1() 

(uiel 0 (1 0 0 16 
Ivory (onst 1 0 0 ( 57 

Key;n 761 47 64 (1 30 

l.esotho 7 0 0 0 0 

lilirin 0 0 0 0 10 

,ibyl 0 0 0 0 1 

Moligsy HIvpulflic 1 0 1 0 28 

Molnw i 370 223 17 ;3 93 
MNli ill 527 0 0 21 

Minuritanin 0 1 0 0 0 
Monuritis 0 0 0 0 13 

MNorocco 3 01 56 9 

MNozi 11iiilu 0 0 0 0 133 

Naiihia 1 0 0 0 0 

N ig(er 408 1 032 (1 0 4 

Nigerin 
S,ne go I 

1 173 
230 

492 
30,t 

27 
10 

3 
0 

203 
157 

Siurra lonv 3 0 0 0 2 

Son I in 125 3 0 0 6 

South A frica 651) 16 0 0 6() 

Suda i 2 255 168 0 11 (88 

SwI z i I (I (i 0 1 

'T'nnz n1 ii 133 136 5 1 121 

1,1unis il l 
11gan(li 
tUppvr Volti 
Zn ire 

612 
2105 

24 

48 
34 

0 

0 
0 
0 
0 

30 
0 
0 
0 

0 
68 
39 

4 
Zanlihin 210 25 14 0 88 

Z ilnlnlhwe 186 52 0 0 430 

C(of inted 
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N illiht'r" (I' lii'c i inI'

:Afghnii is t 1 
linllghideIh 
litlrlili 
C; I.1llibuodill 

(, I 

9 
8 

I) 

0 

(1 

0 
57 
63 

iI 

0 

G74 
33 

99 

(1 

0 
0 

16 
I)I 

162 

Cylip u 
ndhll 
hIihiiliiiill 
Irii 
Iriq 

4 027 
:12 
7 
'I1 

10 
0 

727 
o 

1) 

1 
.901 

'1 
0 

22 
5 319 

0 
44 099 

18 

5 
1774 

97 
6 
0 

I2 
Silpu 
.inr, lI 
I ta illll 
Mlvlys ii 

2ilt2 
11 

179 
0 

0 
0 
0 

71 
0 

0 
0 
0 
0 
(1 

,18 
0 

24 

18 
0 

,I1 
50 

0 
63 

N(pl 
I k is, iLIt 

I 'lliiippillin' s 
s, 11i .'rthiill 
Sim IthiNr' 

8 
29 

5 
I 
2 

5 
1 
0 
(l 

1116 
15 
11 
0 
0 

77 
150 
0 
0 

0 
0 
16 
0 
(C 

Sri I;rii 

S rli 

'Iiwli. ('Chiiln 
'Ti lunlld 
lturlw, 
,iii 

Y 'Iliiil 1)10 

25 
,I 

13 
5 

51 
27 

1 

( 

0 
) 

0 
(C
0 

66 
0 
3 
7 
0 
0 
01 

13 

13 
0 
0 

135 
02 
(0 

17 

I 
36 
10 

1 
0 

I; Ig11111l 
]I" In"'I11IIu 

1Oi IIi 
C ', I'cIt it vii kin 
F Ii11, 
(ru'inl IiC 

I 

0 
0 

5 
(1 

0) 

0 
( 
( 
(1 

0 
0 

0 
1) 

20 
0 

(1 

5 
8 
1 
1 

3 
0 
0 
0 

IIui1g;Iry 
Ill ly 
Ilrii ugi 

1 
22 

8 

0 
0 
0 
0 

0 
0 
5 

25 
4 

30 
4 

4 
2 

0 
0 

Spitill 

1; K 
USR 
Yiigoslliin 

3 
I 

6 1, 

0 
0 

12 
0 

0 
0 
2 
CC 

78 
0 

98 
2 

1 
0 

55 
0 

Co t inue d 
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Table 1. Continued. 

Number of accessions 

Location Sorghum Pearl millet P igeonpen Chickpea Groundnut 

TilE AMERICAS 

Argentina 16 0 0 0 228 

Bolivia 0 0 0 0 94 

Brazil 0 0 7 0 322 

Chile 0 0 0 138 12 

Colombia 0 0 5 1 0 

Costa Rica 0 0 0 0 1 

Cuba 3 0 0 0 11 

DlminicnI Rep. 0 0 6 0 0 

Ecuador 0 0 0 0 2 

El Salvador 1 0 0 0 0 

French W. Indies 0 0 4 0 0 

Guatemala 6 0 0 0 0 

Guyana 0 0 7 0 0 

londuras 1 0 0 0 4 

Janmaica 0 0 18 0 1 

Mexico 234 0 2 360 6 

Nicaragua 
Paraguay 
Peru 

1 
0 
0 

0 
0 
0 

0 
0 
5 

0 
0 
2 

0 
118 

72 

Puerto Rico 0 0 45 0 21 

rrinidad 3 0 22 0 6 

Uruguay 1 0 0 0 24 

USA 1 867 48 3 109 1692 

Venezuela 1 0 15 0 12 

AUSTRALIA AND OCEANIA 

Australia 28 4 47 0 45 

Fiji 0 0 0 0 2 

New Guinea 1 0 0 0 0 

UNKNOWN 397 11 0 233 2502 

Total 21 264 14 340 9697 12 375 9911 

Minor millets collection at ICRISAT 

No. of accessionsSpecies 

1241Eleusine coravan (finger millet) 
1160Setnria italiva (foxtail millet) 

715t'anicun miliaeumin (proso millet) 
243lPanictum sumemtrensr (little millet) 
380lchinochloa cri.%gallh (barnyard millet) 
300Pas81 loom s (robiic;:latuin ( kod a maillot) 

4039Total 



Table 2. Germplasm distribution from I June 1980 to 
31 December 1981. 

Nc'. 	oft' soinph.,s disiributo~dpi 

Ur- i)11dia India Plot II. 

Sorghin 5 276 1'21746 898 

IPenrl inillet I 875 2 4131 4 30). 
g v4) 1p n : 197 I 01(0 I 207 

I'it-klwit 5 72,1 12 9412h 18 G6 
(r u n i uoi) 5 09 1 721 5 2:11) 
Minor 1ilhts 3 9)96 1 982 5 978 

Tlt: 21 577 20 987 51 561 

li.T h 	 f i r s uI lo ii cib u th ' v r 1;5 10 0) 
S:1n1lh,, 	(01fg rill llsup~pli(.d to;IC(URi"AT 

iz!ists.
 

h. I) 3:.1 amuplhs wire suppliedt Ito ARI)A, 

ILesotho were planted in our Postentrv Quaran-
tine 	Isolation Area (lEQlA) for inspection and 
release, 

Pointed coliections organized in the Ciambella 
area of Fthiopia and inlnorthern Nigeria resulted 
inacquisition of a good number of zera-lera, 
katiri, fia acces-ra-fa ra, and gfinrcense sorghurn 
sions. These are highly prized for their agro-
noriiC superiority, including grain quality. 
Other expeditions during the year were to Zamn-
bia, NIo/anibiqe, TanI'a, (Ihana, and India. 
1o ricet the increasing requests for seed, 7824 

accessions were selfed and rejunverlated in tie 
1980 po.,mrainv season and 112 male-sterile lines 
were maintained by hand pollination. A total of 
4850 newly assembled accessions were charac-
teri/ed and evaluated for their iiorphoagro-
nornic claracters dtiring the 1980 postrainy and 
1981 rainy seasons. 

We continued screening sorghi gcrrr.plasm 
for insect and disease resistance in collaboration 
with other prograrr scientists. A number of lines 
were identified as promising sources of resist-
ance to grain mold (236), leaf diseases (148), 
shoot fly (233), stem borer (128), and head bug 
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.4 IV,

,, 	 j,'
 

P 

I 

Three headh of the hi,hl' prized zevra-zera sorglhumn 
gernlfasn collecied in / 98 Ifroni (hll/wl, l 'fEthrqia. 

and nidge (250). These lines are under further 

testing for confirmation. 
We have selected a basic collection of about 

1000 accessions from the world collection, strati
fied taxonomicallyv aiid geographically, based on 
their ecological adaptation at the Patancheru 
location. This collection is being used by 
sorghlm scientists in their eron improvement 
research. [his year the entire Ethiopian 
Sorgh urnmlinprovement Progu n (ESIP) gerni
plasm collection (4479 accessio s) has been eval
tiated and classified in Ethiopia through a 
cooperative effort between tie Plant Genetic 
Resources Center of Ethiopia, ESI P,and ICRI
SA's G RI J. 

l)uring the year we standardized and pub
lished internationally acceptable descriptors in 
collaboration with I113PGR. Inaddition to tile 
data that we have already computerized, tile 
evaluation of important descriptors with pass
port information from IS-10051 onwards was 
carried out and the data were tabulated for 
computerization. 

For an effective and rapid flow of tropical 
gerrnplasm into sorghlini improvement pro
graris around tie world, we initiated an intro
gression and conversion project. At present we 
are in the process of converting zera-zera land
races from Sodan and Ethiopia to photoperiod
insensitivity. These landraces are highly prized 
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for their superior agronomic characters, yet they 
have been of restricted utility because of their 
photoperiod sensitivity and plant height. l)esira-
ble 1:* segregatits have been selected ,n.dplanted 
to make the first backcross using iera-/era lines 
as recurrent parents. 

Pearl Millet (,errplan!Upper 
With the 748 accessions added this year. our 
pearl imillet germplasm total rose to 14 340. The 
new additionus are from Sudan, Botswana, Zim-
habwe, Zambia, South Africa. ipper Volta, 
('ameroon. tile Gambia. Nigeria and India. New 
additions I.,;iwild species of ennisettm are 

I'. schieii,liirlhi collected froin Sudan, P. 
mnulrcJ.%laehyeumIfrom Mysore Ulniversity.' India; 

AA 

and P.violhWeUm from Mali (5), Senegal (3), and 
Niger (3) collected bv ORST(IOM. Furtheraddi
tions to the aIreadV existing wild species are P. 

puIPureufi, P.IP0(l.tAUChreIn, P. iw'dln,'lhM, 
and 1'. hole'nacA'ri. We also received three 

induced autotetraploids from Andhra Iniver
sit'. Waltair. India. 

A total of 829 pearl millet accessions 1fmm 
Glhana, Italy, Mexico, Ioambique. [ln/ania, 

Volta. and USA,were planted in l!EQlA 
f0r quarantine inspection and multiplicattion. 
A nother 4826 accessions were te'itventa t'd for 

seed increase. A total of 9112 accessions were 
evaluated and characteri,ed for variotis mo'
plhoagronomic traits during the 1981 rainy 
season. 

As part of our collaborative multilocation 
germplasm evaluation program. 343 diverse 

ef i'earl mille'ti A '/1( gee'e' flic divei I'.tr.1h/'ad.e e/".en ' hl drac'e.s 
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pearl millet gerinplas l lies from 16 countries 
\%'ere e\aluatd at Kamhoinse and Bobo
l)iouh,sso, ipper Volta: Maradi. Niger; and 

axa a, 

and I'R ISA I (enter in India. Ihe data are now , ."+
 
B l M i s i l g i t l l' sh l la, lfi , l1t1tg a p ur1, 	 ,, 

etng analed.l, 
Sotina IIP-6271 IW-242) fonl Mali %as fo lund 

to he consistently good in tUpper Volta, NigePr' 
anrid India. Our hleede.s crossed it extensively 
\with seiautl adapted lilnes. Sotna (IP-5870) 
ll0t1 Scere.gal. (6ilonri (IfI-6352) from Mali , 
I ;ialln tgi 	 -4a I IP-53X3) anid /.ollgo (I P-5411 ) I rom 
NigLr., Siotlgil Loczal 1onI U lpper Volta. ad . 
IPI-7-14t0 twll laln/alla appeal plOllisilg. IM 

.\Icsi n I '-.10 21 B (i jiaraIt \vas the e;rliest 	 z11 I 

to lho, cr 133-35 	 da,,s) durine both the seaKI,, 
. , 5 Ilcctd l e,,iOt1S tileIlI SlJ C\Clil 5lt 11llt 

1111111 l ch o l is.i loca 1 al 1,, 

I Ile S CCt-StIlked ,CilitrMte.r mloll0d ill lileS col-
IlCCICd IlltlOI la illi Nadn. ILtlil. lt \Cai lls 110\ 
liwcen Iould ill lilies frol the C'entral Af\ric.anl 

i CL.SC C IaiIl t'liItI Inaihitaiier lilies Iot 
5141 .\ i ecen i-lctilied and it being . " "I 
cm I 	 (C " the wicl relain'.\ o1" /i'l d .\tylosiar-ll.d .	 One tlqliva, 

alhicall., itlaitllIamed al I( "IS . 1T GeNII lic Il.crt 

lPigeonipea G;ermlplasm 	 I'lt 

\We 'ol!kctid 318 lnlnldraces 01 pigeolpel Irom 
ILhI l iplLwS *Oll IIIUI/,, .iltid pilllted 1tlst 9697 acccssiLns of pigeonpea are maintained in 

Of themIll I'I.Ql. ot qIaila ntille inspcCtion. 0)tll gene hank. including 882 new addition.,. 
l',nLd L'Illeut is 55,cLIC ClrriLt (tt Ill tile \Wild relatives consist of 144 accessions belong

luliloul 1iili1, Mid tle \CStCIl Mid lastelil ing to 38 species of 6 gencia. .A -I/o.ia m/aeuolata 
(itst Il.d. SCLI, samples ol the tollo ing anLI A. /ali./Waa 1lo'ti AlluStralia and I Hu1lrlme1sC 

\,Ild IcItI.c 5Crc co iccted: .I oia 1/,ic'us. arietv ool .. vi'o/o ili. are anm rg the iew addi
1. 	/111t(714, T'I. a ull '1w. 'I..cV/I' I. .I. './1ll- lions to the secolndary gelle pool of Ca'anl us.
 

"1. 'o/tidill\. ar/Ii' /I 2 Sears we
W/a'A. l". \1,/1%. 1. ., Ill the past I-I characteriied 1916 
/R/Il,l toslt/ +IIlu iill d I'(tllP1 (i ' (mlll . I lie pigeonpea line!,.. ile material included germ
- \ttlappadi I,;geul'pi-," Lsuper- Indian origin stored at Puerto Ricoandknoin for thlir plasm of 
[0r tualit. for dhual \,,tL' collected from the sulbscquently translerlcd to ICRISAT and 
\ttilppadli Ilill sot tile \WCterl (tIhats. Fxplia- newly collected material from Nepall, Bangla
tin, 1100tores, tOltht S.-il.nt \'alle\ in the desh, NIalawi, and India. -fhe photopcriod-
Atlappadi II ill, t"CCaled mall \ AtIl,)/Sia slcies. insensitive Queclslald lilies showcd poor 
I ielLIrI t repot I l lhL oCtlirieni e (11 .l.oIv]o.ia ill expression at IataIilcr and could not he char
tile a tet, acteried properl.. I'hese lities, like other extra-

All teILlines de\cloped at I('RI.SA I elite ear ytypes, must beevailated elsewhere. Several 
brecedcs Iili. disease-iesistalit lilnes iild pest- land races, such is I('P-6982 a ( I('1-2223, hl\c 
tolerant lines 'sere transferred to (,R1' for been identified for their ligh-vielding potential 

cC t'icICation lIIaII1tetClncC. IrescItly. and are currently being utiliied by our breeders.lIInII 

http:I('RI.SA
http:S.-il.nt
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The search for more hiigh-yielding lines with 
good agronomnic background was continued 
with the use of 60 diverse gerrnplasn lines. 

I)uring the report period 1500 lines were 
screened for response Itplhotoperiod sensitivity, 
and 49 additional lines with potential for pho-

toperiod insensitivity have beeni identified. So 
Iar 6040 lines \\ere screened at ICR ISA Iover 4 
yearis, and tle nullber of promising lines Ior 
phttoperiod insensitivity now stands at 787. 
lhis de\elopuent presents high potential fIr the 
s,ider adaptation and utili/ation of' pigeonpea 
arit1und the wo rld. 

Screening Ior male sterility resulted in identifi-
cation o1' two ne% sources: IC I-7 188, an IAR I-
developed late- matmu ring cultivar, and 

I('T-10914, a Queensland selection from Pant 
A-8. which belongs to the extra-carlh-mnaturing 
group, 

In the 1Il)N-I induced mutation (NI: and N1) 
material maintained by our pulse physiologists, 
we identified 14 plants mithitlalslucClt anthers 
and sterile pollen. I hese are no\\ being test-
cossed \\ith the known hetero/vgous male-sterile 
line NIS-3A. If this obsers ation isconfirmed it is 
likely to broaden the genctic base of male-sterile 
parents for fiture ln, I production ,Ain p\brid 
ne mutant \\ith sesame-like lea lets fis s 
been isolated from I'P-X2X9. 

Svstematic screeningsb I( 'R ISAl's paiholo-
gists and entomologists continued. Of several 
gerinplasm lines sciC ,-dfor disease resistance. 
4X \,,re found to be reistant or tolerant to \,ill, 
17 to blight, and 2 to Sterility Mosaic Virus 

(SNiV\). Of 442 lines screened fIr insect resist-
ance. 83 sho\\ed some degree of tolerance to pod 
borer, or p,)dlfly, or both. [or the first time. 
ICR ISA'I microbiologists undertook large-
scale screening for nodulation and nitrogenase 
acti\ ity, which revealed variation among lines in 
nodule number and \weight, and nitrogenase 
acti\ itv. Screening for cooking quality, initiated 
by ICI ISAI biohenists, indicated variation in 
cooking time ranging from 16 ( lCP-8 177) to 65 
(1('I1-7867) minutes across cultivars. 

We coimpleted classification of tle world col-
lection of pigeon pea on the basis of phenology 
and tnorphoagrorionlic characters. A working 

collection has been constitutecd, with adCquate 
representation of the major genetic diversity 
present in the primaryand secondary gene pools. 
Ev'aluation data on 8815 pigeonpea accessions 
are now documented and entered in ICR ISAT's 
computer, using the IR ISAT l)ata Manage
ment and Retrieval System (I l)M RS). (fthe 53 
descriptors recorded. 33 find delinite place in the 
comiputer-based catalog. [he complete list of 
nigeonpea descriptors was published in collabo
ration with I lPl'(iR. 

Our efforts to cross )laotyr,aandAIto'lo.yia 
.A. volub/ilis using style amin pitation and inent or 
pollen techniques have so far been unsuccessful. 
TWO Australian species, I. gramdi/Wia, and I. 

/anceoahta,were successfully crossed with ('a/a
is caian, cv. Prabhat, for the first time. A 
vegetable-type pigeonpea. ICP-3783 has also 
been successful'lycrossed with ,.Atyosia allicas. 
The FIrsare now being grown in our introgres
sion block. 

)uring the 1980 postrainv anid 19X I rainy sea-
Sois, 2690 accessions were rejuvenated and seed 
of most of the base collection and wild relatises 
is now stored in mediuml-term cold storage. 

C 
hickpea Germplasm 

The chickpea germplasm accessions in our col
lection now number 12 375 from 39 countries. 
l)uring the past I-I 2 years, 47 new accessions 
\were collected, 84 w%-ere received through corres
pondence. and 49 were generated through newly 
bred (levelopcd strains at our Institute. 

I)ring the report period 1934 late-matturing 
chickpea accessiOns \were sown at lPatalnchertl 
for evaluation and rejuvenation, and 1000 acces
sions at 'lissar for evaluation. Most olthe mate
rials \were affected by hotrvtis disease epidemic 
at Ilissar, \which hampered evaluation. Tie eva
luation data recorded from 1974 to 1980) on 
about I I 000 accessions have been comtputeri/ed 
in tile IN)NMRS. Tle gernplasm accessions are 
being classified into I I groups based on origin, 
utili/ation, and several characters. 

Some new morphological types have been 
identified in tile course of our chickpea eval Ia
tion and characteri/ation work. A natural 
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llltant that 1; ne to three fiunctiolnaI carpels 
pr fhower and two fhos,,crs per pld.luncle was
 
ob- e iing ourl e'altiatiln and charac tL I
 

.ti, actities. Its ,,ds than tlie RSe ie larger
alsot ,entified itiiormal parent. We,'c a rltaI .tli 

trilhbCd \CillrI. In tIe 'uhli\r ,nni'eri ilk0- 4autto 

tra phoidk \a, SuctceCssIll\ rIIdticd throuI
 
colchicinl application. Ilie ': selcctcd atlotctrtii 

pliids SlhosC'd itncrased Seed \'Ceight and neat
 

n11inil lertilitv and pod Selling. lls work its
 

\,\ell as our iattclllpt t induce mutations hV
 
ethyl ietliane sulffonate (FMS) treatinent has
 

.!clcratcd new "aria.hilitv in chickpea. 

I'ariation i Jpod (in[' laeonl il. rid .IAI.. t,,d'rcri 
t(;roiindnti (Cernplasil colhtied in 1981 irom . ltra.%itraStne. India. 

lI)irrirng the pCriod tunder report '\c added 1608 
siamlples to tie existing collection, raising tile 
total to 9911 accessions. Ihe materLal included (13 accessions), thrips (4), and termites (15). 
accessions o(itllcd ffrom North Carolina State Sonmc gerniplasn lines in collection haveour 
I'iii\C rsity. I 'T\.Indonesia. ('rIrra. and Sene- Shown resistance to llorc than olie pest or dis-
Ual. ts\%ell Ias that collCctCd 1\ ICIISAl in ease. ard seed of these has been passed on to the 
NMlaii. INl.vsjil. iurria. /alihia. tie (Gam1- breeding program for tutili/ation. 
hia. Nlo,iiuhique. the Philippines. and India. [ht grolrndnit dtcscriptors list has been final-
Ne\ \wild specics added to the collection (IIr- ied and is being published jointly \kith the 

il this prl-rod airc ..lrmats hatioaca,A. /ro,\- IBIG(R. Fhe passport descriptors for 8000 
(ll, 1 ,iioitiinoh/, A'. l[/ai'raa. A. he/n] nn/e,. arnd accessionis have bcell listed for omptiteri/ation. 
Itur other \C tunidentified species belonging to 
Sect ionls I . ITon , iandI ~Minor Millets Gerniplasm 

11111O VtlC. 

lhe groindritt iucessions are rcjics rated in I)uring the past I-I 2 years we assembled 499 
preci,,iol ficlds. Miterial is spacc-planned and lie\\v 24 countrics, raising tileaccessions from 
appropriate prot ectilo rImcilsurcs are taken. O)nly total to 4039. A total of 227 of these were planted 

,titMuched plnts iC IIr'\CstCd to a\oi(l Sri,l,, h to illIIQIA ffrom Zambia, lanka. South 
mixture,s. lminp the pcriod under report. 5895 Africa. and Nepal. )uring the 1981 rainyseason 
atCcssions 'l' Iil'.II lPreentl\ 74410 \%C rejuvenaled for seed increase 711 accessionscrC lted. 

acce'sionIs iule couscrscd ini ilediuIrI-tcrri1 cold of proso millet. 343 of [oxtail millet, and 266 of 
Stora ,iee. lirger millct. 

A totail ot 3219 accsSiolrs \'lC'_ Ii \\ith University ofe\altiatcd and collaboration tie Illi
claralctcried lor \airou, iorpho ugroronic mis. USA, \wc characterlied and classified 311 
charactlrs. (elrrllplas, llScreening iII collat'nrna- accessiorns of harnard millet and 301 accessions 
tioni \%ith R ISAI pathologists. \ire'ugists. of kodo millet. Fhis joint caltiation effort will 
iand el re,sulted idelrtifikie line s be contiritied.t ln gi",Ist, ill 

tc,,istailtor tolclant to rst (2). late leauf Spot (I0), 
velho, Imold 3). mlid chimp \irus (5). n)rilone 

llit\C scd trasniision 
ptIInt Inottle ims. l(*RIS..\] Lootoingohogrss 
ilne appears to rio of 

, 
Iookinlg Ahead 

I\t'tfound se\terill lines \with lesistairc tr iiissils ['()tinted and other general collectoni missions inl 
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genetic diversity areas will he undertaken in the 

ftt tire depending on the progress made in the 
priority areas, the availability oif funds, and 
clearance froia the countries concerned. 

The new genetic resources laboratory builing 

is ulnler construction with financial aid f'rom 
Japan. The laboratory will he fully equipped 
with the lItest cold storage chahllbers and f'acili-
ties with Asian l)evelopment Bank aid. 

FaIluatiO n and scrTCning of1all our germ-
plasm will he continued at I('RISA Center in 
collahoration with other crop improvement 
scientists. Special efforts to evaluate onur germ-
pla sin at or near their center of collections will 
c tiintic. 

The development of, Genetic Resources 
regional centers in West and Fast Africa is being 
considered. The first regional center may he 
estahlished at the ICRISAl Salhelian Center, 
Niger. Regional centers would help in the eva

luation and conservation of the ge1rrnphl ill tor 
near the area of collection or Origin and would 
also 'acilitate more inanageable germplasm 
mohiliiation. loss (If'germplasm due to quaran
tine restrictions and re.ecetions would also be 
Ininimi/ed. 

For an effective utiliation of tropical germ
plasm in various crop improvement programs, 
the introgression and conversion project will be 
continued. 
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During the period under report (June 1980 to Insect Pests 
Dec 1981) the SorglumIn Program arrived at its Shoot Fly 
full complement of scientists at the Center, 
enhancing our ability to meet our sorghun Biology. At ICRISAT Center shoot fly (Ahe
improvement objectives. A major effort during r,otia soccata) monitoring continued through
til first few years of tihe eighties will be the out the year with fish-ineal-baited traps. In 
development and improvement of .-ch niq tes to collaboration with the Max-Plarick Institute, 
screen for major problems limiting yield :ind Munich, we studied the attraction to fish-meal 
stability. extracts of shoot fly. Five extracts -FM 130, 

In alln effort to internationalic the sorghum FM 131, FM i34, FM 135, and FM 136 -were 
program, we have identified geographic fu nc- tested iii traps placed 25 il apart and replicated 
tional regions that a.re ofanappropriatesiteand four times. FM 134 attracted about eight times 
continuity for eflcetive coordination of resea rch. more shoot flies ihan raw fish meal. Tiie other 
Each region has been subdivided into adaptation four extracts did not show significantly better 
/ones, and priority problems within each /one attraction than the raw fish meal. 
have been identified. This concept has been 
mdely reviewed and accepted, and a beginning Screening for resistance. During the 1980 
has been made towards its implementation. rainy season and 1980,81 postrainy season, we 

Ilybrids entered regional trials in India for the tested 323 germ plasm lines previously selected as 
first time in 1980 and \were sent internationally' having low susceptibility to shoot 1lN at ICRI
for the first time iii 1981. Sonic of the ICRI SAT SA I Center. and 195 lines selected from these 
developed best seed parents for hybrids are were retested at Hissar during the 1981 summer 
already being evaluated in hybrid combination. season. Of these, 23 lines showed a consistently 
Ne\V Soulrc.s of resistance have been identified low-susceptible reaction in all three tests. The 
and in sonie cases for example grain mold, three best lines w\,ere IS-2162, IS-2205, and IS. 
midge, and shoot fly resistance is being devel- 5566 showing 31, 39, and 43% deadhearts, com
oped in plants with good agronomic traits, pared to 88 ', in tile control. 

I\\o important events held at ICRISAT in In addition, we tested 2668 lines from our 
1981 \\Iere tile symposia. -Sorghuim ill thie ight- geriiiplasin collection diring tile rainy season 
ics"' anid "SorghH rn (tirain Quality.' sponsored using infester rows and fish meal, and selected 18 
b\ the IVSAll) litle Xll ('ollaboratie Research low-susceptible lines for further testing. Of 73 
Suipport I'Mromranl on Sorghm11 alnd I'earl NI illet glossy and 27 nonglossy lines tested in the pos
(INISORNI I.). tile Indian Council ol Agrictl- train\ season, 50 glossy and 9 nonglossy lines 
tural Research (I('AR). and I('R ISA (see showed low susceptibility to shoot flh. Among 
Internatiota I ('onperation section of tiis the glossy lines, IS-2122, IS-5613. and IS-8977 
Ainnal Report lor details.) showed less than 30(' deadlieart incidence. while 

Additionally this year. scientists ill all disci- among the nonglossy lines only IS-5635 showed 
plines of the Sorghum Program have increased similar !ow damage. 
their contriblutions to the training program as 
lecturers. as ad visors for thesis problems, and as Breeding for resistance. A component analysis 
partners in cooperative work with visiting was done on factors contributing to shoot fly 
scientists, resistance: trichome intensity, glossy intensity, 
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eggs laid per plant. and percent deadhearts. I.ow 
shoot fly incidence was fond to be highly asso-
ciated with the glossy seedling trait, indicating 

that this trait contributed to resistance. On parti-
tioning the correlation coefficients into their 
direct and indirect effects w\c found that, 
although the glossy trait was highly associated 
with shoot fly resistance (r = 4935), it had very 
little direct effect on the resistance (r= -0.166). 
This suggests that the glossy trait might be ai 
indicator trait for some other trait that coiltiib-
utes to shoot fly resistancec. The presence of the 
glossy trait was fonid to le iegatively correla ted 
with yield (r= 4).453). This requires further 
investigation, 

In Carly 1981. ; shoot fl nulsery of ncarly 
39)0)progenies was planted ;it Ilissar. About 28I 
ilnes siOo\cd IoW stuSccptibility. In tile StlrrliCr 

Seallsl, ir obscrvatioll ntirserV oft643 advanceo 
promising shoolt fly resistant lines \\as planted at 
lilhaalaisaal to as"ess their agrorrornic pcrlor-
Iliace anrid 271 progenies \\crc selected for 
further ttsting. 

Interia-
tiornal Sorghuml Shoot Fh Nursery (ISS[ N) 
cormprising 20 cntries wsseit to 12 locations in 
Asilt arid Africa. I)ata retured from onll\ i\c 

locations sscrc of atile. since shoot fH\pressure 
at tire other locations \as Io\. Six lines IS-
2102. IS-2263. IS-2291. IS-4 601. IS-17739. anrid 
IS-18390 pcrfIrrncd consistently \scll at all fivi 
locations. IIo\wer. at I(RISA! ( enter these 

ent tics siroh(ahigh tirrdcr 

Multilocational testing. The 19801) 

d susceptibilit\ 
extrCrnClv high shot flY pressure. 

Stem Borer 

Biology. Regular monitoring of stem bhorei 
(07ih iari/tus)moths using svnilietic plcro-
inanc (supplied by tile Iropical Products I asti-
tutut. ILildonl) arld light traps \was colitirrued at 
ICRIISA] ('enter. At lIc beginning of cropille 

seasinI (.l *.)\vhel tire natural population of 
(Oih \as low, little diflrcnce was observed 
betwecn male moth catches iinplicrtmione aniid 
light traps (l1ig. I I ronr tire 3rd \wcck o Aug st 

until April, male mthIi catches in light Iraps were 
higher thall pheromone traps.ill 


Screening for resistance. lic mass rcaring of 

(. lallpht's oi an artificial diet developed a; 
ICRISAI Center for field infestation with lar-
Viae was continucd. I)uring the 19X(O rainy sea
soil, wc tested 2156 ginplasin lines from our 
pre\iolus screenings under artificial larvalinfes
tation at ICRISAT Center, and tinder natural 
infcsta'ionit I issar. At Ilissar, natural infesta
tion \\as extremelv ligh (100'i itliestatiori in 
checks), and onilv I('(' lines were found Io\
susceptible. ,tIC SAI Center 1200lines were 
selected for further screening because of low 
stell borer pressure. In addition. 37 agronmi
cally elite lines, 323 shoot 1l1la\-susccptiblc 
lines, and 21 lines from the 1980 International 
Sorghtim Stern Iorer Nuirserv \were also planted 
aitIlissar. (0f these. 114 lines folrird to be low
susceptible were selected far farther testirgr. 
Another 2359 entries. niostly adlvancd breedilig 
lines, and 504 ne\ ititrodict ilols were also tested 
at Ilissar: 152 Is\-susceptible cntri*e were 

selected. 
Ii)ring tire p'(strainy scason. 1797 lines 

selected froir otr previots screenings \were 
tested unader artificial larvl irlestation at ICRI-
S\] Cenrter. aird 917 lines fotnd to be lo\\
stiscCptiblC were selected for further testing. 

NI Idge 

ioog'. Il (rider to dteerniIIC the best time 
for sI'Ceilig of our experimeiintal liues against 
SorghuiI illridge rila). we(Cuiarinia .,or. 
planted (SI!I-I. tlre susceptible check, and 

IA N-2566. ;ar sistall lite. at fortnightly inter
vals during 15 %liay tt30 September 1980 at 

ICRISA! Center tild ;it l)har\\ltr. Nidge inci
dence arid buildup ol adult flies is showl ill 
Figure 2. 

I)iurnal ;cti\it\ of midge flics Irotiirdll 
sorghum'i heads \a s recorded between 063(0 and 
1830) hr. "l.txinriumir activity \\as obscr\cd 
bcl\\t and 1100 hrat I)hiar\warard 0930cn 10111 
to 1131 hriat ICR II (enter. /'h'lrAlij'tIj.v 
CoinM/atorv.irs. i'lra.ti.'/m.Vspp. and F-ltl/lit. 
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Figure I. Chilo catches in light and pheronione traps at ICR ISAT Center, 1980/81. 

popa were recorded as the most important llitt- found to be higher in plots where infester rows 
ral enemies at ICRISAT ('enter. and midge-inlested sorghum heads were used. 

!o test cultivars against midge under uniform 
Screening for resistance. Major constraints for midge pressure, we covered the sorghum heads 
nea nfingf'u screening Under naturall infestation with a wire-supported muslin cloth cage and 
are the varying day.'-to-day midge populations released 20 midge flies into each cage when 
and stageerc flowering of sorghunl genotypes. anthesis began at the top of the head. Since the 
lo ovelCollmc these difficulties, \we attempted to midge adult lives for only 24 fir, a new set of 20 
dfcvelop methods for increasing the midge popt- flies was released into each cage after 24 hr. This 
:ition a ad I'r sTeeling autler tnifoiifrm illidge method produced over 80% midge damage in the 
pressure. susceptible check CS H-I. Of 40 genotypes (iden

lo increase midge popuhltions, mixed mat ur- tified resistant sources and susceptible checks) 
it,' infester rows were sown inlarge plots (0.25 evaluated by this caging technique during rainy 
ha) 20 days earlier than lie test material Iaod and postrainy seasons, 24 lines appeared to be 
iiiidge-i nfested heads conlitaiing diapause larvae low-susceptible in both seasons. 
were spread along tle inffester rows. Midge In the 1980 ra ins' season we evaluated 1000 
counts were taken oi 100 earlicads at 50"i flow- lines for midge resistance at l)harwar where nat
ering, atd incidence inflorets wa,: recorded 15 ural midge incidence is high. From these, 250 
days after head emergence. Midge im-idence was lines were selected and tested in the postrainy 
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Figure 2. Midge incidence land adult midge fly activity l fortnigitly plantings a(I(CRiISAT Center, 1980. 

season at ICR ISAT ('enter and in the sulnerat call\' evalled a(t RISAI Center. PMR-I 110

hillavanisagar. Of these, 112 low-susveltible I. PMR- 1130-2. PMR- 1134-1, PNIR-1052, and 

lines were selected for furt her testing. PMR-10 I yielded higher than tile CS i-f 
hybrid check. DeKalb Seed Coin panv also 

Breeding for resistatnce. In 1980 rainy season tested 15 low midge susceptible entries at Salto, 
140 low midge sutisceptible lines were agron l10i- Argentina: eight entries showed more t1han 80C' 



seed set apainst 3(l in tle Iocal chuck. Fhese ).1-6514, IS-3574, IS-12573-C. IS-12664-C., and 
eight entriesand IM R-2086-6 and IN1 R-2 108-1 TAM-2566 showed significantly lower (laiflage 
\%erc contriltted to the 1981 All India (ootdi- compared to the check. At I)harwar (India) all 
nated Sorghum Inlpri\ctnct Projct (I\ ('SI P) entries showed significantly lower damage than 
mide nnrserv Io tetitgi ill India. the local check. ILines I.-2816. AF-28, S-girl-

A nidge tnrserY consisting of 1254 progenics MR-I, I).1-0514, IS-12573-C. IS-12666-U and 
Imi difreilt gencratioits \'\Is tested at ICRI- IA NI-2566 had low nidgc damage ratings at all 
SA I (Cente ill tie 198() postraincv sasoi: oly Indian anI Afrliall locatitits. 
221 lines \\LVe leCss >'>ceit+i he. Most 0f the 
ntidc-t s I t lini>' \,e r deri aties fro'm11e 

cii,,,,,sc. ins, in I).1-6514. IS-12573-(C. IAM- ll((l)u~s
 
256. 	 \1-28. and S-eirI-r-kR-1. Iiology'. Ill the 1980h Xl postirai ny season at 

()I 20)0 aiiucC.d IiltOliCs tcstcd tindclcaged ICR ISA F Center. lour hcadbng species. "alo-
CeMtdltiOl. 1. l i noCIliCs SlIosCd los\ I\%el, oh ins wnliklr. ( 'om ii/'.s1 plid.\ Ei-ur'.sil'
ntsccptiiili.\ 0 itiidlgc. NIMOst 01o lCh \tCIrcdet.is- hos vcl/evol'vi. and (CmIol-lomasp e\Cieliund 

ali\C' 1101i ClrOsse ill\oI\ inc IS-12573( rhI 13 danaging nnglitllu carhicads. lheir distributiotl 
linle, \\vCI sciit \ins rCOOperitors in! relation toto' , ill Africa h,:ad iaturiitvand soil type isgi\en 

ttiilter ill lable I.ilI I tin \iiiuha ton tcsiiii., 

rrclinlinar\ inforlmatio \\as collected under 
.Niitilocational testing. I lie 198( Iliterna- labotratorv conditions onl the biology of' C. 
ti ial Snghuim Nlidge Nursery consisting ottI31 one sutau.1 Ild ( allii.+ I lie ( a%.tueaus 
cut riCs s\ila selt t Ii\c locatins ill India and fellales laid alnana-shaled ,'gs ssitltitn the 
,t\Cn it Alrica...\t Kaitbninse WIIprwr Volta) glues alter a prcosipositinl pci,,id of 2 to 4 
tle dittrciucs, b.I.t\,cCi the c0itt1l aitd tile test days. teI eggs hatched iil 7.8 days, ;:id thelfour 
lntriC sseic iuniisieiiliient htosesr. S-girl- n llphal iistars Comtpleted de\ Clo)luctt ill 8-12 

slioMsd l0\%aNlR-I anid IS-12 6,0-( dlaItac h_'Iv- days. In the fiheld, nlt.Xilnt activity \%;as 
l's (12'1 c)MiparCd i CMitrWl (S.Il-I (2-1). At olser\ed froilt August to Septemhr. (. /allidu.\ 
I(CR I.A I (cuter 1.S-28 1. AI ,-28.,-cirl-M R-I. laid eggs in the milky grains alter a proltvposi

'lable I. I)istrilbutimi of flour headhlug s) cies, ill relition t(o iead nwlturit, 1111(lsoil tplit ,ISAl'('enter, 1980h. 

N ,. ' hutg t ilih . ds 
n'I/<J,'iH I. ','Ht ~,itI. {'In lj ,i )lltu I.'Ut~V.sis.Ins 

I 	 ( hI t I 11 a 

A 'iis,t. 	 ;I ,47 	 1Vt -rt is i,I 	 186 2 8"2 1 

(;<v'h '; tgc ,1f ' h1,e;ld
 

h'r';i it ii .-is 2: t '2 0i
 
2.'; ilit is 55 0t 1 0)


50'';, ;It , sis 6:3 1 5 0
 
Futl IIlit s 15 
 1 '1 0
 
iosh ill lits is 39 0 6 
 0 

Mik' 	 87lkygrin 	 0t It) 4 
Ilirdttd igri 8 	 It 10 15ilIInorv4- be.-Igm~iin 	 (0 1(N 4hh 	 8 
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tion period of 2-5 days, , lii.h hatched in ('-8 sprayed areas tha Inhe pesticide-f'Le area an(I 

days. HI" Ii\C 'imphal farmers' fields. We ha,ve been nllitornhl1 adflultu" instars cillIphte.l devel-
opent in 8-18 days. Adult longi vIty wa-is 10.5 populations since 1974. Maximum mothlactivity 

days :,-r i1oile, mi1nd12.0 dass Ior tc._'ules. In the ha, ,el r' cordl in Auglust-SeptiI her. 

fii d, it+e po,"uIatll ill aLI 110111 ()c'lt o' o An initial stlly of the auillectlllit propelrties 

N m.tilbei .	 of lcill (..I 201ir'/Jl( i li c/a) against .A1ihi ll
 

sl\\Cts, that ilcoliolic extiacts troim shell and
 

Screeningi for reistant'e. Ii tlie 1980 inaiil\ seai- kernel poWer decteased the leaf area and dry 

son I1) i'iiiplf"asI lhlus ,electel earlier lor low weight cuisuluipt lo w the larvae ( lable 2). 
of p'wdered.retested. (euui- Alcohlic extract fromlnl a ixt rutire 

iii lines', shwing I - to 'shoot Ilv and Iruit pericarps Was the iIiI;t potclit 1intidfedai.tll 
sutcptihilht to iea'hl' were 

istacll 

stem++ hoircrc alsol evalujlitd lfo ill lie tl-clloice sitluatiOll.\,,'I tHir rectio 

to1hC.,idlui1S diriuIuL the po10stitamvY SeISon. ['lomn 

th1c,,. 30f) litne,, were selccte(h I tr Iunrthe+'r testing. 

[lifltu1tn i silig los\,lsiscepltihilily to [)iseaSCSues 
lie Ih', \were Included ill the International Gri Iolds
 
.S Ie u~tuti lI cad hug Niir',erv.
 

lield screellilng techlniIte. lit our efTorts to
 

Breeding for resislunce. .\ vield tiial consisting inlrolc the ld-sreeuiiuig leclltiqUcs for resleist

of 58 progeni ,thi llslow susctihilily to head- alice touLini molds, inl the 198O rainy' seison we
 

hur,, \s .c t 	 and 13 thlcc iI a randonli+/dIonductel I(' R ISA I ('eCnter colipld tre+'atme+:nts 
ct+'i~u,,re,, fouznd to cis ood sitlhId. It aihead- lock deui lf r their bilitv to( rumtiote 0mo(d 

hue luu"tut'e of .135 test LintI,. tly(+Itads iuced- de- clopiucn tllo, iicltih . g2CnIVpcs: (I) pauni

ill ailn\ illocu liited a ilt of 

e;o1 atl( RISA i (enter. I showe.'d lo.\ 'ils- olli/,i i'. V. n',om''IwI iid ( "'uv/aria 
eiWirtotllI dIrisaties. glos, i thelieosIt 	 cl e, with nri\lic I.utsriui 

ceptihihlit.\ to licadhIis. 	 /mual and the le haggd ft 15 divs to iIcreaIse 
l lmidit 12 uI -eieiIo'culatCd \\ ithI the S;iIc(\ p 


Orixtd i iocuitlnu hut Ilt unhagged. and (3)paiii

()rintal' Ari'iivw rnC ', 10t ioculatd and nt a-eed. All the 
Iral-


IlIlsp,'I. ' is 	 nIlnt, kIt-irriitd on raiil-liCe davSliiihmia .111 arnul. \oracios ,,rc ,pi 

ollilag 1of frontlho,,,eunig\ to grainl mtrity..\lItlu i 'epro-
Ifcedcl g hlii and pilrl millet. Ia'-

val popiilllo ,coi itt t I( 'RISA I e'enter werei dtic.d Ih I _ .li,, of . ratl Mold ilt yCre lot
 

high diiruug A li.unst 198(, 1),:Illg higher in signilicanlh t roiiiteach oillierl.
differenC 	 Iiere
 

\\ia thu, ;Idtl lllit ill ithe laholiiolsll, a 	 ild 
C.XpC,i, "Ir_\+tntCt t +ICl l ;lti0I ll i d hi'I lllu 

--	 MCr ,io inioculilni uanil no l+iggiug. Ilhis \\'it" 

latle 2. Effect of' neei shell tnd kernel pIu,,mder aInd coillnll' i1d ill the 1981 nilllIs-seilson tlials. ("nise..
is alcoldic e\Iratt, on the feeding of .11.ve'Ifla. (tc tly Il.r Ilititi lolitinc scIr Iings s,ill use
 

... ................. onilv spInkler irrigation to promote mold (evel
S;it' :ir''n WY u pitllilit front I'losering to gii llilturitV.
r lvr 

. ..... .. . ... Identificltion of resistlnce sources. Ili routne 

t' Iu i,, r i I .,"-,.:t hfi l scrld lingl Iforrsistaceulll Ising methods (les
lspr1,.I ,wl.,r I I .',I ,i.9 29t.5 .rihed iI our preno0ls reports (ICZ ISAT
 
Siff11-irm-t 133A; .0 ,,AinialI7 RepoIrt 1977 78, P 52, 1978 79. PP 3,:-

Kl frw I x t'i .I 22.3
It,17.1 

97 .9 7.8 39), 32 hrosvn-seuded gerniplist lhes showed<',,t rfl 

SF: 	 high 1escls of rcsitlnce to gral molds. ihe most 
resistallt lutes, wvere IS-I I8. IS-31)7. aind IS
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20727. Most ol these hles were cesista ;it 	 Is, and F(, progenies were evaluated for resisat both 
I(IR ISA (Centel \\ here patic'les \\ele ilocit- tance to grain molds, and 136 entries were 
laled and sprinkl.'r irrigutitioll \%as used to pro- selected lor Inrlther esalhitaton. F" progenies 

oIletimold l(l'cloptnit and at Ilhlaliagili oligitillilg rolt 01H crosses heteell low iold 
ttulict iIlt lil.l tillCttffii cLilld itiolls. l i. itlst ssccpliilhC selc-tions, ;Iaapted arieiC s. ai;(1 
siiilicalt f:I\.,ratioll \as thll te ItsistaicC selecied lhles Iromi elit:geiplisii \\cregrowni11 
%as inaiitainid 1t alt lestI 2 to .3 \,sKs ;fter the rainN scason, and 7019 single-plant selections 
phy",iological iatilllit\ tindel c tildititll, fi\a- WIre tita1d(e. l hlbrids o231 Closses werlelowil 
WC 1t tMdd dC\cl'lllC'llt. and I I l \'+.lel them atd\ncd to the I. ,gellera

tion. A fresli set o 294 closses imtolk ing selected 

.\IhiltilocaHolmaI tesling. lI he 198 Inteli1)it- line¢s froloi gertlplasit and pest- atlid discase
tionlI So+t ll (iitin N'I old Ntlsr\ ",asse lt lresisilt soulces were malde. 
Ciht lltiols ill Africa and Asia. )ata oi 
,elecI.l tI,, ilt ,.ll en It io'n1s. xhere graiti Ierforluuiuilce of aidivanlced v'rieties. :ou ir 
tmold 1) ',, ,ts Lictit st,,ui for iiiatiiigl 11C\ea- \arietics (S(*-l(0-3 x (*S-354 1-3. (SC-l0-3 x 

luatiti oIl the Citrics'. are pies-ted i I aleth3. (S-35 ,1)-19. (S('-l1t-3 x (S-3541)-1, and 
lhcIliles i tOW lIO\\ sScpiibihity to 	 'S(-ltt-3 x F-35-I)-29-2 remained bestdat0oliriH for 

iill muold" of ecIcimlplasiti lilies -35-I. IS- 'ield aId t lill niold resislamce at Il)iatwar. 
1.112. 	and IS-2328. lihaimisagar. and I(R ISA] (Ienterill the 3rd 

year ol testing. At I(R ISA I ('nter tests were 

trtder both lo\-fcrlilit' (20 kg N ad 
210 kg IP( ha) and high-ertility (130 kg N attd 

Selec'tim for moldl rvsit"mmlce inl earl general- 8-1 kg I.() , ha) cotiditionls itt Allisols and Vetti
llm-,m. Ill LateC-Sal' feld sCretCit1g,. 12001:. sils. I lie yield ofIS(- I08-3 x (S-354 I)- 19 was 

Breeding and Selection for Resistnce tcondueted 

I +ae. 3. mt. mold sctres repllicalt% of %eletedl %orghulllliies%in tlie 1980 lterniimlionalIge of fill gr iii frolmI %soi 

Strghtim (,raiin lld Nurser. ait %ari(ushocalitmt . 

N{;Imlwi -4l lw id I'iu l Inlaid raingl/ :It 

ttfp ,r V,,Ii- I l 'if iI niid [li lm ,\'ross -

IffIZf If Farm Simfmif I hIlIf., , ('1ill fh1il ltt tl.r' tlf l ltknjftfdrf "- tfffli,,i 
'it I+Si 	 lu l lflI '+,.,if fiIH if fltIfIgfir Ifif i 

H it~::2 t t 55 t t I I 2 t 22 t 1. 
" 's 2-3 :;t 22 t 1 :1 ::1 1 1 2.2 

i'r I t t -tt a: :i :t :t : 1It 2 -2 2.0 
%t I~r05-;,8 2 ;1 5-5 2 i '22 t .1 :1 :1 2 2 3t.1D 
%IGo-!2 '2 2 2 3-5 2 2 2 1 1:1 NA 2-2 2.A 

1 G;I IW I - 2 3-3 2 -2 :t;1 '1-5 N\ 2-2 2.7 
\1!(fw2.1 2 2 5-5 2 2 2 :; :t .1 2 : 2 2 2.8 

' \ t 5 5 5-5 4 5 '1 I1 5 5 55 11 ' i.i 
f'l- t' ;1 5 5-5 1 2 ;1 : 5-5 5 5 5 5 1.1 

i f i4' w h1f',f wt 5 	 ii w ith,t.. ldm;iI r llI ii. ft f I I lit fvff,i 	 y ltfd 

ft ftf sh r ng k-(doralml d ldIilffri' Hil, 11ff 41' if li i i j i rimvlh, 

N\ :- ilif i f It i fvfIflf11 ' 
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Table 4. (rain yield performance of advanced varieties (luring 1978-80. 

I11ys i11 
I

5,) ',, 11l111llii hl (:rnin yivhd 
- -_______ lligh 1*'rlilily (lt. /Itt) l l Indial d 

ftlwovriitg W.ill ) Il978 1 7 1 t 1) N1{ I' I I L w tvtarttg( 

V1 ri tIrt-ty NI vl'rI il it y' I 79) 118) 

(SC:-lt8-IxC'S-35,-,l )-3; 6,4 15:;1 524110 1835 49 ))2 ,5029) 3,164' 338H 1 :122 

(S(C-IO8-3x.('-15,%II-

(SIV-:52) 
(SC-It 8-3x ':-35--1)-2 
(," I'\-'8 -.I ) 

CSV-.I('..k 

it. 	 ;Avenriget ovo,r : y,\, 

," 1 75' 1'i2 41178 51J28 4162 4 7 89 2051 31400{ 2765' 

-2 7) 111 ,5575 551:1 41(9 508(; 2:150 : 138 2752 

17 I70) 19t)05 4625 4361(12 4 2)97 2(3:3: :1208 2:14:1 

nstr andI lllrvet ]h i 

b. 	 Av'rnigi (dI' rt-)lit'niled I)l ,'i t,l-s f'runm 

(untvr) at higlh '(rtilily (1:30 N 8.1 1 

v. 	 Averigd uvur rIvtl ittin d I-Nlertt lttt 

((V 2,1'!:,) (idAltihs i W V = J\:'-

)ions, 

Hiro'o hivu:litt 

5), (*V = 8 I) 
utidtuttid nIlt 

iil 	 1980. 

. (llh vtuitistgtr, Iluh rwnr, andI('0S\
 

25 ;,.
 
la)w l'irlilily (20) N, 2)) l)',) Vrlisol
 

I/. Avvrrtgud ()v(r :;1:la) lti, , ill Indh. (l ,)uru)dut'td l'rum htt I180'81 A ,ICSII'Roulrt). 

best across ltcations alild fertility condi itions 
(Tble ). 

Performance of )relimintry varieties. Scvcn 
varieties ere evaluIateud for yiel.1 and gratin mo(ld 
resistance uner high-lertility Conditions at 
)harwar, H1havanisagar, and I'RISA ('enter 

and under low-tetility condititons at I(,A I 

('enter. [hc \il] of (SC-OX-3 x (,-3541)-XX 
was highest (6)52 kg ll under high fertility and 
2593 kg ha under low lertilitv) while that ol'the 

variety check (S'V-4 was 4493 kg ha and 2633 
kg ha under hligh and low fertility conditions. 
respecti\'ely. 

Charcoal Rot 

Otr toothlpick inoculation techniqtetor this dis-
ease (,t/cI'r /phu una plh.scolina [lassi] (Goid) 
Ias flilcd to tlect Consistent gcltlype reaction 
over locations or in replicates at the same loca-
lion. This may le d uc to clivirolllental and crop 

managemient actOrs. Accordingly, our research 

strategy now ci)lphasi/es sttdies oftlie relation-

shi1ip betw'Cell moistur ,stress, crop management, 
and disease development as tihey relate to resist

auce screening. 
Our preli1minary results in 1980/8I postra iny 

season Shttwed that severe charcoal rot inci
delic, as measured by lodging, occurred at the 

highest platnt ptpulation of' 266 700 plaiits,'ha 
subjectcd tto moisture stress when the final leaf 

was visible inl the whorl of most planls. These 
experiments are Continuing. 

Sorghum )owny Mildew (SDM) 

Resistance screening technique. At )harwar 
station wlere nviroiinentt coniditiois ale tsu
ally favorabhle or SNIM, we conducted an exper

inient inl I9? to determine the distance over 
which conidia of l'croliscIh,ro.Vwra .Oughi can 
tle dispersed r'l'olli an infection focus and Cause 
infection in su'scCptible plants. The results 
showed that windhorne coini(lia caused 70-100t,* 
systemic infection of susceptible plants placed 

10 i 1n('ron tile s(urce ofinoculmni. It thusappears 
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possible to use the infector-row technique for lines from various breeding projects. In 
large-scale field screening for resistance to SDM advanced screening of 346 lines, 23 lines consist
at Dharwar. This possibility will be evaluated in ing of germplasm and ICRISAT-bred agronom
1982. ically elite lines were found to be free from rust. 

Notable among the rust-free entries were the 
Breeding for resistance. Crosses were made to converted lines USI)A-Texas A&M IS-2816-C, 
transfer SI)M resistance genes from the highly IS-3574-C, IS-6882-C, IS-6906-C, IS-7778-C, 
stable source of resistance in QI-3 and its sister IS-7907-C, IS-7994-C, and IS-12605-C, and 
lines to agronomically elite and genetically ICRISAT lines (IS-3443 x DH 599-77R)-7-1-1,
diverse backgrounds. IS-1331 x E-35-1)-3-2-1, (E-185-2 x 16-9)-4-2-1, 

From 145 crosses involving Q1-3 as a female and (IS-12573-C x IS-12666-C)-2-1-1-1. 
parent, 621 single-plant selections from the F, 
were screened for SDM resistance; 35 lines had Anthracnose. In our exploratory trials in 1980 
the same resistance level as QI-3. These promis- we found Pantnagar, U.P., North India, to be 
ing lines were advanced in the 1980 postrainy suitable for large-scale field screening for resist
season, and 77 single-head selections were made ance to anthracnose (Collotrichum gramini
for improved agronomic characters. vola [Cesati] Wilson) under natural infection 

conditions, as the disease occurred early and in 
Multilocational testing. The 1980 Interna- severe form on the highly susceptible line H-I12. 
tional Sorghum Downy Mildew Nursery We evaluated 24 sorghum lines, reported to be 
(IS DMN) was sent to nine locations, but downy resistant, and the resistance of four was con
mildew pressure was sufficient only at two loca- firmed: IS-2319, IS-4225, IS-9569, and IS
tions (I)harwar and Mysore in India) of six from 18521. In addition, at this location grey leaf spot
which data were returned. At both these loca- (Cercospvora sorglii) and zonate leaf spot (Gloeo
tions QI-3 and its sister lines 2-7, 2-26, 3-23, and cercavpora sorghi) also occurred in severe form 
3-36 were free from downy mildew, and UChV- on susceptible lines and provided meaningful
2, M-36203, and 3-3 had less than 5% downy evaluation of test material. 
mildew infecion, compared to 80-100% in the 
susceptible cultivar I)MS-652. Multilocational testing. The 1980 Interna

tional ';orghum Leaf Disease Nursery consisting
Leaf Diseases of 23 test entries and seven susceptible checks for 

anthracnose, leaf blight, rust, grey leaf spot, 
Rust. Severe rust (P'ccinia pinrpurea Cooke) zonate leaf spot, rough leafspot, and sooty stripe
infection occurs naturally on late-planted, rainy- was evaluated at six locations in Africa and Asia. 
season susceptible sorghum genotypes at Dlhar- rihe best entries, which showed resistance to sev
war, India. We used this location in 1980 for eral leaf diseases, are listed in Table 5. 
large-scale field screening of gcrmplasm and 
breeding lines for resistance to rust, employing Striga 
an infector-row technique. In this technique 
seven rows of test entries were planted between Striga, a root parasite of cereals, isan economi
two infector rows of the highly rust-susceptible cally important parasite of sorghum in Africa 
line, Khundi jOWar, which had been planted 16 and India. Since S. hermonthicais more impor
days earlier. Rust severity, as measured by the tant in West and East Africa, our major research 
percentage of leaf area damaged, was recorded activity on this species is based at ICRISAT's 
at the soft doulgh stage on the top four leaves of West Africa Program, in Upper Volta (see Inter
10 plants in each test row oft4 in. In preliminary national Cooperation section, this Annual 
screening, high rust resistance was obscrved in Report). Research at ICR ISAT Center is on S. 
151 agronolically elite sorglumi lines out of 781 asiaP',w, tile more important species in India. 
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Table 5. Range of leaf disease scoresa of selected sorghum lines in the 1980 International Sorghum Leaf Disease 

Nursery. 

I'vn i ,.llvllst, mind 

Ile (Iig rv evo~ 
AI Jltra v - I ,on I'blsl)1ighs R~u s t 

l"E-;5-I (IS-18758) 
IS-115 
I"-4150 
IS-7322 
(Swira x ('S-387)-,- I 

(S -15.tl x IN-15-2) IS-93;27- I6-1 

1-2 
1-2 
1-2 
1-2 
1-2 
1-2 

2-'2 
1-2 
1-2 
2-5 
2-2 
I-1 

1-5 
2-4 
1-5 
2 5 
1-2 
1-, 

Ui. ta ,ed oil a I toi5 viit ! whore ( -I tit) v ii ptoii linl 5 lore Limit 

(daiiiaigi'd h lythe i li,si. 

n t I i,'ilit ,'M . iro ti I tI'(isirriist,' I. 1)isviaIs' Sci'' h w Ir' l fi i'i it M[ a 

l'niitnaa r (nlin )aiwviia ('Tiilh aid ), I('1I;AT (i'ili'r (iliai ), iand 

mid I('ITl8:\T (tilier fior 

I'lugililia ( hii iiti iles , 

Sl ol d (mil inlll, (MMull 
 iifor Sooly ,trip'. 

Screening for Striga resistance. low produc-

tion by the host roots of a stimulant considered a 
prerequisite for the germination of Siriga seeds 

has been identiflied as a mecha nism for field 

resistance. To verily the relationship of low-

stimulant production with field resistance to S. 

asiatca, we grey' sets of low-stitimulatnt lines in 

.1 A. , ZAMM 

~ ~i ~ ( ~ 

4 
€'.ta 


,,, : 


P-7 


S.I 


S 
- " " .. icnit 


11iiieu-/lowered Striga asiatica (ariiuel) i.a srious 

rloo-larasitia weed '4 . rghunt it- India. Me'crop 

gru'h is.tunted and hea./firitio, ix poor. 

ri'lge'oftdis(-jilse sconr!~ 

( ro,, z'il, t v Sooiit y
hvilfSpo t hoilf Spo t striipt, 

2-2 2-2 2-2 

2-:. 2-2 2-2 

2-:1 2-2 2-2 
2-2 2-2 2-2 
3-5 2-4 2-2 
I-:1 1-2 ,I-1 

,10l%ureiu of tI)p 1'tlr lealevi 

r'old ' IlI it iii s wer I'Fnriio 

for mithirai 'i w; Farni Suiwan 

Itout' Varai Siwai id liivillltli (hli) for rust; Fari Suwan,hlightlt, 
1a1d Ia tnaiiia r for grey lout' spot; Ingu and I'mitnagnir Cr zoiuah hlu 

Stria-sick fields at dillerent locations. We 

found that not all low-sthniulaint lines were resist
ant in the field, and the expression of 'esistance 

varied from location to location. 
Analysis of field reaction data on selected 

source lines for resistance to S. asiafu'a in molt il

ocational testing during 1977, 1978, 1979, and 
1980 showed that, though there was no absolute 

resistance to S. asiatica, sorghum lines N-13, 
555, 16-3-4, Serena, IS-2203. IS4202, lS-7471, 
lid IS -9995 could be valuable in breeding pro-II' ,ainls as sources of soe cegeof' resistance. 

Ireeling for Striga resistance. Work con
tinued in 1980 on the development of agronomi
lly, Stria-resista nt by crossingelite ciltivars

Strita-tisa t-ucc lilies with adapted high
S'ruil-resistaltsyielding lines. Segregating progenies were 

hdvacedin Sriia-sick Stria-freeboth and 

plots, and selection was made for suitable height 
and maturity, pest and disease resistance, appar

seed quality characteristics, and absence of 

Strika. The results indicated that not all resist

lnce sotirCeS le good 'breeding stocks' for 

Slr~igt resistance since they carry nany undesira



hie traits. One resistant sou'ce line. 555, has been 
a parent in a number of tnsefltil advanced lines. 
We now have several breeding stocks that arc 
irnprovelielits over tle original source lines and 
are being confirilicd for Strig resistance. I )nr-
ing the 198(0 rainy season, 156 advanced-
generation uniform lines \%ere screened at IhrCe 
locations in nuililocational testing. and 23 lines 
were selected for Iurther testing. ()f these, seven 
lines SA R-I [(555 x 168)-I-I]. SA R-2 1(555 x 
168)-16]. SAIR-3 1(555 x 168)-23-1-11K], SAR-4 
I(148 x 555)-3K ]."AR-5 1(148 x 555)-l-2].
S,'\lR-6 1(1,8 x 555)-33-1-31. and SAR-7 [(Irain-
ida x 108)-9-2-31 weore selected lor inclusionnin 
the 198I AIC,1'S 1 Stra resistaince iinursery. 

Striga resistance screening technique. liii
pro\ved techiiiques or field screening are being 
evolved. One technique is a three-stage testing 
process whlre test entries are increasingly grown 
ill proximity to susceptible checks. ()nly prelini
narv data are available, and the usefuhness of the 
technique is being \v rilicd. 

Physical Environment 
Drought 


Field screening for resistance. I lie line-source 
(IS) sprinkler irrigation technique. described in 
oIur 1978 79 Aiinual Report (p 31). \was used to 

illlil Ials
screeIl sorghu for d(rougti resistlance. 
Ilie methods used to analv/C thle ulala are dis-
ciissedl below%. 

I)u'riig lie Ic180 postrallVI llSOnI wev COl
ducted two experiments to evailuate both germ-
plasmr lilues and aidvaiced selections (",,
progenies) Iroi tle drought resistance br,'eding 

project.
lIi the first expecrimet, we studied the response uif Ir's gexotpes to linearly decrasing

levels ofwater supply ranging from full' ade-
lel sto f - (l piI lfr om Ir twater up]hytr ee 1" Id e -. n 

qltatc ti nil (isollowing three i'orm irrigatiois 
for en p estabhIlishme nt. II arvest of each cult iva 
was taken froii two replications (one on either 
side of tile I.S). [he relationship of decrease il 
gra in yield witi declin ing levels of available 
liloisture from the L.S and rainfall (regression) 
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was determined f<or each genotype (Fig. 3, Table 
6). The yield potential was determined from the 
intercept with the 'N'axis and was taken as the 
yield potential in the absence olfmoisture stress. 
[he faster the yiCld declined vith reduced mois
tire availability, the more susceptible a v'ariety 
or hybrid was to moisture stress. This decline in 
yield wit h increasing stress can he estimated 
from the slopes (f' the lines for each entry. 

While the genotypic (lilferences in the inter
cept and slope were notable, generally tile geno
type with higher yield potential also showed 
greater decline in yield as the stress level 
increased (e.g., ('S11-6 has high intercept but its 
slope is also high). Computation of the correla
tion between yield potential and drought stiscep

500it 
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T'olil water (' ) iF dlit-d I I rainthronugh 

I'igure 3. (;enotype evaluation for drought resistanceusing line source (1,S) sprinkler irrigation system:
Relatio nsh ip betw een irriga tion w a ter a p plied 
through IS plus rain (after three uniform furrow 
irrigations t) recharge the profile during crop estab
lishinment phase) and grain )ield. (Field RIII lB at 
I(CRISAT ('enter, 1980 postrainy season; regressions 
for only 7 out of 18 genotypes are shown; for all 
correlations n = 18; < 0.001). 
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Table 6. Linear relationships between water supply(x) and grain yield(y) of sorghtuni entries and Eberhart and 

Russels' stability analysis. The regression coefficient isderived from regression of yield on environmental index 

(yield at each level of water). 

A. I0-grtl ;Imi kl-,iY('U I,1 I;'
N71l _(g,"111-2) SIlqw r ( 

'('(rI (,0,36] ciI wiater 

Entries (hntrrcept 

0-71305 
0-71500 
)-71.103 

I) -71 ,1611 
Its .x(S-35,1 I 

its, 1-8785 
(;(G I148:1 
S"I IV -:t8( 
,I'-;IV -:151 
-I'V 387 

( .DJ.1 15 
IS- 12i I 

('1 5.11 

(*'V . 

('. S 
V-:112 

(-
N135 I 

:1.17 - 8.9(3 0.913 

269 661 0.9(2 

2312 7.:16 0.95 

2:1 - .1.51 (.811 
.10:1 - 8.29 0.92 

386 - 8.15 0(93 
398 8.91 0.92 

,1m) - .1 ( (.95 

.10(9 7.18 (.85 
.156 9.30) 0.91 

517 !9.87 0(.95 

10:1 7.M (.85 

1II 8.95 (.75 

:13 ., 2 1).!)(; 

,I(18 1 I Gf (1).7,S 

29.1 ,85.8(o 0(.911 

592 11 .12 ((.( 

:Mll 7.9 (.,89 

)'I'llV (p'd' ) e('lim,t Sh 1,tPlill\ l l111414-( N. 'Ielt 

ri 0.X 13. -~01.00 11. 1his poses a serious prob-

1cm (or comubillilw high yield potential w\ith least 

dIroughit suiscepihilily. H ence weCused tile tok-

lowing alpplialell 11rSelecting drIouight-resistal 

\taes lor (inter-genIotYpes. I hie eld] potenliai 

cep ) wre CIlli lldl '.tlll tlue 'allies forld ope 

(lable 61).f11I'll tie a'\ of polntsi.pral, g 

il ligire 4. 1tlie genlopecs shtllvg ahose-

avrage yield Iotntil (p1oits on lioht-hau d 

sIC Of bolenl hricgl liile) and slope \with low 

valles ft slope (less thaln regression peldicted 

'nttes. i.e.. 1e l vpes Il pIintts hob lieilhers-

hS 11 I 
112 

2.25 
2.1 
:1. 17 
1.91 
2.05 

2.19 
2.'21 
2.47 
I .8I 
2.0,1 

1 .9 1 
1.8:1 

2.) 

2.0)) 

21(0 
2.!9) 

1.88 

2.23 

ili i ld l 

II. ,1:111S b 
M al y'ield 

' 
(g,' III 

187 
III 
$15 

1,15 
219 

187 
2:11 
2:t1 

2:15 
217 

285 
22) 

2:11 

128 

212 
!7 

28( 

157 

) yh ld at :W ( 

ilty ;m
I,,ld 

.t'lys i
IO-sid 

.
alI 

s-UilU (11' 

S')I 

0. 99 156 

0.75 1291 
(.90 1,151 
0.55 514 
0.96 1:1 

0.96 1079 
1.04 1:199 
1.8 1 90:1 

0.88 981 
.(03 714 

1.11 1751 
.85 8 19 

1 .1() 5701 

0.,4 1070 

I .111 8)59 
. 1-: ,3955 

1.26 182,4 

0.861 ( Il 

I r tl',inf lor llt)vul asli (-lc()l) 

types.e diagonal line lin Figure 4 isthe regrecs-

Sion0 of* yield potelill with Slope. Similarly. the 
oil thegenlotypes below tihe regression line andl 

the broken \er-tieal line werel~ 

dentlied as susceptible to drought. Iising tils 
left-hand side of, 

procedull(l'e, it Is polssible to) select entries with 

good, viells and better. resistance 1. moisture 

stress. Int erestingl D-71463 andD -71464 are 
In tilesister litesi rising forn tle salei Cross. 

field screeningl'otr Ial' filring 1979 i Annual 

Report. 1)3t) unlder hot dresmmer conditions. 

IDf-7 1464 was ftt p lo be ore (droughlt resistant 
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0 D-71,14 

4-(1 

-, 

0 )-71500 

~Regress 

0 

D -71.103 

0 

ion line 

IN35-1 

I IS-12611 

SPV-351 

'S'-5 

*,•C-5, 

I 

Rs/1I* (S-,5,11 

0 CS-t5411 

Nieuin drought 

suscepl)ibility 

G(1-1483 0 SPV-87 

-I l0 I l-I I1l5 

Y dof iiS V-dr n 

-12-

Msen .vie hI 
ot't,n itnI 

wn). 

* ('SII-8 

201( 'lIl0(6 

Vie hi pot en Iiii older in{sIre ss !g/ii 2 ) 

ligutre 4. Relationiship between yield potential and drought susceptibility on field RP~1I Blat ICRISAT Center 
(postrainy season 1980I data for I8 genotyp~es are shown). 

than I)-7 1463; the former also recovered flaster. major constraint in the test locations, ILS can he 
It was alpparent that while the difference in the used to create the needed levels of water supply. 
yield potentials was very small between sister ising the data generated from the above experi
lines there was considera bie \ariation in drought ment, -bcrhart and Russel's stability analysis 
resistance ( Figs.3 and 4). was carried out (Table 6). Besides high mean 

lralditi oally,genotype stability isassessed by yields of cnltivars, the two parameters slopes 
mtltilhcational trials. If water availability is the of thu regression line b - ) and the deviations 

0 
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replication. Two-row plots of each cultivar were 

planted in 75-cm row spacing at right angles to 

the line somncc, and each plot was harvested in 

successive seglmlenlts of' 1.5 ill. The yield poten
tials were again highly correlated with drougiht 

susceptibility (r 0.958. P .- 0.001). Using the 

technit uieldescri bed a hove,Cselections \'le made 

,ordrought resistance. 
r In both experiments the hybrid checks showed 

14highest vield potential and, in spite of steeper 
slopes, tile\, o tvicldcd all variet ies at all levels of 

Jilllir supply uSeCd. I his substaniatCs tlIe general 

expeiece that hlbrids arc more stable than 

\aictics C\en tinder sttess. 

lireeding for drought resistance. Breeding 

material generated from crosses inv'olving par
ents selected "ont llotl earlier field screenings 

:;'. ~was evalnated both at I'RISA] Center and at 

,,(I te-h vlamd agricultural research station. Anall
. , ,. ., , tapur (hii a droighlt-prolc area of ,Atdllhra Ira

desh) under itatural Colditiolls. 
Om of our liras whihi hat recot ri drouli r,'i.snc At AnatItapiir. about 146 mm11rain bell during 
ierl rmed very well under normalmoi l rv'comitioavs 

and~ /'i~iiv.crop growthI. 'Ihe (Irouglt was severe butt rainifitll 
was dist ributed over several wee ks. Sorghtill 
liles w\'ere evaluated for tecovery oia I tot 5 scale 

(I = least scorched leaves and 5 = severely 

froinl the regessioti littes (residtual sunin of scorched leaves and no recovery or regrowth ) 

siares ill [able 6) are ls{:fil in characteri/ing and heading ability (where I = 90(,(' or more 
headed). Thethe gentotypes. A stable cultivar has high mean plants headed, 10 - less than I0(P' 


yield. unit regcs,;iotli coeflicient ( i - " --1.0), atd known drtght-resistatit checks, M-35-1 .arid
 

deviations froi tile regression as small as possi- CS1-6, recovered well at both locations.
 

bi (S2," 0). It was observed that thecrtespon- The materials ill advattdcc generation were 

dence betweet this atialysis and the first oile screened in three replicated trials at the frlit 

described above was good, suggesting that ilie research station, Sangarcddy, Andhra Pradesh, 

ICR ISAT 1979/80data collected on a small piece of' land at a single during the 1980 stlliller (see 

location can be used to select d roughl-resistani AnItual Report, p 31). I)ifferetices itl genotypic 

types. To ascertain the Icast susceptible getio- effects itt all three trials for tectvery were highly 

types (\\ ithin the high-yield potential group), significant. indicating that selection for this trait 

true cat1i cmlllplllc the "suzsceptibility index" (SI) is ef:ctiye, 

as the ratio of drought susceptibility io yicld Susceptible liles )-7 1305 and I)-7 1463 identi

potential (Slope Intercept; [able 6) expressedl fied itt t liese screcnittgs ti;y be tised is indicators 
ais pisitivc percetiage tf the lattr. SI cat1 thus in luttire. 'lie selected liles w'ill serve as sources 

be used as an indicator of(drouglit susceptibility ftor dotight resistatnce. The sister lines I)-71463 

which showed coitrastingand wC will aii at selecting highi-yieldinggcl(- atd l)-71464, 

types wit Iittle lowest suscept ibility index. responses atll igareddy. cati be utili,{d in phy-

Itl the sceond experitent, 64 I'l, progenies siohogical stulies tio elucidate thle drouighlt resist

were tested along with eight checks with\iout a1iy alice iliechlllisills, particularly recovery fronm 
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(Irouglit st ress. It respotIses of these geIIot.pes the rainled postrail\' sCasOI were cvaltated ill 
f'or recovery ill (iladtiallia, in tile Sldall were two separate trials. [hIeere were 100 entries 
similar to tlhiose ohscred llt Sangaredd. India. (including three checks) itn each trial and a triple 

All tie lies Screened ilt Salgarcddy ald lattice design was used. !iachi of' Ihese trials was 
Anlltapu' scre' \iel-tCstedaC t I( RISAI ell- grown in Vertisols al two locations ICR ISAT 
lcr ill Altisols. I lc.S IIills indiclated that the ('enter nd Ii j1apiur. Ill order to account Ir tie 
yield Ic\cls of the selected liiesw Cre com!parable \ariation iii sowing little usually ftohiwed by 
to [ihe released hybrids (such as (SII-5) and that farmers there \\ere two differcnlt dates of plant
these liles had higher cx cls of drought resist- ing (carl', and late) at ICRISAT Center. 
alice ( etoverIN )than the rtlecased variety, US- All entries in both trials, including the checks, 
3511. M-35-1, SPV-86, and (.SI I-SR, wilted con

pletely at ija ptur. 
]~strainy-sea.son Adaptation The early-planutcd trials at ICRISAI Centert \vttwere colducted onl fields that had received less 

Il.thalioi of gerniplusm. :Farlir, based oil than 500 mm rainfall during the preceding rainy 
iltial SClection, x\C used the kinlown Inldial Season ald the Crop had experielced severe leir

ptstlrail,\-.scisoli le,, as pla-rcial source it.e- Initial ;ress. Fiuphiasis ill selection was given tio 
l..iibseqeiit l, lin a l) el 1 tli\Crsil the seedling emergecelic. vigor, days to flo\vcring. 

gcnetic base,. 7251 linlics ill the geiplasill bock and agrooinic score, and a total ofl2X selectiolns 
\Cie \lusialh, eiluttcd. ald 32 lilnes w%'ere were obtained toi liirtcr testing ill advanced 
Selc.'cd AN pailCt iit)thelie Oiliill. I he gCogll- yield trials. Ile selccted lilies had good Iood 
Ilical ditbiilitiolofotctsC 32 palrc ils s: India cramichiracteristicsaild ihrecofihese, D-82066, 

(7), Ni'.CriA (2). the SIill (3), Niger (I). I)aio- I)-82073, and I)-82039. possesscd trichoines, a 
ilie\ (1). I tliiopii (l1. K ,\ a (II. \Nla i (2), trail knowi, to contei shoot i \ reisistance. [)ar
iid I )\ (\I . I lit'.m \iiic is Cre,'iieiilv tall cits N135-1. V/NI- I, Sl)\'-()5. 2)7713, 15-2. 
aid lille. IS-928. and IS-i1103 \were ill lile pedigrees of 

1t'1 l ldic' iL-1IM' i ial 2CilClill trou- most linal selectins.
 
,I
ik1'0t' iiCsl )I\i lI lit (IitI ig I ma ialI s . ( 

I.'liiid Il I ) '.cceaiuWtted Ilt iii lih c isori )s l4.,1tlCloslishmnt 

lR(c1sol, I (Ceitel. 
iihiLiHiCiii! 1t chliaie'' ill Cluntei ieteril tcsted in I('ISAF ('eterilr Allisol beds for their 

di1,1liteht sties. Illititldiltulo. 115) adsiiced- emnceigti. ability uer a \\ide range of soil 
!.'ecatillo hles eililiictl mlllperatures planting diiferent 

)t)clobci) i ; IS us1h Soil tempilrtItire. lify sorghilm lines \were 

,.eialso ill \ertisols. by oil datc: 
Ill coopciaiiloll xxitll ilte I illt'iri\ ol Agricil- between ()ctober 9X0 and April 1981. lIwo dif

lilil Scieces (I 'AS), liliii,, a simtilar set ot lerenlt Suil Itiperatire profiles %%ereobtained il 
sc,!2'ealili tiialcriail and i c, Selections each planting by isc of kaulin and charcoal as 
\%cie C\alliatCd it IPAS researh taioti at stirlace cosers(li.S). We found that emetrgence 
li i;piil, siluiated ifi i major postrainv-seasoll was significantly affectcd by lI) date of planting 
giros. iul lia ill Kiiatliaka Statc, lniili. (cnvironntinl). (2) surface (kaolin and charcoal 

l:imui I( R ISA I (Center valtiallon, 270 Vts, cover), and (3) geniotpe. Significant genotype x 
112 I's. atid 50) ;iueCCd-gCencil :n-swerc treatmein (2 + 3) interactions were found.ad11 li](ii 
sClcctcd or liht her testing and selection. FLoi It was evident that with the increase in temper
the Ilii apur screcenings, 58 single-plant selecliols attre froti .anuarv to April, there was decrease 
alifd () F's wele obtained, in Cemtrgence in the charcoal treatimceit: in tile 

kaolin trealtnttri he emtergence was always 
Evllalilon if aidvinced breeding ilnies. I lie higher than in the charcoal treatment. In gen
advanced-generation liihes sclected arlicr from eral, during winlter iotithis, eiergence took a 
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I'Iturt, l.I.ffetlIteltwratort' (,hmol t'dh) elhar-ofI 

C o and k olil ),),t~tdlhfll s e tmt rg, ntt' n,,rI~um hcoatandkathling emergence iIS-

t'at I( I %VI(Cen ter).h riAk fla 

lOnt I' tune in kaOlin Itailn in ChiMIC~til( dot to the 

lprailitig ioet teilpcratllc in the itorr. 
11gtllyl) , it;SM laSOHte ICe did isA Lilrattir- 11t i-

se.,allci Seti. ,illilltitiun, hit it lifile,ed the 

Cetl!titn it ili . s AlIci ica iIg tihe Sold ,ll-

lice. the _'LcfIltiI'uS til tee ,suscptileh- gC O-

t.\ h,, llt. l\ to iled. poSSIl\ hecaus ib it Of,co'l 
the high tCIlIIICltIlic. Also, the k'OIcoioptih. til, 

(tmr the cxpluidiltg icsIl lto ed Sign oI 

sct cii tt. 
I heCtc itIqiuc tol the SChctitit tful esI.. 

toiC ;utic to l) ol t0',Ill Il t eitiptlt i ss, lll-, 

Pi te aMtid; i c'\sl\c a it h.' llu , ii c l l g 

I5-.1](Ia in l5-82()L6 )\I.,uc stc cd. 

Soil crusting. ICIiiqi cili tu, in g t.er 

2clice. ilit\ thrlotue la ittiulted crust le.being 
,i,\,'I)t Ih-i hld and ;Il,,itt binck lhitsCd Il l 
I -,..)al I(' I I('.cI. uSAl.h -. 

, in% d ci betih)Ite I('R IS.\ I 1t)7t) 8) itnual 
Rptoptti (p 2 1I el, !ct III itUCIllhi-itk Hllt, 

the Soil] IS t0 diletd iti. Iiit]elsd 111 ditI 1 \i [fY 

. il\lhe ate sOi, i it 4i-t1111 

depTt it. ann i\ l i ,ia I 011 t' c1a n', held 

at 1-nt1 hteigiht inl al attempt to simuteil ite r lall 

Ilhe lo0It int i Se,,ti 

and facilitate f01l ulatitol of crusts til hot sunny 

Id;,Iys. 
(.'tull rati\.' r'scarchi \ Ih Ilan\aina Agrictl

tural lTniversit (IIAM) \%as initiatcd during 

..... to ,tll\ tile, peIrt lltanct: of9I .lati\c.~~~F 111111~ VC10I II+Iltitl.tllll~l'CC'l'tllillg ill,, VS~pL:-

,A ooltst], I IissaI.l h. 'si iSitua~ted' ill atrilill 'IieSo 

.'lll~~~ad,scll-al id climtes~t' arICtLr uL'hlr;I[. linMslb It.. 

nlat lei . and slisc",.ll ,,lll-kauhw, i organ,ic. ile toJ 


L'Itilg. I he lirst IIial included 31 g C uot\p.s. Ii 
t ie It hMi' I 19i .iiiltt 1.-15 Vc[t) al\I c ldh tl, 1tlr 

file p 'Sious ial) \\cI Studioi-d lot e th i ciue 

.'nl~~tPenceability mlulet lis.t anld fit)-
't ll,I,Sit, ttl,,
 

I)I ring 98)iT.102 vcnoypcs wcrc tested and d is

filletgnt.\+pie dicrntduces wetIc hbse r\ed(l'g.0'). 
(h+',Uyl t_",,,hm\in, u,cIc c ahilit 
( ;elttt\pc'. solOt.! good)( ellitigtc t ~Iiitv 

both itI ,S\ld I Ilt\ IS-1-4t). IS";, a 1, \o,.'tI 

5977. IS-2705. IS-I(172. IS-1)022. Naga White.at S54 tI to'lnsewpdwl 
12). At I(nII t i lhg d ll 

ii tiht. pitC ~Cn' col a 5(01 drust. \\ hie tititeir , Iicd 
i nl ha I I oi l i 
IIIiScL-I hI\ ( ahle 7). 

Soil noisttnre. In n8.t). li)) lines loi the 

drugh9t hrdedin1g Projet and st's ci u 11i1astnt 
liles ; ce ltiated lot troughIt csIsta lice at tile
 

Seedling Stage. Signilcittl ariahilit sas Ituid
 

tt cit ho t(lotighht itthis slage., a tl
rou esistalct 

210lies \\[Iit high resistaice \ere celected.
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ligire 6. Brick flat t peri tniot: Iltrgence through 

soil crust (afl s gt'itotlit's ti)t'rgtd sell, %shilhmn) 

fild to e'merge). 

http:slisc",.ll


I ithl' 7. S el'(IIin r lit ct helt t 'ior to proutce cultivars that preform reasonahlytrit cm tf Sttll 

Sorghiil g(,it ~eS it( I AL, IIissair, we ll I (tIr hoth low and high fertility conIdit ions. 
\We therefore initiated a study of" the selection 

IIIi .timt'litlitt' results in both conditions. 
,, ., rt, N,, ri.-d Selection was earied out from Si progenies of' 

three raltd mitilg popitlatiotns under hoth 
I.S ;'I 52 G3 high (0)0 kg N IlMand low(20kg N ha)lertility 
IlS 1.55 f-llG!I otIt(IitioIIs (ltInII g '.- 2. gneCICraiionIIs of thII e p)opi-
IS :1.71 1. 7: ulationts. Our final 01 iCti\V \wts 1t test whether 
Is 9 1: :1 1t the tlop-rankiri selectoitns made undereither Icr-
Is Iilo2 7 77IS"1-,4I 11 .1 !) tility levels retained similar ratking at both Ic_-
I5 ;I cies of fertility. From each population and 

fertility le\el. 16 final selections were grosmsi for 
seed multiplication during the 1979 postrainy 
season. Yield trials \were conducted during the 

In ordeh (tt ins stigitte ictIthe selection for I Q980 raitty seaso ssith So progenis. For testing 
dionliht +eSistuieeat thc seedlin ,titee its rebled at each leel of fertilitv, the selections made from
 
to dronelitht rIesianC At the atdaHnCtId eostli hoth IC\Cls of Icttilitv \\cIC planted along with
 
stawi, 21 iine, s pith ietonil four checks in i 0 \ 6 lattice design. In additiont tod taits that 

hai bTeI'elcLtd t the ,,eedlin Stiue \\ser to tesltit. selection Continned] Under each leVel
 
i \,t ,etl t, ,ttutinni l,, l t (1 lofrtility and the S, See \\rere multiplied durh.inn soil m1n1i,,tutC 

1I111 11 deILlde\etoi un t al l e irain-lill in i 2 the lI 1 80 postlaill season. ell test \was
Hiht u i 

i l int \llisOl fiCI , tIeI 198,I)pot- Irep at d ill the 198I raill' seasotn With S. 
,1 \ Cit'sOl Ilihhe m ulst ,,ho .tl athliue, IS- l)ItevtimIis.
 
I I(15. INSS<,'+. I iIS .'IS-I lihe
- . -47o.iil I(t Spearmnt lank correlation coefficienmts 
,X'I t,l ll ttitlit LslI;HIiL'e It thl ",eetllilne, ht ."+eu raiiks of o selections fotr'l eroups of 

tIAC Alo ',tisutl '', i lahelesels f lu,,istaiiee eaill yild Uimler hilch andl \ ICrtility COndi
iAls A nerCCI on Ill .tltes. Some1 of1these lines (lions"s crC scpamttly Comtputtedl. [he correlatiott
 
ise' e ,,Fni le 'efil s hoth I lhI ri iitttl aind k\ias blnd to he positiv. and sig ili iil inl all
 

r ,i'ctd tlitlhul, (20t ()It 5'0it k: hai in eases., I his indicafe 
 tes that the best ,elections 
i it e. inctl .111( itt) IM f) k h II in ntu mig l ]ltite under high fertility also retain similar 
lht) lhe 1' 5-. )5 1-.239,. S-166t . inkim tnder lio" fertility.,ie SI 

,iHnl I>-516 , ()tIe t\\st , ntl-L'O 1al ihICt 
Ait th'k,. hI-( .itl ('S11-, Nitrogeit -lixlation studies. A test tue culture 

,'Nedtin: \st)iu sifli/ su) s\Sstm,~l fit he" was develC intCchniqueL <opedl981))to test the effect 
ii+:tiiii,.,nls etiIWuned tli C of hostem1eieiee.'tIlttneh Centi Ic itiind hacterial culture otl 

it in,l i t i i tn11hit2i Imelstilm a lase . intlhe Itmoel aetuis, iPlanits are ro\\ l 25 .\ 
'-reini Pt' DI)II. 21)f-rnt tubes etsotaitting 21) ec tf soil, stil: sand 

Ilie el s, otc, IS-- h,1. IS-54-84. and IS- mixtlur, tr erIIiiuiliteC nIutitun (lig. 7). 
0+ ',Itlllld , css to soil rust- NitroLcnuhsc atei\itv could he detecteld 3 dla.s 
Iiie ,inil ttt tlt llh itl the seedlin ie I . ', \I ll alter planting. and by 15 (lits there were usually 

tI ln t II. e lttv 
this atti\itv. \\'e are iit\%stndtardiing this 

Platnt Nutrition 

dillereites hCt\o.un cu es itl stimulating 

tllethod and deteciluling tie ctirrelatioun \ith 
atctivit tf older, field-wit wn itnts e a ei 

Slect itun fotr litlrt tgei efficieite). (onsiderti g pla nt and lchtcrial maiuterial eat l e screened for 
hie simall firmetr's 'tItdititots uttul tadtditioual niltt ,lgnlaseactivit\mtchllmtt readilYusingthe 

:I it Iiiiurtl praeti..s ill the S\ I. it is inpol tant Itlie eultire m etthud. 

http:hCt\o.un
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Tompe~ratur 
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Figure 8. i)iurnial pattern of nitrogeniase activity of 

intact sorghum )lants ((SV-5). 

Figure 7. Tube culture technique for estimating 
nitrogenase activity of sorghum plants. tern pcratu re, but rather to the photosynthetic 

activity of the plants. 
Using a line.source irrigation system on an 

Alfisol at I 'RISAT ('enter in the dry stmmer 
Using tile intact plant assay method reported season ve lourd a signilicant correlation (r

iti our 1979/ 80 AnnuiilI eport (p 66), we have 0.54) between the soil-moisture content and 
observed a marked diurna! patternl for nitroge- nitrogenase activity in hybridsCSIl-6and CSIi

nase activity of sorghum (Fig. 8). The activity 8. Most nitrogenase activity occurred in both 
increased during tile day. with llost occurring genotypes when tihey were sampled 2 in away 

bet ween 1600-1700 fir ind a marked declined( r- froin the sprinkle r where the soil-moisture con

ing the dark period. This pattern closely fol- tent was 8.9j. on a soil dry-weight basis. thcre
lowed the one for soil temilperature. but our alter. fitrogcnase activity declined as the 
experiments on the effect of incuatb (ii tenipCra- distance from the sprink ler increased and the soil 

(tre on nitrogeuasc activity of root-soil cores conitailied less mo isture. In aotlher experiment, 
indicated only a twofold increase ats tlhe elpera- 47-day-old plants of ('S I1-1 grown in an Alfisol 

ture rose from 200C to 35'1C. 'Ihis suggests that were issaiyed lor lilrogcnmseactivityits root phis 

much of the 13-fold variation in diurnal activity soil cores (IC'RISAI Annual Report 1976.77, p 

obser\et with intact plants %\asnot due to 43). I)ifferent amounts of water wl'ere added to 
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tile Cores, ald ltl il ctiilirhilliotil i1cnld ol I Inctination tctlipcratirc al illlt.cltd ilitrogehr these \\crc thci i,,ctl Iiit I()gc ii,,calcti\- risc aIctiit\ of pilc ctlillilics,and llotm cti'.ity 

it , vct aI 5-li incubationl period. I licIc \\as \\its ohtailcd at 311( lotr:1,t0/,arhr('trO(
lglailn aisiinilicmilt p4(NitImc co(ricltil r'tu. tIr W1.(,) CUM Ml 351'(" for .L:,opbi//lu /il/iot'rtlol.%\III) in l rc sn ulm;l llt slt t ( h 'ut. tQ III al p oJt Cxp l-Of \ \m lt Ia d d e dc ). lilic l t \\ fil l t hie s l dl ihllill h +b 

Itnic cultuircs t lI:rwoiitlia r/ o(,,/ and .im- ('SII-1 rlo IiIi iii"Itcrili/cd Allisol,. iIocultionl'Ob/, W"('11,1,1, d,' t .\%h11L11 \ 111l le.I hi /0t1,l h t1'lt. \.it hII t lFlg c II- i[.\ [f g hI' I tl 'i, [I OEItllc Cd Ii t ftI li of olIighllli. (Id t t ltl Im fiullOs .ll c tli hi. Calt intrat se ill iii h ltl toi tll t '-11ltd elll" poli

hut IIiXtIIICs Ot tlicsc CIlIlItttr j)IOliiccd c((lOIiSl- dliictiltl (I :Ihlc 8). Additig the cttinialctlt of 20 to 
crahlc ictis it(. I such s\iicvgistun exist, ill the 1(1kg N hlt clli/icrinit;uiotiiiiiilsulilpatcalso
thli/oslI CIC t1f s, )I0hl111l. it \\w utld Ibc dillicu~lt to) inl eat.scdt v'icl.s I lh u detll.itll tc ltll p ere;.F d 
,C O ,CO~l til ll i',ll , I tlt .. l c s~ l 1141111 i lol Ofdg l tO t 'O)S Ofl f ie ld :hlO se 11) i 'l ci.l- C\ I NC' tl lItl t1) W 

llnts. gO\ II Naipici hair+, (i LToss hctssccii ptiCIl millet 
aniid Napicr ol4ass) git\C tli llost ctnsisteflt 

11 rlesponse ( I ale 9). 

80- Food Quality 
_ Sankali Cooking Qual;'y 

- 71 Ill sct al legiitsl il'Soluth Itntia 5,ilgItitIt grain 

is costlt(ed illith forl of sa einit.a Prpar1.Ii
tioln tr~i.litioll.tlll iilc ssitlh grits from cither

0 dchullcd or \\hiole g aitns. (iratin samplcs 0!' 25 
ctilti\lrs ill tile Ititnational Soteilli ilFo(od 
.tialitv I rIIls (ISIQ I, I(CRSA I Anual 

-50 i Iup rt 197) -),') \\cc t'aluiitcItd lor sainikauti 

.. t. lit.t lt IIli is lisa aII \%ilh tic ' aid o f six Ia 111t 
woeticn , panclists. NI-5I01I3. (.11-5, ,.lhi. . and M-35-1 \\tic illcd ;is. hest It gtoodth saiiikati 
qtnalit V. 

I )chtllcd s()tlhlllll lill is ,lsoCookced to 
l o ,/ kc ricc-likc ta, lcdl (hornl'l~~~~~ma iod hitct ,, or1 tIuuwInI, 

which ;lrc nllsiiiuucd int South Indhia and othcr 
leiniis (of the SA I I i dcIcrit inc tlie rnge ol

/ \\,I ia l io )IlI( ) \ ;I Iio ut s c oolk i lfig ofltNIlity l'l .Ct l'

istics, grai samipls of 112 ctltivairs of divcrsc 
t)riiil \\CrC \iahlail. Ilic time rc.luircd lot 

1to coocikitg a \.tanldal qlaitilt, 121 g) of sholc 
grain rIm ,d f'r((ti 54 tt) 114 mitt ( lablc I1). 
I)clrcctllt inclcast Ill life hilluic (of tlc grlill as at

S - -............ ... rcstill f cookilng \aricd Ito 1(0) t( 273, shile 
t 12.5 


.q44l I+,i((.4Nlrt ((4 1(4(1 Iry- s-lt)lI lic tcxttill

5. ,".t.H I5).I 1.1.9I tle \seight incicasc rangecd from 11)7 tou I6". 
ran e tof cooukcd gaiti \a icd flmt 

F'igunre 9. Effect of differet s(iil-moisturt, 1. to 4.7levels oft 11 on a .lcI eof I t(5I gootl). I )chIIulhcd
nilmeri atis, acti it( if file siirgIlini hyl)rid (SII-I ;is \\ell as \\itolc-!tIain sanmplcs Of 25 ctli.ars ill 
grii, n ill all Alfismi fieldliiid assed in 15-cm dil ic I l +() I \\ c calliiatcd. Ill ccral thelc
cires. s l(illlll l(I \wrcighl 1ofthe cookcd ptodtct tromt 
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Table 8. Efflct of imuculiflon witi nitrogen-fixing bacteria oil sorglium grain yield (g/lpot),' 

ligis onN~ (ne(hir
( 

kg 2 (i 10} N I t it 	 l III i ll
C u It I u re . 

A :ospiiitI/il Iilof,'riimi 9.7 I 3.1 I 8.) 1 .!l Y !).:I1 0 .23 N 
= 

I (.. ) 15.) 12.1 Y 8.7 1 ( ;.1 N ,A l uio"I,'rchruoo o ici'li 9.3 
14.!) Y - 9.94-0. I8N 1-0. 008 N ' 

Nipitr hjrn rol .xlrl,t 10. 0 12.8 22.0 
7.1 9.9 17.9 11.6 -- 6.321 	0.27 N

til i llrotllhllocililt'.d 

1. 11 	 0(6,1, .-i 

1.0 18.71 .7' 	 lll 

I.E1 	 (.55 

grown in vi, lh rep lieltv pol in unslrilizetd
ai. 	 Av,,rag. o' (I'o r retl iivlmis. F"our plants wr, 

Al'tis*ol in it g1.1lit i Iso for 03 dilys. 

on sorghum dry-matler production (1g/Ipot).i
Table 9. Effect of inoculllion Wili nitrogen-fixing bIcteria 

kig 	 N/l'hv.i inri [it gres iof 
Mvi lt jI l i n I i ( m 

( ,l l t u r 	 0l'l 2}() 4 ( 

A.qo ili ,,l i Ii fi'/IIIImI (i..I 79.8 9:1.5 791. Y 66.1 1 (.(8 N 

,,\zoIol/!,If 0'hr1m,(-'1COei' 58.5 74-0 9:1.7 75.1 Y 57.8 1 (0.88 N 

Niipior hoijrli i'mtl v lrv( (62.2 81 .5 9k, .1 79. ( 2.!1 (.85 N 

llin wilh'i ld 11r-40h ,48.1 G(7.2 85.4 ((.9 Y 48.2(i 1 0.93:1 N 

.1-:17 	 2.52StI 1 

Mv: 1n 	 58.8 75.6 92.2 

2.19I, 

v 
e 	 ' i r lie lte pot ill iiliv-Htriliz etl

i'i 	 ' r l livnili is, I ilil,o dr \V rgi(I. 	 A vlrlgl i f J wi ill i 

AlI'is I ill ii gl shmi sii 1')r Im0 ( iiys. 

he whole gra , 'lupati Qualitywas 
and the cooking lime was 60"i lower. he lex

1ild challilti quallitiCs of60 sorghum cul

deli tlled gril Ils twice thai ofl 

l 	 an11ad appeal ie dehtulled cooked I )oughcolor of 
rivals were evaliatld. Stickv. casilv rollablc 

p'od ct ia helter thani (hal Iron lic\i ullic 
whole griil. Corrlatiol coelficicilts htwclo 	 douglh prollduced good qualiltychapati. lie stick

iness the dough ws'as Illeaslre wi a hackphysical grain ch;iricetcis and cooking qlalit 
cxllUsil cCll using the InstIoll lood testingallihutes imicatld tlat percet increase ill 

Ihc good (dough of variety M-35-1Vlume of lhe ctiked grinli is Iosili\clv\ coric-	 illachillc. 
rqCililCd morC forcLfor (letoruationi, tha1 the

laled with grain dc'iily(i- 0.66)ald colliells-

less ( r (.54). while cooking time was l(sili\cly poor dough of IS-12611 1. A poolo u(glilh was 

lhe cell, and wsas not cxlruded. so
corrcllcd with 10(-gri \wcighlt (r_ 0.46). 	 Ce)olll i.ssc(l ill 



ITable~ I0. V1Irhabliit for -mineILgrahihn ami tiiiiig qLIilh altlrilhIl% of 112 gcnl~Ipv%(if sorlimn. 

(u~i4i,~i~,4,or&2.701 0. 09 1.(0- 5.0) 
(a-itiI wrighli (J JIM :44)) 1I 0. 09 01.7- 01.8 

I';%%tttIor; 1 , rp it , I' ~~n Ii -). .) 0.49) 15.7- 10.2 
1Irtok Iv, I *.re glIt(k g 7.60 0.22 1.8- 15.0 

mn~lv~tiimi )I grminr w 20 g) 15.-1; 8 0. 10 1.1(0- 2 0. 0 

'Vifm'rP1iiirol 1',rrtokirrg (mill) 81.15 1.0)2 5.1.0- 114.0 
cml4k44 (gVte.ight ,I' 1,rtr 48.91 0l.30l 11.5- 57.2 

\',Iiirr()I' c,4kod grolin 1.1.100W"cl 0131 360 - 52.5 
5I rcuie Ii weitg) 1:1. (( 1.50 107.0- 186.01 

III vdillm 182.001 2.70) 100.0 - 27:1.0) 
Cmdw) grn b''xIin' :1.2(1 0.1) .- 1. 

~'ihir oh-ir;(
W. imi -I'Ilw gnill al'li-r 5 It"1,1 -mimrg Ii %%;I1 r. 

Arm d- 'm iph -,(I' ](4 I lit-1. ' It'p~ l(1,1 1 o-.lItf, (114 it cIl 1' 14, 5 (1t %c y 

11~t'I. ciIar11LivrisIi'% IfIIIa l 1v~Iuiragl c aptdlIiotigli frlom vigl cijitil 1r% 

''1 nci lIng ttxi I oili). (u.lsg ilI .~(i 

P1;2 K Mt') urn 22 12.5 201.0 1(1.8 0(.25 
it)I' I 4)11iIIII 19.3 25.7 15:.3 .24Mwl\ 22 

2 !I;"(d241 27.5 31.(0 21.I)(
 
S 121;1 1 ;(" ') 1*5. 0 *1.M2.1 (.)
 
1S2:;15 14-d 22(:1 Ii: 
 5:1. 7 :12. .1 ().,1 

MIS ~ ~Itt cl II 2), 111111(.: 1.1 
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20(, popped grain). Of 36 accessions exhibiting 
superior popping quality (score of I to 2), the 

best were IS-511 , IS-5285. IS-5566, IS-5604, 

1S-5638. 1,-5646, and 1S-5655. Most of these 
had small grains and were white with medium to 

thick perica rp, hard endosperm, aind a x'erv low 

germ cldosperml si/e ratio: the germ was often 
located at a corner of" tile hilar region. 

Population Improvement 
[he improvement of sorghtm populations by 

ithe S2 progeny testing metlhod continued during 

the period under report. Five existing 
US R. US II, RS R. RS B.and 

West Al'rican -arly and a ne\ populatiton, 

IninSynthetic. al- cbeig Carried forward. 

__populations 

d 	 Selection Advance in Populations 

Of' tile five populations currently being 

improved, the two most advanced populations. 
US R and IUS IB,were used to lcasUrC the pro

gress illade by recurrent selection. We found that 
Ingru l idoho ,I hiUA Ittr tiiasuritti .'ur tte.utilaselectito ill ticcxcthe a(vIllcc CvCles flor grailt 

vas 5 1.71 : per cycle gain a.tried 'rom 7.517dough~/.xijt'Aiut'.. 	 yield.ttnuot 


to 19l'. Similarly. the grain \ield of the US IB 

aind 200 N kg ha) \,is used. Nitrogen level pro- poulilation increaised by 3411 over three cycles. 

duced no signilicant effect on chala.ti quality' of 	 with a range of 7.2 to 14.5(7 per ccle. lhe 

adva.nced cvcles of both populatiols shwed sig+uples.Simnillrly. ch;ipati qufity o1 

cleall and plm1tp grailn saiiples from 11 gento- nilicanily delayed Iaturit. as the base popilia

not differ lions \\erec extremely early. Memani plant height 

the grain SM 

types affected h\ moisture stress did 
sa ied fntl cvcle to cycle. x%jill ial overallIlnlli tat of graiin samuples obtained from their 

i lithecorcsptuiding Contrl1 plots. Itl alother .espcri-	 increase o1 9.2( itt tie leU R and 5.3('7 

US5 II potpulaition. Ilhe ralngcatnd thecoelficientsnlent, xherc nilrtiogen fertiliier x irrigatlon treat-

nients x\cue studicd tsilne Colltnerc'in[l hbrid of gencttic xriabiltv fot grain yield \were itin

ox cn cycles. indicating that follw ing the('S!I-8, chipai quality of grain Irun lthe xa.rius tained 

sho\cd fitosignilicant differ- present svstCett of selection, the popillatliils cailtfreatillents also 
einccs, as iudged by taste painclists. be successfully ilUolxed by selection for several 

tt0rC Cycles. In addition to graill yield, overall 

Sorghi ms for popping. In India popped sor- desirabilily of ilte populations fot graiin quality 

used itt snack foods. ('ill- ;1t1l t\ vlVncedpliti Ivpc as also illlplu\l. I litghtitms are traditionall' 
qualiivt e ptpuilitiatts shtoxxd increased untiforiitxi illtiv\ars \\ilt inheret olpping 


cait bc particu- plaitl hCi!ht antd Illaltiritv.
desirable. anlld polplling quality 


lark' iltproed b\ controlling the lloistire C\el
 

otf tite grain. ({iali samttples of 3682 accessittS Recurrent Selection
 
froi India \\ere scored ftor poppinit pC'rccult;ige
 

I )uring 1980. S. progenies trials of IS R and
(oit a1scale of I to5 ( 1 ,0 to 1l(01i and 5 f0to 

http:chala.ti


US/ 1 aid West African Farly populations were 
conducted at ICRISAT Center, )harwar, and 
13havanisagar. Irom each population 195 pro-
genies with ilve checks s\'re gr\own. On the basis 
olf grain .vild and agroliouic desirabililty oer 
locations. 28 S, pjrogCirics Iroi IISr R, 32 froii 
(IS B, and 41 from West Al'rican larly were 
sclected for recollbiatiori. I)uring recotibina-
tion. II additional lines in US R, 5 lines ill 
IS I, anl eight in the West AfricanIarlypoptl-

ltiori wCre incorporatcd. 

Population-derived Lines 
rontthc ahos S. progey til s, 198 lanrits 

from II R. 296 front IIS B. and 192 from West 
Africanropllation sCsrc adsarced lr pedigree 
sclection. lie progeny rows frol thtese plants 
were gro\n at Ilhrars isagar during tie smllller 
s.ason: oil\ 178 lines \were sClcCtd fo urther 
nahlilitioli. 

I )uring tie 1980 rainy season. 1123 'dvanced-
geralerito pro)oCics frorri populations and their 
Crosscs \,,crc rcu\.lrhated ill a breeding uursery 
and tire ios trlilorir and prirlliisilig lilies verc 
idrcitilied Iom irnclsiori ill the 1981 preliiinary 
yield trials. 

Varietal Trials 

lreliminary Yield Trial-I (I'-l). [lis trial 
tnsistel of 84 carlh-ratniing entries (81 test 

cntries and three checks) in randoi i/ed coni-

pIlcte block (lR(lB) design \with two replications, 
I \esti.\-,ix entries sclCctCd on tile basi, of thlir 
ylid WlrlorrlnanCC rid agrororiric dcsirahilit\ 
\\Cre sClectCd tor alas nced test , in 1981. It w.is 
obsersed that 31 entriies at I('RISAI Center. 5 
erIrtries at I)ham m., and 3 ,ntri-es at lha ani
sagar Vakc sigrilicarnl yielvlt111t111higer grinr than 
hybrid check (SI1-6 ()i(Itth (Sl-b .icIdentification g'ailhv-,il h,.c tire inirsoish ,,,,olllt2ll 
yield. solnic ol lie rop-\iclding criies %\crc(I:-
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Preliminary Yield Trial-2 (PYT-2). This trial 
consisted of 147 test entries ofi rmedium to 
iuediUm-late-niatlring varieties with three 
checks: variety CSV-4 and hybrids CSII-5 and 
('SII-6. A randomi/ed complete block design 
with two replications at each location was used. 
In 1981. 21 varieties were advanced f'or testing 
internationally. I he tol-yielding entries CSV4 
x ((ill x 370)-2-1-4, (CSV-4 x G(i x 370)-2-2-2, 
and E-35-1 x I S B 487-2-1-4 gave 4857, 5278, 
and 5264 kg ha. respectively, as compared to 
4362 kg ha of tire best Ilybrid clcck, CSII-5. 

Development of Hybrids 

Development of Male Steriles 

[ell liles that we earlier identilied as potential 
Ifemle parents, derived from tile graill quality 
breeding proect, have 1rludergone six successive 
backcrosscs to convert teicur to male steriles. 
Ihicir corresponding A anrd I lilies are ready for 
ealuation as feliale parents in hyhrid corlbinra
tioll. These new r,1[ steriles shosved good yield 
potential arid grinii Llralitv. Iwernty rr er1111 M ol
tial parents were identified aid were back-
Crossed mtsice to conVert theM to Iliale sterilcs. 

A large rintrlihr of rronrestor,:s deri\ed from 
the nloillrstorer p1otpulatiols are being converted 
to rrale sterility. We now have 777 pairs ulA and 
It lines in various generations or backcrossing. 
lilteri of tile A and I' pairs appeacd uniforl 

and were distribteled to interested breeders ill the 
S'I. Nesv hybrids based on these rile sleriles 
were Irad, and Cvrltued in tle 19,XI raiv sea
son. liecrIsulls will be reported iin tile 1982 
Annual Report. 

of PotentialNonrestorer l,inles 

35-I ,I 1'S R(41)-,-2. , I .- )l)-I1%-2579-( des\elopimlnt of A and ] pairs by hackcross-Il 
4-3. arid Id S."rn 6)()-3-3. 5\hich ease ,12tt 5673. 
and 5518 kg Ir rspcts el , a, comiparred to 
4951 kg h',oto thchcst rs-bi Icheek.('5I1-5. Ihe 
relcased \arictal cleck. ('S\'-4. ranked 80th in 
fie 84-cr \ tri . 

ing requires tirre and resources, and iot all A 
and If lines produce desirable high-yielding 
hybrids. It is. therelore, desirable to evaluate 
trIrestOrer lines ftr their Coimi'bining ability 
prior to coniersionl by backcrossing. it a modi



50 5;lm,111/111 

fied ilies x tester analysis, we successfully evalo- Evaluation of lHybrids 
ated nale-sterile hybrids from crosses of 

nonrestorer liles with Cytoplasnic lale sterilcs A large number of hybrids based onl three male 

by use of interlards of fertile hv'lrhls to provide steriles (2219A, 2077A, and 296A) were madc 

pollen 1or testing the hybrids. Ihis technique with sc\ral ,arieties derived from the sorghum 

\\as found satisfactory, and three ilonreslorer pipulations and g'ai quality bredCillg projcCts. 

lines out of 20 lines evaluated were founrd supe- These wiere evahluated at ICR ;SAT ('Center. ha

rior in combiningabilityand were recommended vanisagar, and I)harwar: results on the best 

for cor\ersionl to male steriles. hybri Is are presented in Table 12. Several 

Iahh. 12. (;rain iel (k/hii) of slecte(I ihbrid, based on com ,rei Iiii femlel,parents 2219,A, 2fi77A,. aind 

296 A isiilh rest rer, derived from the gra in qatlily breeding projeel evaina ted at lhree Iocat ions in India (I nrinig the 

I 91 raiinu season. 

Tlrmi III-I ~i groc 

22 ,1 x S'-108'x , 1., 1 -;1 2 
221t,\xCS( I -),;1(;II-I 1: t)18-1-I221 9A ( - -3-T!479 

221 )AxS1-t18 IxI ). 14-11978 I 5:-\541 It-t 
221!AxS '-I()I-3 (x'S-:15,11I-t 1-2-:1 
2177A x1 -I 8-:x ( ; it4 141,')12-5--3 
2077,\x '-I I,-:x('.; :15.11H 20-2-2 
(S11-5 

SI,. 

C V ) 

2 22t9AxIS'-I18-1xl'-25-2 11-2-1 

296,\xIS(' -1)8 ;1x'S-35,11 )-I -2-:1 
296A x(S( -IS-I1x1 CS-35.1 1 -29- f-f 
29GA x(Swtt'na x 'S-;1W87)- 0-1 -3 
29\ xI(S' -tlS-:xI':-:5-tI)-25-1 
29G\ x IS ' - 10 -I xI 'S.--511 )-27 -2-I 
20)77A x IS'-1)8-:xwi rl )x' -:5-1 j-6-I-f 

I'- 1 

S E: 


C'\V '. 

3,Ax I'1,1z - I otIx IS- 082-4-:I-1 
2l96A x Fl, I,1{-ll1x IS-I 1082-.-,1- 1-I 
2906A xI,RI-I10)Ixt'SV-, - I- I- I- 1 

29'6A x I, It - 1 1xCS V-4 -,1-3-2 
2l6Ax 1) in Itt 1-475-74 6-1 -A-2-1-2 
296A x 1) in I ht- -4 75-7.t(G--1-5-3-1 
2s) 6 A x I )i iI , I-I175-7.6 -2--I 
('SI-5 

SF: 1 

C V (1;,) 

I't itn 'he'rij 

6 1 2 
518t 

5002 
4t954 
6221 
5525 

210 

6.9 

5,181 
5:369 
5756 
5,141 
'199 
696;) 
6226 
5261 

112 

10.3! 

694 2 
59()8
66313 

6,158 
5508 
5918:1 
(i 17 
4 7:1:1 

720 

19.2 

I ,(1,.11 inm 
I )h1wrw.n r 

,1815 

41)17
5509 

5528 
57,10 
5556 

5277 

51000 

:1,45 

11.1 

6111 
6'852 
5787 
67 13 

5602 

54G:t 
G6571 
60)65 

31:1 

1 1.,I 

5722 

5861 

60)28 

-18:;:1 
651) 
6G:1!) 
6417 
5667 

414 

11 .1 

I I mv\:tn isa gftr M(;tnn 

3178 I1G35 
,11254 7: W 17055(}11 

109.1 4866 
61(;88 481L 

:3516G1675 
3891 5132 
281:1 ,14,G( 

577 

24.4 

51000 55:31 
5146 5781) 
5208 5581 
G0,42 6(065 
0511) 5669 
,1313 5580 
1771 5857 

48116 5,107 

490 

20.7 

4792 566) 
1511 5428 
5069 59)10 

5208 58:31 
4t5,191 5519 
165:1 5758 
-1I,1 565) 
2882 1427 

656 

24.0 
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hybrids werc significantly supcrior illpcrlor- locations ill29 conitrics: data werc rcceiv'cd 
maliet to tlhcheck commcrcial hybrids. From 21 locations in 10 count rics. Thcgrain yield 

() I000 new hyhrids based on several 11aC of selected cntrics is givcn in Table 13. 
sterilcs ev'aluated in tircplicated nurseries at 
IR ISA ('cnter in the 1980 rainy season, 260 Itrntional Sorghum Preiminary 
xlibhit ed Superior perloria ice ovr tie Coi- Yield Tral-2 (ISI 'Y'I'-2) 

mertiail hybrid checks and were selected for 
lurther yield Icsting. The 1980 ISP'YI-2 consisted of 43 test cntrics, 

plts one v'arietal check (.S\"-4), one h vbrid 
check ((S11-5). and a,local check contributed by

International Trials and ot r cooperators. Ihe trial its sent to 46 loca-

NUrseries 	 tions in 29 countres. l)ala ol the peuforitince 
of' selected lines at 16 locations in 12 countrics 

Interntiionall Sorghum Preliminary iac presented in lable 14. 

'ield Triul-I (ISPYT-I) luitrics Imd Syn 387-3-I and Ind Syn 387-3-3, 
both sister stleciions of :tid Syn 387 (designatcd 

[ he 1981) ISPIYI -I consisted of 21) entries, as ",IV-394 iii India) perhirilned colsistenlly 
Including \ariclal check (SV-4. hybrid check the 3rd year inlwell lo this trial., RS 1-8785 also 
(SI,1-6. and ali imprmcd local check contrib- pertormed well l'trthe 2id Year at locaions in 
loCdhY oir coopCratorS. I[he trial was silt to 46 India. 

blhh 13. (riii iiehd (kg/h,'a) of seec ed entries in the 1980 ISPYr-I. 

P I gn~r.t. intillc 
Imi'' 
ml invnil T111Imlahnd s",udlin Nig4,r 

Sii,i l-rn 
A.1'r i.+(-; . ;iI ir ,';m Iin 

I )vtn II 
Men it 

(II1)' (2)'. 

(tI"1-20ix(\'
.I-4l-3f- -2 

)- 1292 
( 11) h 

2571 
I I) 

2212 
Mll1 

21175 
(5 ) 

4,187
(8 ) 

,118:1
( II ) 

-1: 
HI) 

M15 
(9 ) 

SIK-:15R-1 x I 1-287 )- ::1)00 31H27 20:12 2788 47-1:1 5116 1482 3515 
2-1-2 
15 I x V\ x N 

il l' 2 
(M :35 Wls. I95)-31-

IInd .S.v:12:-I-:1 

Ind.Syn.TaII.0l-2-1 

2 

(9) 
3.,n:1298 
I11) 
5 12 
0;) 

:)I9l 
(16 

:8.19 
(:1) 

(3) 
:1517 

(5) 
:85G9 
(.I) 

:l!),I 
() 

21.15 
(14) 

(7) 
1991 
(8) 

257,1 
(2) 

2,1(17 
(l) 
18-it 
(I10) 

(2) 
2500 
(H 

26:1 
(7) 

2725 
(11) 

1788 
(17) 

(5) 
5,188 

(12) 
4187 
( II)1 

,18:101 
(,I1 
131 I 
(I10) 

(5) 
:1)79 

(11) 
:(02 

(18) 
5,1:17 
(2) 

4:112 
(9 ) 

(i) 
2,175 

(17) 
3202 

(8) 
31)5 
(12) 

:M659 
GI) 

(4) 
34311 
(7) 
34,19 
(5) 
3921 
(2) 
3589) 
CIl) 

(SV-,I 

('Sit-

(c'heck) 

( h Ik) 

2881 
(18;") 

:1)2 

2879 
(8)'I 

:18G7 

78:1 1925 
(20i) ( HI) 
:3l),0(:15510 

2558 
(l19) 

5282 

3625 
( 11 ) 

475) 

:1085 
(Io) 

4231 

2728 
(19) 
'1200 

(21 (2) (I) (I) (3) (7) (2) (1) 
SI': 395 155 1(2 4105 3169) 

U\1 ,; 21 37 2:1 H1t 18 

(I. N im hir of'tu'uiiots. 
,.I,'ifrvs inpitri-)I is r' oks,.-i ti 
v \' C;,' It 11'h Indi ,ilub nliniiirmigvdI fromi 12 to :3 am Io 's utho-rn Afrionn I onjlis,I I in :t0. 
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lable 14. (rain yield (kg/ha) of selected entries in the 1981) ISP'T-2. 

f
Ll)cnl ion"l

lInd ian1 s4 lhSirni ()ver II 

Iled igrev Silwo t im14Jt Thilitnd Afrti A1'r i\ri' Sudn Q Nt'zII;i 	 ,: (if ;iar 
(2) b (2 )b (Ill) (2) b 

I-1,R -101 x IS- 1082-I-5-3 3858 227:1 1922 1970 2757 5167 177,4 

( ) (26) (10) (1) (2) (7) (5) 

1,-:15-1 x Rs/i-253-2-1 -1-2 :1910 3907 1829 :1707 1616 5::113 :1874 
(11) (2) (II) (331 (28) (1) (2) 

E-35-1 xRs /I-:194-1-1--2 39,17 ' 196 226:1 41153 1908 5i))0 :9(6 1 
M3) (1I) (111 (17) (20) ( 10) (11) 

U:-:)5-lxls/Ii-.l87-1 -1 3185 2947 212( 4.133 :1015 1812 3757 
( 1: 	 ) (15 ) (5) (I I ) (1I) ( 1.1 ) (8 )1 

Rs 	' x( 'kV-I- 1525-1-1-4 :3758 2708 1177 1188 145,4 5792 31629 
(7) (17) (1 ) (9) (M6) (31) (7) 

Ild.Syi. 112-1 	 3,168 1590 2277 5250 2:374 1125 :29.1 

(22) (,11) (:1) (2) (8) (23) (il) 

lnd.Syn.:187-N . 1403 0 1192 1978 4268 1(71 1958 361) 
(I) (37) (7) (IH ) (25) (12) M1) 

Il1 .Syn .387-:)-:) 3997 1 (18 1981 1728 1.171 17(18 ;:1825 
(2) (45) (6 ) (G ) Cil,1I (1(;) C:I) 

ISV-,I (ch4t4k) 29 :: 199)) 281:1 2710 887 3218 2(177 

(4 1:15) (37)
(32) (38) (I) (32) 

CS11-5 (eock ) 31862 225(6 1:160 52614 216(2 16 17 31824 
(5) (27) (32) II) 0) (17) 1,I1 

I. CV (";,) i h Ini 544lsu4c4mtiiinn lor'limns rangeid f'ro l 17 i :17: W st Africilln Ilcz inns, 184 

I( ,t;III, s 11'ni ,.'ri nn 144i4) 14i4 17 it) 23; and Thl iild tw 14i4t 4i4i0s wnIs 22.
 

b. 	 N 4l4:414'r ()I* l4ni4itis. 

I' gm i' 4ir s's ' k .4 ll tilll4 n VirIra 

Sorghum Elite Progeny Observation tions in six coulnries. The grain yield data ol 

Nursery (SEPON) 	 selected entries are prcsented in Table 15. 

"Fhle 1980) SFPN comprised elite progenies Ill Contributions to National Programs 
a(d vainced L'Clra tions of crosses between 

adapted, h4\\ -IInlld susceptible, and good grain A list of' varieties from ISIlYI-I, ISPY -2, and 

nurser \\as into SIPON, that performed well irn Africa and have 

thrce separate sets early ( 105-110 days). been selected for further yiel testing iri national 
quality partlil. Ih \Irgai,,d 

tnediiln (11(1-135 das). and late (135 d;iys and trials is presented in Table 16. 

allm )inatluril\ \60lh 39, (0. and 39 entries. Six hybrids were accepted by AICSIP l'or 

respectel. .Ihe 4litnics included a local check. a inclusion in Preliminary lybrid Trials in 1980 

C01mnrncri~ll hb\rid ((SII-6)check, and iaricics and four of these (SPlII- 85, 187. 188 and 221) 

thalt prllorlllemd well ill the 1978 and 1979 were promoted to tile Adva need Ilybrid Irial in 
SION'. Ihe trial was setll to1 40 lcai!ions ill 30 1981. Sceds of *85 hybrids divided into two trials 

countlies, and dlta were reccived frol 1( loca- Ind an (bservatlion nursery, were distributed to 
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16. Varieties that perforned well in sole African coTlhhble 	 titries and1(1were selected for further yield testilig in 

natiotial trials. 

itmi lrhs illwhi'ti viiitly sch'ted 
\'irit its 

Nigeri n mid St,m g l
IS 1261 .1 I I-2- 1\S,' -1iS-:t 

stiltlvg;I 
(IS -126 1 1xtSC- I08- xiS-35l1). 38- 1 


M lIi
I(CS- IIxi ''T2039)-1 ( 1'-ix 1,18) -12-1 1-1 

.Su d i l ;o ld .Nin hmwiI n . y .:2 l I-3 
Smu n lIi ; , I" 2G G iN V1,1 (' .'; .I 

S ud s1, iold M1 h p,1 
'i
SI .lIk I lW 10 8 2 .1 

M;ImtiwC(SN ixtitili' Y 55 
Ziliilm hv.It 1 iiIxIS I10 2-4 .--2 1 
Z i ahilhwInd.Sn.i 112-1 Slltit III _;85- _Ix LJS, -157-1 -i 
M' law i 

dii :187 -:1 :.S i 

six countries (Mexico, Uipper Volta, Mali, Tie 	 A&M Uiniversity in the USA and to develop 

Suadanii. Ethiopia, and Nigeria). 	 more joint projects on sorghum insects around 
the world. 

)iseases. In hreceding for resistance to grain 
Looking A ead molds. we lwill ii/e new sources of resista ace to 

diversify the genetic base and will intercross low 

Insect pests. 'opulatioil monit'oring ofshoot fly mold-susceptible selections to achieve further 

aind stem borer will continue at ICRISAT Ccii- illprovelflent. 

let, aiad we \will try to develop suitable means of lhc identified sources of resistance to 

nollitoring inidc lcnd heudg populations. We soirghum downy mildew (SI)M) will he used to 

will niake predicti\e imlodels tilforecast inlesta- dikersily the resistance genes in various genetic 

tions of shot liv. stin horer, midge, and backgrounds. SI)Miresistance willalso be incor

arm v'orm, porated into the male-sterile background. We 
We will continue screening for resistaince to will also stud' the genetics of resistance. 

shoot fly, stem borer. midge. ailnd headbug and Our striga research will continue to identify 

\\illelimphasi/e de elolpuelt of efficient screen- and confirll sources of resistance and to 

ing techniqtes against midge and headbug. Mul- improve their agronoimic quality. Since We do 

tilocational testing thrlough international pest tnot have alny identified l3-line with ,Sri.[aresist

nrseries to identitv broaid spectumtln and stable ance, wve\,'ill enphasiie 11-i12 screening and 

resistance sources will continue. An inter- imnprieimaent ior this trait. Efforts to improve 

disciplinary study will be initiated on the mecha- saceeling methodology will continue, and the 

nisni and inheritance of resistance, effect of crop management onl Stra infestation 

Our collaborati\e studies with Max-lPlanck will be studied. 

Institute ill West (Germanlly ;lld \with the Center 

for ()verseas Pest Research will continune. We Physical environment. ()ilr maj or research 

expect to initiate collaborative studies oi thrtist will continue on lactots affecting crop 

sorghtlrm midge with entomologists at Texas establishment and ol drought. (ireateremphasis 



wrill he placed on resCa rch oil crop perforlance 
under seere stress (stulner) conditions. The 
Interactions o water, heait, and nitrtogen stress 

ill he examined further, together wfilh a closer 
CM.\anintion l tie merall re nor-
malnce of hyhrids and \artriets unlder these.stress 
el[Id i[ioln. 

I )r1ught-r-Csistaut local \iieties Ifrol lie 
drier pait,, ofIAfica and firom Karnataka in 
India m.ill he crossed \with drIought-lesistanllite 

(recos er\) hues identified earlier in tileplrograll 

to uler:ItC Ioe xariacili l...Iso, tilesisttr lines 

I)-714-4 ;ail I)-71463 \,ilh contrating respose 

tlider drol iiihr\\ll be tilied to stlild, tilentech
anisus s illreeoserv d(rtuight r-esistance.
i oMlsed 

Another ulptaut actisits in the coming year 
ill he idetification of \ariert-s and lis bids 


adapted to the posirainv se'ason, ;ld incorlpora-

lieoof the glo,,v-trichnli iraitst fol.shoot II\
 
IresiSta lic .
 

(urII it ogelt-i. l .l ill eon enttio lIstudies lc l r ilte 
ou iilipro\ inc tlhe IL'eul\II. reuCtiOll ISsi for' 
Il oLO'ni., itS 1itiiu ','edlint,ero testVl ill 

tubCS alid iltaCt pl',inrs gio,\t inl poit. We wsill 
ise 'N t llesltiC llc alit'Ilits of ui IoIge 

fietd. \We lso plan to initiate y\ork in West 
rica Mhere soreltiiit and millet giost \6ith-


out iddt-d fCItIli1ct in in.lt soils lo, ifnititrogen 

iitlitcstu, rh;it coiisleltr~tiblc liitr 'elt lix;,tiii 

llil\ le 0CCHI HUll11 


[ood (l~imitl. Ilitire efforts\0beesnotei to 
tie de\eClopI'ucr of simp1Cle ;and reliable ljhjribii-

,
tor\ It-CliIIIi . fi hth lit:till ;illpreldic-
Of tili\t,tin tl foo ill difterell sorglilill food 

pi odinetsu d t us Cht s' techtliq lelI et o e S o tu le].\ 

Usiltate ildsUled brCdine liue,,. 


'oplation inprit,vient. Siilicant ill-

lit i i~cit' llii ;ieto it0liC dCsiIahilit\. \ild. and 
gl iiin (hii lit\ hi, li inliiesc' ' l fil [,ui-t li\ 
litiii, :llii: iIlIt t sel'ctiol. I le sIp)tiil lect 

hill", tic il these itipileth l ptl;iriIs ,t loiM 
\\ll ht-e 'd lilt tllIf ,Iltl tL'I'CtA il itil forlC.",i11UMl 


, l aiilt.,el~ st ilit' iii n lt ~ihealtii.nI] 
tllil ., 'Cl'clItI, lhill tht.e %\Ill h esilti td 
ttlhllli ll I thtut ahiil il 'i nlit iltiplitliol 

ptallnin w 10d" ,ill It llocatill tlials. 

We will also attempt to increiase their resistance 
to insects. A large random-mating poptilatiunl 
composed of our gerlmplasill collection lines will 
he established and improved hy recurrent selec
tion tinder I(o\selection plessile to esltll'e the 
elicienl ut ili/atiou and preservation of' usefl] 
variahility in the geriplasn collection. 

)evelopment of hybrids. We will continue otir
 
\. ork oI theievclopment of a diverse array of
 
male-sterile lines. A few lale Steriles with good
 
\ield potential will he evaluated as fema',le par
clits in hybrid combilation.
 

Interlnatioial yield trials. Superior varietiesand 
hybrids will be istrihuted to national programs, 
al included ill inlterlitiolail trials for evahtia
tiol of their l)erfoCrmi;nce and adaptability. 
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PEARL MILLET
 

Abiotic Stresses 

Seedling Emergence
and Establishment 

Suhoptimal plant stands (Fig. 1) are thought to 
ie onc of the major constraints to the production 

of sorghuim and millet in large areas of the SAT. 
However. we have not been able to find suffi-
cient data, particularly from farmers' fields, 
which are of usecither in quantifying the prob-
lem oir in idlcntifving its causCs, 

In order to place a firm base unlcr research 
into genetic variation for stand establishment 
capability, we began a systematic survey olfsccd 
rate. sowing conditions, and plant stands on 
farmers' fields in Aurepallc village (Andhra Pra-
tcsh. India) in the 198I rairiv season. 

Soils in this village are generally sandy and 
shallow, with a low rnmoistlire-liolding capacity. 
[arnd preparation arid sowing are done with tIra-
ditional bullock-drawn implements. Fariners 
mainly grow either an intercrop of pigemiipea 
and mixed cereals (sorghim nrid pearl millet) or 
castor as a sole crop. little or no chemical fcrtil
i/ers are tised, and the crop varieties are genier
ally traditional olies. 

We collected bulk seed sanipIes from each 
field at the time of sowing and later separatcd 
them into componlClt parts (in tile case of nix
tires). The percent of dariaged seed was esti
mated and the gcnmiability of undarnaged 
seeds Ilicasillred. In"foillatioll oil the source (if 
seed aid sced tireatment used oif any) was 
obtained from each fariier. 

Sowing depth and seeding rate were recordc"--
Inl tile field at he timie of sowing. Seeding rate 
waIs estimalite'' COUcotuilingll seeds Ill thle f'urrow 
forla (distant:of' 2-3 inl of' rox before tile fturroiw 
was closed. Five to tell stch samples were taken. 
at random to obtain a meaniir each field. Iri the 
case of seed mixtures, the number of' seeds of 

cach component was estimated from the ratios of 
tile components determined from tile bulk seed 
sample. 

Soil samples were taken from the seed zone at 
the same time for estimation of moisture con
tent. Seedbed temperattire was measured with 
a i infrared thermometer. 

Seedling emergence was recorded on two 
occasions from 10 to 15 random locations in 
each field. At each location. seedlings were 
counted in 3-in length of row from three to five 
adjacent rows. 

Most farners used locally produced seed that 
was not pretreated, although a limited supply of 
commercial castor and pigeonpea seed was 
available in the village. Seed damage due to 
insects was common in locally produced seed; 
nica ri species' valuies ranged from 6i damaged 
seed in sorgltium to IV; in pigconpea, ,.,it occa
sional seed lots being severely damaged. Rhizo
yIrtha doninicaappeared to be the main insect 
pest in cereals and Callosobrulucutschim'nsi.%in 
pigeonpca. Mean gerrninability (of undamaged 
seed) of all four crops was rcasoriably good, 

, 
Figure I. Farmer's field in Niger indicative ofdifficul
ties in obtaining sufficient plant population. 
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varying from 75%'() for sorghum to 93% for adjusting these percentages for damaged and 

pigeonpea (Table I). Most of the fields were not nongerminable seeds, the emergence rates were 
prepared prior to sowing. The farmers used only 39% for sorghum and 25(%( for millet. More 
bullock-drawn plow to make furrows, seeded by 
hand, and closed the furrows with a light blade 
harrow. Sowing depths ranged fron 3 to 8 cm-_ 
for all four crops, despite the large differences in Table I. Seed quality and sowing observations of 
seed si/e among crops. Sowings took place over pearl millet, sorghum, pigeonpea, and castor from 
a 4-week period, as early monsoon rains were Aurepalle, India, 1981. 

erratic and scattered. As a result, soil-moisture NJv [ I t I g(! b 

content in the seedbed at the time (if sowing 
varied widely ([able 1). Soil temperature also 

Svvd d11uuge )7.i±1. t)7.,. daitl y (%7) .1 1 8 0- 57showed considerable variation, part of which, 8 5 2 ± 9 9 7 9 -1 0 0)iii in a h i i ,(%) 
however, may have been related to the time of Sowing dept hm) 41.4 -± 1.2 3- 8 

day of'observation, which was not standardized. Soil witllr c.,tet (%) 7.6 ± 3.31 2.7- 18.6 

Sowing rates for the cereals w'ere generally S5c b -

1( ;(-r 


hod t-inhi'rllirv ("(') .10-1 6.0 2- 51 

(1 ite high and quite variable. especially inthe .................... . ....
 
case o 'mIillet 'here ra tes ra ngcd from 200 000 to . Ml v.ll Ir ii 'ur ,s 

e ( i flt (ltI t Tllv 1; lise to( lld(ic t i ll I Igii iN 
700 000 seeds]la (Fig. 2). Yet for both crops the , ilt,dll lid inl t, 

iiergeice percentage of' seeds sown was low: , .t l tt;u.d seed 

2T. for sorglium arid 18"%, for millet. FIvern 

MII' - I' i g'oal)pea 

7 -, I '!,p t- l Il I lollil(i_j i 


IG-I 

87,-
 Unstr 

0 , 100 G00 8(0 21)1 4001) G00 80J0 
pil iililll/lt/hi l'opitllli(ili/ llt(x 1)0))x 1000) 

Fignre 2. I)isiri)utiois of sowing rates and seedling plant stands forthe four crops studied. The data are individual 

fi'ld means. 



ilirportatlt, howves'r, was the variation in emCr
gccc tales, which re'sulted Il \r. low plant 
stands (.5{)0()1 plantis hii)in a Ialg+ ploprliUtitn 
of fields (Fig. 2). .OMMrtrastittg narkedlv svhh the 
'Ct rrlllltri(I ti[rtl of the All India ('trtldiitted 
Research r'loject forI l)rvlanld ,>grtictle 
(,I(',I ),\) ol 8(11 land plrts It,is0 000 am" 22( (10 
for solghwl t and riillet. respectis.ely. [iergen .e 
titles 1t Caltor atild p'ig o1ileiI \NCICCO IISI(I i1) 1V 
hettti 52 and 50' lotr t til seed sstst and 6767,IiI( 6V 101 V), (1,S I ,I',,,+CC" I;N"1)+, 
MM\ iII,1ll '+ , I Of t IS. .\t1 Cl 0I \\+ Clll~id+I l" 

hi*\ I)'ser tinrll So t li ihunta r il let (l11g. 2). 
: sulltiri ill relali\+l\ hx,, popu lations ill Illaits 

Itlld~s.,. COMipirer.ml',: to A l(RPDj Areorrenal,.'d 1<) .7\I0 ' 1; 1 .. liitn ,+nd ltir,, I5(1 t(11)ar++d 7()) phlnts, ha. re.".pe'eti\ +Iv). 

herr rtAMkirPAIllh\rnrc+ rICtIr hesirailltdY o 
-s-.te5U rat hl' er -ut-lrar-re+'++Cl+hrrrr +.d pliltl l)01
 

latiOn,s lot Shillh. 
 sils sueh 'l\trileis ,r+-
plle,\,, Mians Iields had slpt)linial ctrp Stand,,S. 
e.",lCiaily irltt lre cereal I ehds. Ire hicriCt 
e.\deIllsnl so,,telrer\heisseen sls, ig ;rtrd 

CltCIP:e.cc. aIs seed ,ality (nlailla ed arid get-
miithl,eed)Pe'ulc all\\usacceptihicaird sNl,,-

iip rates,, \\er+ 1 I his hsis
C Cgood. hypot is 
,Uiprlted h\ uratirr.,: Io"a \r\ light\,,o ohse l 
colrla(tii helt \,,cer thetle.r.enc+percentage of 
sorghiui and millet ,so rr together ill tile Sante 

field ( ().9 . I' 1 .(O \,.hMrich suggests that 
specics liertrice1s \%Cire unillr'ilint relati\C to 
iheld dilffeinces ainrd (2) a ((m5 corclatioir (I = 

0.3. 1,. 1.(-.4) heslnt so\ing rate arid stand, 
indicatirig thai lhi,, fact \,,as also uinimportant. 

(Ihis ilSo ,uugge.,ts Ihat tire faTers' StrtFMgy of 

raisrru smm\ig lites to eotllensitIC for lto 

Ct.rer.Cnce_.. as net flCeti\+ fhis veilr.) 


I1ir1, 011r irttrlnp,1, to 1(1denlil\ tile factors 

IreSp((rrshlC to pI)'reircergCriCe for so1rgulirri and 

tirInlt \%Cie riot stcceslil, as Crrgrcnce rateo.',as 

ii ret.lalcd tol arts of tlie sedhCd and somwing 

colliitilotS rtrellisr, . lItes, sturdiCs \6ill he c0rt-
linied. is lre is chirli' ii proler., but (rie fIm 
M0 v hle inMore Co1tipxIthi lie C.piiatrt ina 
thanr (11ii nraL1.thought. 

Drought 

We pr+\ittvfield scr+e+red millets Im drotght 

, . 
,.I ilk...,. 

'C .I 

-,+0-: 
," " . . " . .-. T 

/rI' Il (P/1,l0b1,I0 onrlh', o rpI radiv Iofilh 1-1,r 

/r /, .wil( I ' n a il , m r' e (a, Mi).
 

respollse y ithholding irrigation to itmpose 
Iistit'e stess itt oll-season crops (WI(RISAT 
Ant1ual ,IReport.1976 77 aid 1978 79). 
Recently, howe er, several techniques have 
becoen asailale 1b which gradiennts of stress 
Cal be created oil evaluate \ariics Ion their 
nesr+olrls to a range of stress environllleits. Ihe 
mst popular of these is tile lite-soutrcesprinkler 
method (Ilanks, R..J. et al., 1976. Soil Sci. Soc. 
Am. l'roc. 40:426-429) in which a single row of 
clv spaced overhead sprinklers apply a linear 
gradient of water at right angles to the lite. [he 
\aricties to he evaltuated are planted inl strips at 
right angles to the sprinkler line, along the rois
title gradient. hIe rises of' such a technique are 
oh\ions, but itrterpretatiol and analysis of the 
dlta frlt such experiments is not always simple. 
either statistically or concepttally. 

We exarrilltel silrm of the conceptuial prob
n s using a data set from a line-sounr e corpari

soni of 16 crltisars conducted in tire drly season 
(l"el-Mav) of 1981. In this conuparisoir a gra
dicnt of stress was applied durin, the grain
fillitng stage to a Crop which had beetn fhlly 
irrigated ip to the time of' flovering. Iwo repli
cites wvee used to compare tire responses and 
ireann grain yields forallvariletiesateach poil . ill 

the gradient \were" used to; determine tle stress 
err\irmotrrrrert at that poitit. 

Yield under stress. The line sruire technique 

can he effectisels used for comparing perl r

http:CltCIP:e.cc
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manct of' breeding or gelmllplasinl liles al alny 

selected level of Illoisture stress, lparticularly in 

severe stress envuroiliciuts. Response olfindivid-

lial cultival's to thc Iloisture gradient is dtller-

mined by regression of' individual cultlivar Vield 
On fieain yield Otr each polint tilliet gradient 

(Fig. 3). ('ultivars can be compared forany point 

oil the gradient; for purposes of illu tration, i 

severely stressetl enviroillielt of I100 g in 2 ( 10)0 

kg' hla) mean .yield has been chosen. WIll I110 

Was clearly suileriolr ill this cii\ilrloilntl, HIl-

lowed b\ l2, 1(211 226. and HK 560. W(-

('75 was similar to the ian and I11 162 and 

Screre 17 were poorer (Wig. 3). Yields in t lie 
to be severe stress cnvirolnli. were found 

( - -Iighlf collrrlated \ Ilth late o ' low eing 

-0.I .I"-K (0.01)indiclatilg ihlat Liltferences ill tine 

of Ili inig wt're responsibletor [tlie maIoit'. of 

the differemllc s all ng Cultix\alis ill giaii eld 

I able 2). I ills drought escape tlough early 

S,* 

250
'-i~~ 

lilt 

tIt 22G 

A 21111 

S'17 
WII~ 171) Il. 

.I . . ... ..-- -...- . -f . .I . . . . . . .r - . . 

I "5("lI L 150 211I1 20 :1(1 

M i I rlli \i , dl (i I ll 
' 1 

iguire 3. lodiduiIt l t'lti lr respol ses toIli im isture 

graient lurinig graii filling. Gra.ihn .ields in ai sne re, 

stress t, ilironliimit (imeanl sictl Is of 100Ig/in;1) aind a 

nild stress mi roliment (lina, itls of 251) g/m ) 

itsre thsii 1i5 t'\Illlilt", fror cm airi, mui ill t 

Itlilt sis. 

Ilowcrlg, rather than drought resistance, 

appeareid to be the majorI'actor ill dilerences 

allnOlig cultil.s. Regression analysis (of + esti

iatCd yield.s It 100 g' 1n12 lglinslt dL's to 'lo0weCr

ing) was Lsed to examine individual ctultivar 

perl'oranincc under severe stress, independent of 

drought escape (lFig. 4). 1he better \,ields ol 

ie l v
Tilue 2. (orrehltions of genot pe y s in the se ere 

' 
aind mild stress environnitnts, diyts flowering, 

aid regression coefficieits for response to the entire 

gradient. 

-. 

' ill I s 141 Yhvld illYield 

i trv si t li ,mrild iii 

It)'vIi 1,i 

Yield ill 
mild sir, -I45 -1.28 

t, *{,; slri illi 

....... -0 .43l 6 

I' < (I.lS; ,* I' < tt.ttt 

'_1.0 \\I('-(75 0 iK 5t6(t
1() M~Il I Il IW11 2201 

l 1 1 '1 [It t t1 I ( 1 * t 221) 

-/ St12r1 17 

120181 

0- -I------- ... . 

Ill 15 5il .55 GOn G 

lI.v, i) tl rillg 

igurt 4. Rlt'onh i li Iht'tset'ii gr Oiii hi the1'I(15 

St'%trv stressl iiromt ninamnd s to f l ering for allh n 

' i'll ars(fsolidI tii'). s"lui(tl i ilts iilh liSi( lil 

emilliirs of interest illle llmass iir ti l mmmit he 

I/gur. 



MIiI 110 and BK 560 can be explained by their is in the evaluation of the stability of advanced,
date of floweringas theiractual valuesare withil high-yielding lines under stress. Iiere the yield
one standard deviation from the prediction line. potentials of the test entries are assumed to be
 
The yields of IC II 220 and ICil 226 were belier good, and relative rather than absolute yieldJs
than those predicted by the date of flowering, can be used in the analysis for both the individ
indicating that their better performance under ual cultivars and the environmental index (Fig.
these conditions is not dependent on escape. 5). This places all entries on an equal basis in the 

A similar procedure can be used to compare nonstressed portion of the gradient and allows 
pierlormance in any enviroulent along the gra- tie investigator to Iocus on tie stability of each 
dient, for example a mild stress environment line tinder stress. Stability is estimated by the 
such as 25)g iW(see Fig. 3). Inthisetrironienlt regression slope of an individual cultivar's rcla
also there were significant cultiv'ar differences, tive yield on the environmental relative yield. In 
hut here date of flowering was unrelated to yeld the test data set, MI 1I110, I(II 226 and HK 560 
ability ( [able 2), as elSeipe is a less important are clearly better than average (regression slopes
factor in mild stress en\virolnlents. I lhrefbre, -I.0), while lull 220 and WC-C75 are similar 
actual perlornilance il the mild stress cnviron- to tie iean, and WII 162 is poorer than the 
merit is .dequatefor cultisar valualion. mean (Hig. 5). I)rought escape also plays an 
('uiltipertl iance in the mild stless envir- important part ill gentotype stability in this analar 

otttttenit was positively c'trCelited with the ysis, as indicated byaii high correlation (r 0.8, 
regressioti coflicient (or response to the entire I'. 1.01)betwee, slope and dateofflowering. A/\s
getrdlint betwee.n tile SCt.Ve and mild stress in the previous examinple, regression analysis can 
en.hrttnnmets ( Iable 2). hus for lines selected be used to identify those cultivars whose stability
(or gooid pLrt1rnuLTee in thc severe Stress enMii- is largely a lnction ofdrouight escape aind those 
0ttutIeIt, OW nCefticietrhretessiot llold sercve as that n1ayli hav Solune physiological adaiptation to 
a uiClul sorclldalN selecton ritetion for palft- stressot which gives them aimote stable perfor
niarrc il less snCtee C0tditiotts as \well. I-ot mne along the gradient. This is done by 
example. (11 220 would he prefrred to 1('1I 
226 by this criterirr (see Fig. 3), although they 
perform equally well under severe stress. 

.Stliility of advanetd lines tnler stress. \ 
seucond applicaitinl of tileline-source technique . 

...-. .. .//
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U~n~r,.~r'ofw' tib ir 'mn i gi /rl 'arilih'I" ret tlieve id in rela tion to relive enii ron i n liiih 
.m I nti;iu,'/i 'cib' l t/ilJt'n 1/IIh ltrc',x.. ilm ex. 
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regressing the slope against date of flowering the soil-root core assay method (ICRISAT 

and looking for those cultivars whose slope is 1976/77 Annual Report, pp 43-44). Alter sam
piing, the cores arc generally transported fromhigher than that predicted by the date of flower-

ing. The better performanctc of M IlI 110 and the field to the laboratory for assay. Our sttdies 

BK 560 can be explained by their flowering pat- this year revealed that the mechanical distur

tern, as can the performance of ICH 220 and ICIH bance during transportation greatly reduced 

162. Only ICt I:26 shows evidence of better yield 	 nitrogenase activity. Significantly higher 

stability under stress that is not dependent on nitrogenase activity (three-fold more) with the 

escape. Similaily, WC-('75 appears to have a soil cores transported with minimal disturbance 

significant instability or susceptibility to this was recorded as compared to the activity of the 

type of stress pattern. soil cores transported from the field with normal 

Although we have used a single data set to disturbance. Activity was greatest when the time 

illustrate both types oflanalysis, we would expect interval between cutting the tops off the plants 

that these analyses would be applied differently. and injection of acetylene was rcdtced to 30 min 

The first is most useftl for identifying source (Table 3). It varied with the growth stage of the 

material from germplasin accessions or from plant, increasing Until gritin filling wias corn

breeding lines that have superior yield perfor- pleted an(f then declining (Fig. 6). It also varied 

mance uider stress and particularly those mate- with tile time otdayat which sampling was done, 

rials whose supernor performance is not based on and was iighest for plants sampled at the end of 

drought escape. The second analysis, as pointed the day (Fig. 7). 

out. is more usetul for advanced breeding lines By assaying ain intact plant (see ICRISAT 
1979'80 Annual Report, p 66) throughout thewith already established vic!d potential, discase 
day we have shown that nitrogenase activity folresistance, etc.. to deter'mine yield stability. 13oth 

analyses have an important place in breeding lows a marked diurnal pattern, with most activ

programs concerneld with (lccloping cliltivars ity at 1700 hr f[llowcd by a decline during the 

for ra infed cnviron nients. dark period ( Fig. 8). This suggests a close link 
between nitrogenase activity an,. current 

Low Fertility photosynithesis. 
This year soil samples from aroundf the roots 

We have examined tile factors aftcoting the 	 of millet plants grown in traditional cultivation 

nitrogenase activity of millet when estimatel by 	 areas in the niorthwest Indian states of (iujarat 
aiJ Maharashtra were examined for nitrogen
fixing bacteria. Aftcr the soil was serially dil

Ste~d. phiting tile extract directly onto 
Table 3. Effect of time interval between cutting off iitrogen-ree media enabled ts to cotnt and 

tops aind (zIh injection on nitrogenise activity of lfollow the growth of the different bacteria and to 

mnillet cultivar NIlB 3. isolate and characterize them. The number of 

iiitrogenfixing isolates obtained varied from ()'l ;.11,/ hr' tIl l/ 

I - 5 hr - to 10', g soil. Alternatively, the soil extract was 
h1 rert (hr) 

added to small vials of mediuim containing 100 
7 ~ i ig liter yeast extract as th lionly nitrogen source 

.. and either nialate or stcrose as the carbonA 
2 12 3:t.2 source, and a'ter incubation, nitrogcn-fixing 
1 24 4.7 activity of the soil dilutions in the tubes was 
0.5 	 (A.1 1.7 (letermind. Frol the pattern of activity over 

the range of soil diltiio s, we caIlcuilated the 
(I. plants (( m ,lsut1111l i 	 nmost probable number (NI PN) of nitrogeln,vre (NI% t lIfiwering 

sl119v; m-11 fit' 20 r, di, ti (( rI ., fixing bacteria originally present in I g of soil. 
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Figure 6. Nitrogenase activity of millet cultivar Figure 7. Diurnal variation in nitrogenase activity of
IP 2787, grown in black plastic bags in a greenhouse, millet cultivar N1lB 3 assayed in metal cores. 
at different growth stages. 

l(;(lO- - [Co ur-T--

This M PN ranged from 1()2 to 10 depending on . 1200 -- -25 0 

the soil type and location. I 278T-. 
Based on colony morphology, we picked 3760 8- 0 E

isolates from nitrogen-free media using sucrose 15 
or malate as the carbon source. Nitrogenase '100 
activity was shown in 42% of the isolates, and 

95% were able to grow on MacConkey bile salt Night 
medium, a semi-diagnostic test for Enterobacte- 1400 1800 2400 060) 1 200 
riaceac. The isolates unable to grow Mac-on 'Titne or tloiy (hr)
Conkey medium were all originally picked from Figure 8. Diurnal pattern of nitrogenase activity of 
a sucrose medium. Some of the isolates were intact millet plants grown in pots in a glasshouse at 
mixed cultures of bacteria and Actinomycetes, ICRISAT Center. 



66 PearI All/i 

which lost their nitrogena se activity when purl-
lied to a single type of bacteria. The nitrogenase-
positive isolates could be classified into at least 
24 different colony types. Using this character 
together with their growth on different inedia, 
we have chosen 59 apparently different types of 
bacteria for more detailed characteriation and 
identiflication. Many are li'erolbacterspp and a 
few are ,.Izospirilhum. but others appear to be 
species not previously recorded to be able to fix 
nitrogen,such as PIw4donona. spp, Acim'lohac-
ter spp, ani lavollact'rium spp. 

Biotic Stresses 
Diseases 
Biologly 11 l'pidemiology oif

Pearl Millet Eiseases 

Ileterothallism. [his y'ear we established and 
maintained six isolates of pearl millet downyl 
mildew (I1)M) patlhgen Sch'r'.spra il'mini-
o/a in plants of* a susceptible pear miiller cl-
tiuar from sporangia collected f roii infected 
lea\es of) ficld-growil plants thIll sli%\t.d no 
emidence of oospoic Ionifati(In. I he is la tes weiC 
used singl. and in all paircd comlhinaioris iin ilm) 

experiments t) inoculate seedliigs of pearl millet 
ctilli\a' 7042, \which is known to he highly sus-
ceptible to I)M. Sonie seedllings onl] which tie 
first leal never unfolded became completely 
necrotic by 12 to 14 da\s alcr inoculation 
(1)AI). ()ospores \ere detected in the necrotic 
tissue of seedlings inoculated %%itltcertain "oni-
binations of isolates. No necrosis or spor'':tion 
were observed oi any of the water-treated check 
secdlings. lhe total numbers of iiifected see-
dlings. totalliiihers olseedlings witi oospores.n 
and tile relative abtinlda IieIc f os pores are pres-
ented in Iable 4. 

While inoculations if all pailed coilina! iomns 
of isolates I. 4. aind 6 and of isolates 2, 3, ilot] 5 
did not produce oospores, oospores were pro-
duced when iany one of isolates I 4. and 6 was 
paired with any one of isolates 2, 3. and 5. In 
these coiibiina tionius the abundalce of' oospores 
varied, but large umihers of iosporeswere 

found in seedlings that had shown little or no 
asexual sporulation. Abundant oospores were 
also correlated with extensive necrosis. Oos
pores w\'itlh a mature morphology w%'ere observed 
13 l)AI on some seedlings that had produced 
spon'ang:i, and theefole sexual sporilation 
proba .ly began at the same time or shortly after 
asex, al sporulation. No oospores were observed 
in I ,e roots of seedlings or in the segments of the 
leaves used to pro\'ide the initial inocimluni of the 
six isolates. The results obtained clearly demon
sirate that S. ,gr'unihicohaexhibits heterotlhal
lism and that among tIle isolates tested two 
sexual compatability types exist. The study ola 
large number of S.grain,/iola isolates f'rol 
diverse locations is needed to determine whether 
additional mating types exist and the relative 
f'requency of thie mating types in natural popula
tions of the pathogen.

Fll Drthaer is required to deterexperimentation 

mine whether the sparse production of'oospores 
in a few seedlings inoculated with isolate 6 isde 
to a slight degree of self-comlpatibility or to con
lamination olthe isolate with a small proportion 
of, the second mating type. 

Relative I)MI susceptibilities of seedling roots 
and shoots. Seedlings of pearl millet cultivar 
7042 were raised in I(' water agar on plastic 
plates in such a way that seedling roots were 
separated from shoots by a layer olagar. Roots 
orshootsof 3-day-old seedlingswere dipped into 
a sporangial suspension (8.3 x 10' sporangia/ 
inlI) of S.graminicola for 2 hr atl2011C. After tie 
dip-inoctlation, seedlings were transplanted 
into pots, which were maintained in a net house. 
Final I)M incidence records were taken 17 days 
after inoculation. The experiment was con
ducted twice, and each time greater incideme 
occurred when shoots rather than roots were 
inoculated (64% vs 32(,': in Fxperiment I , and 
75(' vs 48(,i in -xperimerit 2). 

(ermination of ergot sclerotia. Sclerotia of 
('IauiccpS./imsilhrmis, tihe causal agent of pearl 
millet ergot, were successfully germinated in tie 
field, iii potted soil iiia glasshouse, and in sterile 
sand in petri plates in tlehlaboratory. 



Tlhe 4. The numbers of dtiI, mihi,,, inieti'ld stt'dlings of eaiwarlmillet cullivar 71142, tit iumelir (ifinfecttd 
seedlings in.c tlheretia eft't n foilItiining oopore,. and ifta iundai or rir ing iocoulation Milih six isolates 
,Scle'ros ura graminifl'Jh %igh aid in all pairtd tombhinatiio , in tiso eperi enl%at IC( IS.I (Ctoter, 19810/1.1 
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ill] Ilt'CC 'm.lllllll lc'lls t i Inoculation techiq(u1 to screen for resistance to 
ion lied snc\CIl experimentsIt 
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Onents 

1. .0 

• : 
"<+ '+'" ' '+[il~t 

I-igtre 1). (rrmint'ltd %lerotlur iti"(o/aicE'pis fsi-
f.rmi% 

frotm a 6 to 10-daty-old culture grown at 35uC on 
potato carrot agar) into the boot Just prior to 
initiattion of liltlowr cnc tnlrgence., lollo\td 
intindiatl\ b\ bagging the inoculated tillers 
atnd proiding sprinkler iigation mticc a day for 
15-20d , 1\.It s tUchtniquet_ \Wis t ed su.ccessi Ullv 
in the field to screen1 20(0 peatrl millet culti\trs att 
I('R ISAI Cetntelr flliing the 1981 rain ' scas)l, 
prtdtlcilftg jol t ',111 90' seVl'ily o)t hleads of 
stctibh. littnsIf. 1 h lticveI11tt \\ ill facilitate 
ttIi\ettnt ilf t h.major ,llit resistan e screen-
Ing act\it.\ front IIissar to I(R IS.\ ( n.ter, 
Mich \\ill ;llo\\ ntore tttaterial to lie screetted, 
better cotttrol of htntttidit\ because of, the 
sprinkler irrigation fIcilities at the Cettter, and 
sillultillu.os "clccilntg lor re'ista c to (owity 
Illi]dCew. clgot. attd stlUt. 

Identtification and1 1 tiiittimt of 

)isetse Resistance 

)uritg tite report periud the idct_ ttificat iot and 
utili/atiott of resisttnc to (lh\,,nv mildew., rlgot. 
smtut, and rust cottltilttl ed to he_ tntor atti vity iftca 
tile lrogratU. in Cooperatiott wlt ICR I.'/\I's 
pathlogists and breeders. ANs in lptc\ ions years. 

'rl'i hle 5. P ercenl ergot incidence in pearl millet hybrid 
I('i 105 follming seeding in 10 x 10 In isolition 
plots ;ri" ithout ergoil sclerlia in two experia itlh 


att I('RISAT (teter, 198O/81.
 

111-r -ilt org.I ii i v 
\ith \\ itiijt 

.18 1 )A I 5G 1 ) A I 18 1I A. I5A I' 

2 " ' K1 1 IO. 11 19 10 ,5 

(I. lays- al'ler pilil ng. 
I). + ingl,t i.s+l~id ti pltil petr lr(;j;tmlvn'l . 

c - ( w i i'rovi iI I ijill )h pt- r I riti I iivit I 

the I;lrg-scale held screening for dotvn\ rtildew 
and ergot \\is coindtucted at ICR ISAI ('ent r, 
ftor rust at otlr Blialnisagar coopeative 
research station ill southernt India. and for sllutt 
at our Ilissar station in norlheLrll India (though a 
successll sC.'cening techn1itqlUe0for s1tun1t \\'Is liso 
used it the feld at the (enter in the 1981 ralinV 
scasonl). 1iew mullilocttion testing of soulccs oI 
rCsiSl;tanCe identiliCd it the ('elt\r was coIntinuelId 
in cooperation with ICl ISAI cooperati\e pro
grain stal and \witf national program stall in 
\arious African countries and in Ilndia. All trials 
of thl All Itlia C'oordinated Millet Imprme
ntittt I)ro.iect (AICM IP) \ere scree~ned lotr resist
altce to thrle diseases. Breeding lities frot 
Miiidual plant brccdrs in India and the IISA 
were also screet ed, as a service to the pearl millet 
itprovemeilt research ctl ltlmmnity. Breeders 
and pathftlogists w\orked togcthetr it lhe cotttitu
ing progratll oti tili/ing do\\t tttild\\ resist
ance, ill efforts ti trallsfel ergol resistatce itot 
hylbrid secd partllis. itt ntili/atioll of' StUt resist

antce. and i the study of, the gctetics of' disease 
mesista tice. 

I. Down) Mide w 

Resistance screening at I( 'UII,,'I Center. Ap
proxititely 70(00 brecding lirnes were screetnted itn 
tie lield each s.asot trI )NI resistance during 

http:sillultillu.os


the 198) rainy season, the 198081 postrailv 
season, and fhe 1981 rainy seasotn, using the 
inlector-row screening teclhmtique. Aher 5 years 
of such screening inl two seasos each year. all 
but the ne\est materials in the prograi llow 
carvan ilceeptahelevelfl) NI resista nice that is 
ellectlivc iilIndia. 

l he results frolll screening eClliplasmil and 
AICMIP trials are sinilliai/ed in lable 0. 

Muliloalioiil lesting. Ile iniltilocaioll test-
iiig program contiiiiies to he i\iliuable inl the 
iteiitiicaliioil of stahie and lhcatioil ilonspecilic 
lesistaliccs. 

[lie 151)-eitrv 1981) 're-Intenational Pearl 
Millet I )o li N M ldc\ Niuirsery (1I' R E-
II'MIMN) \as e'\alliated in Ilpper \'oi 
(Kanihoinse). Nigetia I(Saiaril). and Ilndia 

I'io i t'.M.'c 69 

(ICRISAT Center). ()ne entry (1I 1423) was 
I)M-l'ree at all three locations, 60 entries were 

either Free or had less than I0(';1)M at all Ilca
tions, anid an additional 15 entries had no more 
than 15r' I)NI at any licatioli. )istinct location
specific reactions were evident ltol"several 

entries. Ilhese entries were either free oi had less 
titan l0('i I M al ICRISA!Y Center and at Kam
hoinsc hit developed high levels of i)M at 

S a mart11 
lie45-iitry 1981) IM II)MN trial was sent it( 

cooperators at 20 locations illIndia and West 
Alrica. )ata were received froi II locations. 
No eintry was I)NI-frce at ill locations. lhiee 
clitries(l:298-2-1-8.1 WC8220, and N1P171472-
I) had no ilre thal I0'i 1)NI at alily locatiol, 
and 33 enitries had less than 107 across-location 
lleali
seVelity values. 

I iitl 6. Ilit toiil iiliht'r of lint's screediit' for I) resitiiice ihiieriiiphisii ind All India (ordinited Millet
 
hi~lriip eliiel(I
'rojt'cl Iriils.niid the liimhers of lines free of I)M or with less thani 10% incidence. 
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Ilhe 150-enty 19I PR !-IPMI)MN trial "\as inoculated inllorcsccnccs and so no selections 

evalhuated at I('R IS,\ I (Center arid It Sillart. werc made (I able 7). 

IBl 8104. 29114. anti ' 535 "\ere )MI-frce at In our advanccd screens, 131 siiglc-plant 

both locations I' 13. I 1521). P452. P135. and IP selections from the 1979 initial screening \%cre 

227 had less than 10f I)IMat both locations, and tested if) a replicated trial. About 120tsingle 

41) test entries had across-location nitan sc\CIit lallts Irole sscptible entries 10( l'ot) 

were selected for Inrther c\lratiotu.ailnes of less than I(;. 

I[rt Nursery
Ihh45-cntr\ 1981 I1PMI)IN ttial \\assent to Fltm a 75-ctrtrx Pcarl Millet 

LO)pCato", at 2tl lOCations it India and Africa. (IPMI[N)go\\n illtile 198( anti 1981 railu\ sea

I)ata \%C.ie cc,'i.Cd lro1i1 11 loitiols. No entr sons. 59f' o[ the entries had less than ll0i Cgolt: 

\\.is)I-lrcc at all locations. but Ike etrie, (IP 292 sinle plants etc sclecte.d ioni these entries 

13. P 1521). I1452. I' 35 amd P227)dc\clopd less for Wirther caliiatioll. 

than It)' )NI at aill locations, and 39 entries had 
ncan DI ,seerit;\alues ol less thatn across Nt11tihcat ioin testing. Ihe 32-cnti\' 1980 IP 

locations. NI IN \was tcsted at t\mtoWest Alricall and sc\cll 

Itdiain locations. Fi,. entries (St -21 N )-5-4-I!-I

)vehlopnent of I)M resistanirce in atilltrasus- 6. 710448-I-[-2-1MI-3. I('I'I: 193-7. IC'NIPI 

192-16. and I(I'PI: 141-3) had across-locationsceptible line. We initiated this stnd\ itt 1979 


\\ith IP17142, an thta-I)M-snusccptihlc ctltiar rtueat crgot se\critic, of notl morc thtan lO(1.
 

ftot ('had. Itnthe 1979 rain\ season about 2(11111 tompated \',ith in the 1I 104.
351; trial check 

entries (tle I('AII! lines) \%Creplants \\Cre raised in our1t pcarl millet I )NI three ol these 

nurser\. arid 211 )NI-fIce plants \ertc selected crgot-rcsistant I lines h\Clopcd at IR ISAI 
lines also posand sclfcd. In .nItbSelnennt scasonls. progeni's ('enter. All Ike crgot-resistant 

hw clf scsscd c,.cls of rcsistaicc to stllttt and\\Clcadlanccd in the I) M ttunsci lingarld high 

sibbing I)M-lie plants. Illthe 1981 rain\ sea- dot\tv rtrilde\\ in India. 

\scc raised: 6 rctmained tile 1981 I I IN s\ith 29 entries \\as sent toson. 251 St pitgeni', 
I)NI-Icc. shilc 12 had less than 0i I )Nscer- cOOPtMatorS at 16 locatiotns il India and West 

toit\indices. these ICults prI0\idC additioIalC\i- Alrica. ! -silts rcCCi\Cd I Ionl six locatiots (tl 

d(cre an higlight tMe exciting possibilitics ora I I1)e I1981) siro s that is eentrics. dhld at 

dC\cloinlct tl I)XI-resistant \csio', tfaill IR IS.\I ('enter. had less thanlIt' ergot atall 

pearl millet tulti\ar, exploiting ttie scattcrcd rc- lorr Indian locations. but tlhe\ had higher Ic\cls 

sistance genes \sithitn tIe p pulation \ hile ruain- tlcrgot itthe tsso African locatiots (I able 8). 

taining the cltisrsit ()ler Bs the end I aitiv \\c hadorigintal characteris- of the 981 season 

tics. selected llorc than 2(1111 line, at the I',to I' 

stages of testi g., to dc\clop soulrces of elgot 

resistance. I iCsc \\crc derui\cd 1I1t01 crosses 

inivokl illergot l -N\-snsccptible gerlrplasrnt lines 

.l !\flicanr and Inlin; I origirts identified in our 

initial and ailarccd scrx'.'cns. I hit tccn I"-lirtClesistance screening at I('RISAT ('enter. 


ID)nuing Ile 1918 81 Cltrop seasonrs \wc screened bulks tested as I'.lines ini a leplicatcd tlial lIt
 

intotC than 1310(0 pcarl tril'ct litres itt inreplicated crgot leactions (firing the 1981 lainy season
 

initial trials. including gcruplalsrn lines frotl s\[I' found higl+ resistanMttoplt (Mca sevr-


Citilatcd to tire check lines (table 9).I alil Nadr (India). IWRISA I brceding trial it\- 2' jI). 

entries. Al]N1II, ilial Clitnics. IPNI I )MN Ih addition these line, \%Cie lrighil. Csistatll to
 

enrries. arid II)NISN Cntrli's. Miost of thCse slill and do\\ss llliluc\ , illIndia.
 

cnt ries wcc highI, ergot-sutptiIlec (rrore than
 

310' eC ri ,, and tilt'rtriaiing f.ss I'tiliaition (if resistance. Vigot resistance is
s's n it\)1. 
net~led IIuost inh\yblidl t do this it is lneccSslyernt re's ssitlh less ci got had \or\ pool seed set otl 
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'l';he7. Number of learl millet liles illariois cltegories of mean ergot severity an1d resistnt 1il selections at 
ICRISAT (enter, line 1980 to October 1981. 

No. ol 
N i. Iio'l vj illii sihii h
 

(INi (11' iml Ii r ( sevetit rity tol' 1lo11 iitS 
:11l Tril t-ntris I 1-2)lir < I0 21 -30 > 30 sehlec ud 

I nit il' 

(ormphs in11es 172 1 0 1 170 0 
I('ISAT hirwi-ding 
AI('ilI' trials 

Irinls 725 
:115 

'1l 
o 

159 
10 

190 
20 

335 
285 

0 
0 

II'MI I 
II MNN 

N 90) 
:12 

0 
I 

0 
2 

I 
3 

89 
20 

0 
0 

A,(I vlintlod/ 

St,it l timis i'r.imii il i iI st vr,ites 1311 I 17 18 85 120 

I'MIkN" 75 I.I 12 8I 22 

ili1 1 21) IltlIli l-d'I.I ' ' ( htl oitnd.o 11r'. 
h. Il; t i 21) Ill rill t i nu liie ilds vI V' ilt wi I ie ililvit slll. 

,'. N itrsi-V.,I' irlM ilhl 1,:rg,,l 


I;till(,8. Iercentl ergoi se, erilof ite fi%, 1981 altbest IP.'IIN liliesfour Indian and lio West Africnil location.. 

I \11I1-I lli ll I S 7 61 .; 

I111 I.;I-';-IG I I UIs :15 
I A11'1.;I.:l ii-.; I I I ,7 13) :15 

I \l'l; I;1 l-;.-,I II0 5 27 ,, 

, i5 t7 2 6 29 51 

lllw Iv lll 1''11~iS
,,'.~~~ii,1()-I()lo'1 i 11i1h.4iho . 

incorporate it into both pareilts involved.to Iirsi nlin. :lrgot-resistalit I["liles were crossed 1o 13 
I losecs-r ergoit resislance 'iil also be scli] in liles 1o incol'porate resistallce inlto male-stcrile 
s\nItclic va r i tes. lilies. 

Mltuc than 700 testertiss I hybrids \%cc tutadc In 1980 potrainseasolln we screeined 14file slll, 

1\ ICR ISA I biceders tuili/ing 20) crgot - I.,populations deriv'ed roil crosses between 
Iesistlanlt I, and I, line . All the hx'hrids serc two mnainlainer linles (505413 and 514111) and 
liehl. su,,ceptiblC ioClgtnt (.07-911 lmaillti il less 
il.wli. indicalilL that slm.seeptibililt ,doittt-

sC\er- tltre.e progenies siscclepi-ble to ergot (., 
201" ergot) Ior ergot incuidnce under artificial 



72 Peal .1lilv', 

TahIe 9. Ergot, smtut, andI dov ny mi die () I I) relic ions of some of ttie best ergo -resist a n I'7 liunc.s ( urin g Ihe 

1981 rainy season at I(rlSAT (enter. 
h

II,:l 	 Irg ''* S~l|It S.+(V! I)M iuhho r 

I I 't;11', I .- 0-I25 I I) (I
 
tI'I'HI 13,1-6-25 I 0
 

I(UNtll E I It I
:11)	 ;-

I'M 
1( 'N 'iF 1:1.l-(;-I I I) O
 

It'MI'I;:i, 1\ 1-1 	 •II-;-n} I 	 11t It0 

I(w _Gi,I I-! 1. 	 0)( 

H. 'MI . I:;,l I-G-9 1 0 0 
IP 'M I P: 134t- 1 0 

'M. I'I 1:1-,1-2 	 1 0 

\ , I(']'i*~-*( *{ 7,5 1('hoc1:--.( lk illIi~.t.~1 7.1 'tc lrvtmi .i~ •A3} 2112t 012:5x. 
HI (W1,(( 'l c k) 83{ 53,1 2 

U. 	 I(CMII"- I(C IS,AT] Mil l- Pthl~hogy. E'rgo)t, de(rivc,( I'rmnll c.r-s,..e,. ,J 22:)18, x Jl 2210)-2) m id 

I. 	 I el+u 4,11| .( igtll ol I hI.mi Frimi ftw r-plh.i li is, IIi 'rg(p and ,nitif inoltlitons wvri 
Ini { c ( m till ir d Ihic s;mwlq phin tl . 

i;i. int I iljiig I) S (1 ; I in I(ISA'i (tlicrW( aclim 	 -i lNt nursery. 

cpiphytotic conditions. MNore than 20)1 f the We used 12 ergot low-susceptible ]", lines to 
planllst in eillh F., pop[}lhitiln (4(( plaints were Constitute tlree synthetics, one of which (IC(MS 
intoculated in each population) registered 0-()(* 8034) had low ergot (14"i mean severity) and 
ergot. Ilo\\ver,. of this 1()(". ollr 73 plants reasonably good yield, Compared with I3. 104. 
(I.31 ) had adequate sced set. We inoc ulated 10 Under opelln-head inoculations. synthleti.cs and 
pllits of ca'h ol thlee 73 1., progenies. lroum ,ariics generally appear less ergot-suscptible 
which \,e se.:c.lc(l 52 ergot-iree plants \,iih good llan hybrids, which is (dle to the propensity of' 
seed set. I hls FI pr-og 'nis v, ill he platited it the vaIrieties at;d synthetics to es.a pe t hrough pollen 
ergo0t ttlrser'v in the 1981 postraly seasontl iiterfe rence. 

select further lor elgot recsistalinc and Imlake test-

Crosses (to nvaliatel nrllestorer' reacltioll) aind 3. S 

back.rosses to the noirestorer line. Another set 
ot (i6 I": ppulhiti otis wIs generated inl the 1981I IResistance screening. We scree ned 1570 pearl 

lIlIIlV scls;l( ising danced millet 'or smilut dlturing the 198(0oI iiellal ergot- liles rcsista tlce 
resistant lines and foutl Jiniih'tiler lines. I \o of and 1981 crop seasons at Ilissar atn(d I('RISA' 

tile lines with stable elgot resistance (I'MIT ('enter ill inilial and advatcied trials. In the 
I34-6-9 and I(MIT 134-618) \were illso (disco- initial trials more thai 000 liies werl tested 
Vered to be maintainers oI 1M in XIA. [hi incltiditig IRISA I hrmeding trial entri s. AC
observationipreselits the possibility of convert- MIlI trial entries. anti IPM IMN and P IIM!N 

ing them directl\' itto new elgot-resistant sei entries. Mvost of the l('RISA I bteeding trial 
pate+.nl.ts. entries and AICMIP till entries (partic tiarly 

http:pate+.nl.ts
http:synthleti.cs


11blids) \ Cr hihlY susclptible ( -30;Y Some entries (including SSC-I.S 252-S-4) had acros
ilblhic ntlnd populations showed less Ilall 10"i location mcan seventies bcetcn 2 and 5(*. In 
stul. Nlan ol [he IPI IN and II'MI)NN both \arssSamatit and Kano pros.id.t the grea
'lric,, losc't liu reislillce " test smilt pressure. withIgh l telslIntllU indications of possilC 
P n.i Mt.lu,lt. t Slil)0n ,il hedl,(\wIlh existence ol patho!"cnic vllriabilitv (lable 10). 
slIeIC seeLdl I \Cu'ieselc'tedI rtil 1. ;ilii on 
aind ,,clet I)'elopment flresistance. len'Iii ind utilizatioin 

,
il Il l,s ias 77 pli.o ant I7 lities 

L ill lii illCiesCrCenSc t t\ClC ticui\CLd tloll b tsscll 

In ticl ,t , ,i ' I a i t us,,. rnis- I. populations, . 11 F', littes, 5211 
CI Il t'+ite l' sttl Crosses sitllltit-rIsistantII 

iII fCIliL M ilk ic' rl NIillet ISmut tttl lted tn ll .'llid In t rtl lites. \%tue st tesistllice at I li sar 
\tirsti (IXISN. inlltl 571 l them \etc'hrigl dtiliing the 98) adt I)81 laill\ Casonlls. Abollt 
iC"iskilit .l .10it lc''lS c 30 isin (less thli 51 snititthan s iti.lc \5 31) it liirc', iitl ugrto
,CICLicld Ii titluli C'%iiiitiOlii i .tl 1t iltl lno ,.(hallsCneto ht1trticalhs god) \\Cre iteulitlictl 

lc iiicltllcl in [lie Ilitcrrliitiorr1 rll call NIillet 6l) ,,tiil-Ice sill plaints \%e' sclcuttlcd Iirle 
IIIMINX I. l 

Ill hribtids. ,c testltl 118 Ic tclos I-Is al Ilis
Illtilht'ntiolnItestilg. Ihli -'lriir. 1980)5() sail. usiie 25 sirlut-r'sistaint liies i,,pollinaitois 

11;\IS\ \\i CIsted ;itthl'' West Allicii ard on 5in lines (ll A. 51,.1 A. 5054A\.2.11)2A.and 
t reilelnulhzi hllitnli . () ,, Xl t tIes' Cne n Ian tit. 

"iiiii1 tis ,IC\ irlliu C'\ihllililituI.lid s'elctit i. 

I\% ulti'1I SS( '-I'S \). 11 lid l ino llill'sn 
.S. . -++iridl I 1 17-2-S-I-I )l-l I s~r\Cihighly IhCC'h\ briIds \\ill be riCested ill (R ISA I (Un

ie 5'liil Iiiie'Ill ,'s liliC 'S isClCC'ii It and 4' 1 t'ill the 1)S2 rains se nil 

iL'li L', i s. aid t fi c lier',I, I )(itr ))179. \wc lliade ce to iill tiittt 22 

L 5 L HI ,'%Cl tI1t1 trn li srtritl-ICistanrtii.Oi iilli tiC (d Ilss tlhiill 10i I sistillc" .,,\ sources 

il ie111C l I I \ISN \%ihr 2) rt2tlisC's tstC'd it (I.'1 1 1 7-1-3. III13.7-1-1, \V(-I'S 148, and 
,C\ii Iocitloli illIndlil and West \Itrica I2 S,' S 252) into I-U-M rts IA. liithe 1981 

Iabhe It. 'ertet ,inut ,tirili of ti st ill htst lilies illlilt I9)1) 1981 IM ISN at in Indila indrind 1 1 ,i trail hit'iliion 

\vsl African. 

\lll'%1. tl'itM.l 

P '1I. .\ T 

t I "IIi-2- -I- I(i'Illll II I ;t ili :ta 

F n'-IY I-7H-I 1 1I 1. I9 II 11 . 198" 19 
li.i 7lrS 
F I I •r i-2- 1

ii1 
I 

Itl 
I 

I !II 
I 

Iil 
I 

l iti 
I 

Iin 
I 

l i~l 
1i 

I! 
3 

IttH( I :1~ If.lI 21t 
3 31 

I i 1- I 
II(17-1 t 0t 0i t) I I 1D I 8 214 
\,11, 

,1 ----- -
I 

1 1 1 
1
1I 

0 1
1 

1"-712
1' 2 153 G 7 2 :1 

I.All - - - 11-I ) oI 0i 1)I 0 1 H , 1 3 2 
tAI' I. 1 7 I 1 1 .350)-g l I 1 1; 1 3l 2 '2 

l111 I1 01 I l :11 25 :11 72 6 8 51 72 

l 20-1j)-I' ill,1lhil'l1li li ., illI%,- v id i ilimli , ,il H l v W hon - d ir ' ili wl l 

tomll %, n- l wIIl mlodei . 
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rainy sCa on,57 d: dwarl progenies dcived ronil 
these crossCs and their respective testcrosscs on 
IC'M ins 81A were: plantcd in our Ilissar smut 
nurserry. Smut incidence on tl.' ['. progenies %%as 
lluch lower than on ihc ts.' crosses ([able I). 
lwelnt\-two tcstcrosscs \wCr stcri., aud the pro. 
genies derived from the corresponding main-
tainer parents for smuiti resista nce \will he retested 
for po,s,,,Ie co ercrsion into sced parents. 

I sing 37 smtut Io\-stiicepihilc lines. acomlpo-
site population constituted it 1979. In the',its 


198( and 1981 rainy seasons, 562 S and 244 S. 
plogcnie ,rcpecticly. \wCre screened at Ilissar. 
At S., tcsting ahout 5.1I'' of the progenies sho\,cd 
high smtut resistance I 1(' s evrity). Compared 
to on7)8('(tof bg,.Ilc.,dbowing less thanl 1'( 
smit at .%stage,+',
indicating rapid itmprmemn''nt 
for sIllut resIstancc illthis Collposite. 

4. 	Rust 

Inilil screening. ( icrmplism and otherdisease-
:'esistant mnateial xcrc initiall screened :it the 
South Indian rust "hol-spot, Oihavunisagar. in 
the 198(1 and 1981 rail]\ seails. 

TableII. Percent U smjt incidenc en I' progenies 
and their testcrosses (Hlissar, 1981 rain) season). 

,., l 


o-01 2 50 8 
1 -210 5 9 :1 '5 
21 -:t1) .5 2i; I 1 
I-,t) ftI 1o 0 
,I- 5 !1 1 . 

51 GO I.I 25 I 2 
(il.71) '1 7 I 
71 80 1 2 0 01 
91 1002 0 (191It)
too) 

ial 57 57 

(. 	 lansed 4)1Ii ili'a.iialid pt;.ais (ilv hii:iu 
plant) twr IIry.t 

In 1980, 1259 gerniplasm accessions were 
screened: 298 W",- rust-lre., and 468 had less 
than I(0' rust. Many ofthe remaining acccsions 
had 65-I00"; rust. 

In 1981. 1072 grmpnlasm accessions were 
scrccnc:+I 276 were ust-frhce, and a u additional 
414 had I0('i severity on the topless than rust 

'our leaves.
 

01' 58 ergot ilnd I -susceptible
lsnut lines 
tested in 1981,none was rust-frce: 20 entries had 
less thal 1('(' lust, and rust was moderate to 
sC\CrC on the remainder. 

Rust reactions of I)NI-resistant entries 
included il1980(ano 1981 II,-II)NII)NIN trials 
were also ealtiated. 01 tl 1 (0 ITR L-I I I)M N 
etries., 35 had no itst, 08 ad oly 5v'+rust. 110 
showed l(17 lUt. w\hile the raiIllii ng entries 
hItd 25((' or mo IutI. 

NI1ulIiHOCilliol tCSting. In 198(0 Mc sent a 33-
Cntiv International Pearl NIillet Rust Nurserv' 
(I PM RN) trial to cooperators iinIndia and 
recCi\cd resu_,lts, from si.x locatis. Rust pressilre 
\\its lo\s at ILudhiana. low to uioderite at II issar 
and Imhavanisagar. moderate at Kudtimniamalai 
and Kom ilpatti, and .,circat I tPune. Noeiutrv \,%as 
rust-frce itall locations. [nines 70(1481-21-8 and 

)II2084-I (lscelopcd Iess than 10i rust at all loca
tions. and I) 1+ had less, than 10(' [-list at all ltea
tions except Koillpatti. ()thcr protuisiug tries 

\Ire Souna NaMli. I) 212-PI . 711()4XI-7-5. and 
7((481-35-7. S\oeral Ctrie s',uaSsed distinct dil-

Alternative Disease ('ontrol MLto ils 

Ergot control through pollen manigenent. 
Iased on our last \car's results (IC'ISAI 
1979 80 Annmal Report). \c conducted a rCplI
cated tritl in olation plots during the 1980 

rainy .eion ttICR< ISAI (ent,.r tolurther ev'aln)ate lht potnililb for ertgot controld ltrolugh 

pollen i ilaniten. \hrid IIl m n inI t. I ' 104 \ ,ssss 
nine isotii Plsm io.s x 20 in) or(32 \sill, 
5,ithotl tCi' pollen donor line S( 2(NI5-4. In 
three plots lhe poIl ' - 11donIoi line was planted 
hetweell e'V lotr row' 4 1. 104 and hesIxl 



75 liioiic *ics. 

C%crv eight rows in the other tihrec plots. Ilie 
icii:iinii tiiIC plots vc planted 1\ithn tile 
ptl l d ilioi. All nine pl)ts \crc spray-

iict1C'ulaited t0ti1 tuncs \ith lIIIcvcdt.' cOlidial 

Suispensiocn at 2-tfav itcrn ak liliig the prt1-


iyy stiage of 1limering. Iit!)t incideec and 
c\ crish scr\atitls \\,.'crecciredI fron tile 

t eIl 1 Itll of tile16 CC11trll i\\s ileIch p)lot. 
I SMits ile p)llindcc(ii ill It } cciiihinia-it l .
 
ti0IS. lId siL'1ili,.C';1tt\ C11 phls
It""s, t 111;11 tilete 

\\ill t :no I tlell
(orl ( lahlC 12). 

;'\\ 
li ria lofhi hii I(W II 20( d tllot 

In ilt' 19I1 rai;6y s'oii \,e eL!c dniclcistrar-
A 0 i. hollcii 

Inut S( 21I)5-4 il lh,+ er(ot nuIr\sCIA. l %l;plots 
\"t-tccietaibl'lilt-(32 rcisc,'O\2(il).hkilth lhIl 

huic, inlid tie p'Wlh.i pdaited
t\,O \\ itll dolll 

bCit ciU \t'l'hMII tWIs of 111II01. Ii'h
I'if pi U. ra',t'eIL'd h\ ");.\ -ilocnilliltii 
lie pl:!s s tinlut,diiirig lhMcthilig.iald 1)' prI)-
\f iig high \lit thl h o \'ei1citiad*ii 
'puiiklIc irriiniou. I);ita aloiil the cnlrirrII;16 Ill 
01 th lil t . tof thi plht ,luolll( thattu'l( ll 
cluo(t ii hicc NMI ',c\lil,,'s \\Clc sigilicaill. 
tcdiI'dil tel l)t1 slit1 lI t clli t(01nor1 ( lahc 
12). fli C iL,lt (,1i, lt tc\\,c'islullstrial,' 
Ilt1hihiic lifit the pltci.rtill lccCrgL'!cuiitrifl 
1hlimi'hi pllil il;aleWiltlt 

Insect Pests 

Ill clitIlltIlalice of (bscr\athiuial acti\itics to 
ctablih iiourms flo-pest he\els this crop attill 

I('RISA I Centel. \V'Inoilured insect ilci
dclice oi lur cliltivars i 1980 81: hybrids 11M 
11)4 and ill105. yariy \'-'75,and a "local" 
hlnidrace finim the eastern (llats o1 India. 
Inteile )rainyesciS lt apllid(II (c a/o.ki. 

/dummahl. ) poputlati(un \.as lairiy high (152
-l67 aphids 1( SLdlings) dillin the fit \\cck oi 
Alslt. hle .hnoothug ( 11'rc'rincs muidi.%) 
appeared I ilicuntlhaftc pltng.\vilh naxinum 
acti it durilg the lirst week of Septeber (4-43 
bits tO plants). Insects tul iinpcirtnccof nlhlcr 

+
obsel.r\cd on the crop lweore siot l].I,''"rtomi 
,pp/'.ki alla). stemiln bcr 1( 1/u /c0IarIe'/ia and 
.SC%' SP). orll' (,I'i"il lu .\'/c(l a).minl l'rIYA\ 
rt'dpumpkin bectlc (.ll 'o/]hora -cc /i.),/ 
red cittllii hug (/ly.,,/c'rAv'u+/).stinkA'0 bugs 
(c''-au ciriul/a and Iki.cra/a sp). hicadlug 
(a/C(cc.'i.% an,wiimalmU ), hicad\vcrrnl (lh''iclhi.\ 
ar pIi,'i'ra). and thrips (7// 1, sp). I) ring tile 
i9I 81 postrain.\ seasorn. onhf tlsilesotlug(P. 
maidi.) sli\,cd fliglier acti,.' d ring the first 
\\cck ci Marci (75-1 12 bugs f00 plants) coi
pared to the raily sason. MillOl" lests that were seen 

I cahh I'rrcelt c ipct incideihce ;rd svi cril' iun12. hs ccIp'arl nillt h,,Inrids (li1J 4nid (11 2(16) gro n wiih and 
i i ml lilt' r lrc S(C-2( .N)5-4 ill cdifferenct cdccnllihnlcticon% uicld inc t't ,,ilergctluriung tie 1980 andici polI , n 
1981 ralill) ,,,,t,l ls+.
 

I~~~~~ I d:scr% lIr,ct n'iii. ll r I miri 

'lrt..il
m, i 

II I'ri(I ;11, til tcII lIrid , l ,lh, I,r 
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l I lI' I('ft2ti"'-

III jhit eiS{w 'i''vvv ril v' Inm'id inlut. Sv.vri ly 
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86(;7 W) 1008 57 

62 7 

3.5 2.: t.9 

,,tI cii 

, i;rt,,tl I t1i i iioi l it in ic I-I i r ill t .t rsuili rll ccI cllrl'.I 
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in the postrainy season not observed during the 

rainy season were tile leaf beetle (('hawnma 

mimnta), the diuskyv cotton bug (Ox *'.carenussp), 

cutworms (Agrotis sp), aid Sipodotera liura. 
()bservations on leaf damage caused byariy-

worI and cotton grey \weevil (.1l/'/oh 'rms sp) ill 

hybrid trials at ICRISAT (enter and Ilissar. 

respectively. shmo ,ed that hybrids where II IA 

was the Iemiale parent were dlamaged less. 

Screening for resistance. I)ring stimmer 1981. 
exposed to a natrl347 germplasm lines were 

attack of'shoot Ily at Bhavanisagar: damage var-

. We will retest 99 linesied between 0 and 46(* 

that showed less than 5('i (kimage. 

We tested a set of 40 germplasin lines in a 

screenhouse at ICR ISA] ('Cnter against tile 

arm -worm. A set of five resistant andoriental 
two hybridfive susceptible lines together w;th 

104, was picked up from 
these lines and reevaiuated under "no choice" 
checks (113.1 M BI I I 10) 

conditions. Sotuga Local, 700112. II B 228. 
Mfill 110, and I) 1050-1 were le s damaged 

compa red to SA R 57, 13.I 104, and SAi) 4031 

(Table 13). 

Grain Nutritional Qualit y 

About 4200 lines of pearl millet representing 

composites, svnthetics, and itibreds and 1040 

germplasl accessions were analyzed for protein 
and Ivsinc contentslusing ra pid methods. Protein 

content in these samples ranged from 5.3 to 

22. I". A limited study with 100 selected germ
plasm accessions thait originai ted from Nigerand 

Nigeria showcd that theh protein content varied 

f1rom 15.5 to 20.2"i. while their 100-grain 

i 13. amd dry-sweiglut consumptionhyTahIh ILt'af area 
insar larva e of l1yth/i nta separata on pearl 

a Mailllet genotypes testedIin :screenhouse I(CRISAT 

(enter, 1981. 

i,, IJll'1 r()'I II 'd IailII1l:1g'
() Illg lillIill(h'k,1 d y lw S (100 ('111 

15 2.1 I.8 

.itt IIt ,1 22 2.3 
11 15-1 5 54 2.2 

7(01 12 67 35 2.3 
N 'P :110 - 68 51 2.7n50 85 

I11n 228 70n38 2.5 
I' 181 81 55 3.3 

5 t I.0I' 3081 82 

88 5:1 4.7SAD ,I'1l: 

1' 27511 88 50 .0
 

(1hv ck 5.0 

i G 5( 
IWl 1040, 91 59 

SAlt 57 (ch,k) (9 


I'S i il.0. 7.5 0.,
 

-


(. (mwii larva mar idh l w;i, c it t',,r 21 hr.
 

h. 	 I = < 111%, II lcl'(Imnigi- 2 - 11-2(. 1
 

.>. . .
25-10. . 1 1 6 
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weight ranged from 3.2 to 12.8 g. h'hccorrelation grains was tested by pressing them periodically
between protein content anid grain weight was between two glass slides to ascertain the time
significant bt weak (r = -0.24, P < 0.05). needed for cooking each sample. The cooking
II her st Ilies oin Ile utility of these lines are in lime varied I'rom IX to 25 rain, lnd the volume 

progrless. 
and weight of grains after co, iking increased by 
ahhout 212 antd 156!; over tlhe initial volume andlFood Quality weight, respectively (Table 14). 'The quality of 
tle cooked .soru was evaluated for appea ranc

We evaluated 30 germ plasm aceessions olbt;ined and sol'Iness independently by three panelists.
lroin lIttar lradesh for their cliapati-making The cultivars I.C13 10 and .Ioli were rated good, 
quality, including dough stickiness. A lew of the while I(II 226 and M1311 110 were rated poor.
cultivars with creainv white grains (SAR 2042.
 
2075. 249, and 2074) produced acceptable Plant Improvement
 
chapat is.
 

Millet grains ai used to make different kinds Ill tie devclopment of genotypes our pritnary
of porriidges (thick or thin in consistency) ill objective has been to produce useful material for
se\eral regions of Africa and India. In Africa tlie other breeders and agronomists, to develop new 
thick porridges are klno ii by such local aines varieties and hybrids for international testing, 
as 1lgali, mhlo.s.1iri, ko o, au/.uet1/h, .hima, and to discover the inheritance of' useftil traits
A/i, etc. lhe thin i)orridtgcs are called 11/,or, and how to best utilize them. lo this end ve have 
N'ov, u/i, /,ht'ra, Aiz/ ,gulll/i, etc. We evalluIatedl increasingly mobilized new variability from 
thl porridge-making quality of 25 millet cultiv- gernplasin, worked more closely with patholo
*irs. I lie graims \were ground in a I Idv cvclole gists, physiulugists, andl microbiologists, and]
mill t) p;ss through 0.4-u1n screen. A 10-g por- utilited different lo-'ations for early-generation 
lion wholc-grain flour was cooked ill 50 inil selection.
 
hoiling distilled Nutter Ir 7 miii. and the contelits
 
\were iruailslhrletd to 
petli dishes uad all(oscd to Mobilization o''
 
COol at 100111 temlperature for 31)1l1in. 
 1li cki- ( l of rinphisrn
less and i;ppei;ralice of the porridge \\crc suim ec- Mohili/ation of' geiniplasm is handled by ICR I
ti\elh cxalliated h\ three panelists scalehRsinu SAl ('enter's sonurce-nlaterialI project, which has
 
o1 I to 5, \here I is ratCd good and 5 is poor. grown in recent \,ears into tile major source of

('ulltirs 
 )(" 3. IIS I. I3. 1(14. and Saniarka new\ variabilit.Ifceding other ICRISAT Center 
local \%ere 'oot lr making thick porridges, pro.ects and natioluil breeders(l:ig.10). Material
 
Mhile IK 560. N('-K77. 1('11 226. and I('NIS 
 Iorn this proJect has proved particularly useful

771) w\erc good for thin porridges. 
 l he latter to ICRISAV breeders in Africa. The progenies 
group of cilivars (fill [ot pi idice thick 11or1- front11 crosses made ill the first phase ofthis; pro
ridges ecen titer prolonged 
 cooking. Fiurlther .eci during 1976-1979, which included I number 
siludic, are under way t( elucidate tile e1fctors of West African breeders' populations, are now 
that Inflluence the cooking qualitY (, tile sufficiently inbred to enter the lermainent 
porridges. Source Material Inbred Nursery (SMIN), which 

Millet grain is also cookedI like rice ill India no\%hals 419 entries. 
ald is called S.,,o' (I aniil Nadu). ghugri ((IuJa- Ill phase two, which bega in 1979, crosses 
rat), and .I1m1-kooI ," Ao/u1 (Rajisthan). Ill %%ere first made betwen gi-ips (' lines with 
tests (f 12 genotypes for their.soru-making ahil- specific characteristics and selected accessions 
itv. tile grllis \%el-,' dellled by the Iratitiona,I from West Africa. In 198(0 designated crosses 
iliethmi, winio\\eI. ini( cooked like rice by h il- and hackcrosses with \arieties identified by

ing 5g ofdehiilled grains ofeach cultixar in 50 tl I('RISAT breeders in \Vest Africa were also 
distilled \%ater. I)uring cooking. softness of included. 

http:breeders(l:ig.10


Table 14. Cooking characteristics of pearl millet : rma 
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hg and F2 populations of ihese crosses have 

provided usefhi selections in Miali, ipper \'olta. 

Niger. Nigeria, Senegal, and Sudan. Ihe same 
populations grown in India have also provided 

new liles, which are now in the ", toIF] stage. 
In Ih ! 1980 postriiny season, ;I Wide range of' 

varieties from West Atrica \ere plantcd in the 

]lustClItr LllaillinI. isOlalioi area (I I:QIA). 
s, hcre crlsses \were niade allmong these and with 

13 establishc.l inbreds. ( )ver 700 Ii s were gener-

ated using this material. In response to requests, 

an assortment of these Fi.s \kits sent to our six 

Alricaln locations for valuaitioll ill the 1981 

rain\' slaSOll. A, sClcCtCd set w alsoOsplantCd ill 

lliiauanisagar ill India, in order to select colmbi-

ialiolls that would holld prlnise Ior India. [he 

\trican plogiais. retained ii proporl ion of' 

these ]'s. based oil visual ea\illatololns. Ilituritv. 

plant height, head cirIcteristics,and discasc 

resistalnce, t)tbe grolwn aS 1*, populatiois ill 

1982. 
P relininary analysis (f tile dilla rclurllcd indi-

cated that IlFgo x Sonlla clllbinations were 

valuable at Samaro, Maradi, Bhavanisagar, 
imbey, and Cinzna. logo x Sani o crosses 

were found promising at Ci niani, Kainhoinse, 
and I)'Obeid; Souna (carly) x Sanio (late) 
crossCs showed promise at (in/a na and Sa marun: 
and crosses of' So ia millets of' Mali with Barbh, 

NBf. I lcine Kheri (lPr:cocc), lx Fohrnn. and 

Zanlarwa \were 'in( to be of value at Kail
hoinse. The data i'CturlIC( indicaitC that the prob

ability If a cross being useful is high when one of' 

the parents involved is of local origin. Ilowcver, 

it seenis that sole cross combinations show i 

wide adaptability (cxanlplc: logo x Souna), 

SUppl11orting the hypothesis that solic particular 

landraces can he io\Cd with ease iCr'Oss lali

tides in West Africa. 

[li logo poLpulatioln ohtained Irom our sta

tilln at Kamboinsc ill tpper Volta is )l"special 

parcnital worth because of iis earliness (42 days 

to 50"i bloom). short height (15) clmi), opcn can

opy, bold grain (9 g 1000 grain), and 'ree tiller

ing. About 3)1) S progenies were evaltiated at 

]lhavanisagar in 1981 in a replicated trial, and 
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Figure 10. Source-Iliternhil project ail I'RISAT Center. 

over 0( , progenies were dCe.lopcd for vllma-
tion in 1982. This pPiltiol il o combines well 
ill cross-comlibilitiolns. 

e hlme ide ltiflcd sevCllI sources of d ownv 
mi ew and Smut rcsistince ill the progellies 
(it ved lrom source mtiliii x iilpted inbrcds 
crosses. AIlCMIP Resource Nursery initiated in 
1981 and distribuled to live locitioilns ill India 
contains 34 sotirce maleriil inbreds. 

Increase in Biotmass ProdIuctioIl 

Our carlier anlyisis of the growth of' short-
sCasol mill~ts strcs; ed that earl' flo-al initiitioln l 

results in reduced leaf-irea development and 
radiation interception, ill fhe whole of the crop 
life cycle (ICRISAI 1977,,78 Annual Report). 
Although these millets are efficient in pmtit ion
m&dry iitter into gmrin prod uction, their yields 
ire probably limited by low riadiation interce p

tion and low dr,-imtier production. Otir plant
ing (ltc studies indicite thit I relitively, small 
'vainaliollnin the length of thle vegetativc period (7 

da\'s) call resilt in t\\o- to threefold vairiation in 
lef ir at panicle initiition. It therefore 
appcared likely tlhit i s ll increise in the veget
ilive period would resuilt in a substantiil 
increase in dry-matter production and possibly 
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in grain yield. Because pearl millet is a quantita-

tively short-day plant, this hypothesis can be 
tested by using artificial daylcngth extension to" 


delay floral initiation and to extend the vegeta-
tive period. We cond ucted such aiexperiment in 
the 1981 rainy season with three tall and three 

dwarf FIhybrids, inl both normal and extcnded 
davlength conditions at ICRISA I Center. The.5 
dwarf Iivbrids were included because we thought 
that their generally het ter harvcst index would 
improve the potential for grail) yield increase in 
tie extended davlerigth conditions. 

Effects of daylenlgth on phenology and crop 
growth. Extension of tie normal daylength of ') 

13.0-13.5 hr to 16.0-16.5 fir from emergence to 40 
days later resulted in delay in panicle initiation 
(Pl) ol'approximately 13 days in all cultivars and 
a 21 -day delav in flowering for the tall hybrids 
(B.1 104, N1II 110, and ('11 412) and 15 days 
for the dwarf hybrids (IOs 8IA crosses) (Tahle 
15). ILeat-arca index (I.AI) at I increased at 
least twofold in all cultivars (Fig. II). The rcla-
tionship of ILAI at Ill and days to IlN appeared 
similar for all cultivars, with an increase of 0.5 
m 2 leaf area, &-'(= 0.5 L.A I) for each 5.5 days 
delay in Pl. 

Ihe additional leaf'area developed in response 

Iodelay in Pl produced an increase in the radia-
tion interception and in dry matter prior to flow-

INIIItI 10 

: 

. 

y 
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i 1(II;'S1 :\ 
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IOnYv,, Io Imnuhl initiationl 

Figure II. Leaf-area index (tI,)at panicle initialion 
(111)in norimal (open symbols) and extended (solid 
symbols) daylenglth treatments for six cultivars. 

cring ili the extended daylength treat ment. As ili 
tile case ofdl',s to P1 and ILAI relationship, dry 
weight at flowering also increased in proportion 
to the time taken to flowering for all cultivars. 

In addition to the total dry-matter increaseat 
Flowering. there was an increase in dry weight of 
the heads (reprod nctive structures) at flowering, 
indicating a potential for increased grain yields. 
This increase was also proportional to time to 

10.1 
11 2x tll) 

1 
'I A 

A 

Y 0.)0. s 1 
0. J _S.21 

r---T- - \ 

2) 25 :1 :15 .10 

Trle 15. Mean da)s to panicle initiation (1Il) 11d(1flowrering (lI) as influenced h)Vartificial extension of daylength 
in pearl millet. 
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,:lFd, Norm.I 
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NImleded 
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tz  
dayvh'nlhb day ,, 14 h dil'hvilglh 

11,1 1011 17 21) 14 65 
MI1I 110 Ill 28 'ft ("2 
t11 .112 2:1 :6 60 80 
81 x 349 2:1 35 52 68 
81 A x :150 2:1 :14 50 t64f 
81A x T,I 2:1 :15 50 (14 

(I. Normal: 1:t.0t to 1:.5 hr. 
h, ;xtemnd d: It)1t .0 16.5 hr. 
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flowering, but of a lesser magnitude than file 
increase il total (fry-rinatter production (Fig. 12), 
e.g.. a 15-day delay in flowering was etluivalent 

to ;a increase of 45 g n inllhead weight for an 
early cltiv~ar slightlv more than 5("'. 

ields and yield col)O-CEffects of day'length oin 

ilents. For tall hybrids, the vield of individual 
heads ,%as increased hy 70('; due to an increast 
Iin n till b)Cr pet head (lable 16. Fig. 13). 
llo \C\cr., this r.sulted in o l y a IV); oveir ll 

inc're.'asC Ill graiu yiCld. Ib'C;I nC Of significali 1 

deceascs inl prodllcti\c tiller llli bers (tlos 
tillers that produce gralin) per square lllci fori 
ill cult i\ars in the cxtended days( I able 16). [his 
I)[rOdueti\C tiller nuiitbrl decrease \\ ith extended(li,,s hid ben b~+scrs ci hK us earl ier also) .~ 
rU'ahcti r atr.ebetiller :ulcrs arc tommone 


of \fric.an cltnias als thtll fllloer ica(()-( 


das\,. Wh\ this occurs is t10t known, hul it
 
appelrs to he an apical dominance pheCrlo
itniioii. as tlwtunproducti\c tillers arc Capable of'
 
Comipleting theii dch)loo icl I the main shoot 

is r(Me,.(l, lo', podluctie iler tnulbers are 

carV an unndesirahe trait in clns C+'p yield
fIerO 

,1tCtltlil. altholh tile\ llaV hI;vc adaltive: 
\iliie ill ens iroulcnts \s hrc moist;r and icr Il-
t, rsn s ae nt sufllicienlt to sulpport mnany 

tillers. A search ot the germl plasil for mediul to 
lop-dluraltion tllivars \5.ith110t this trait would 
appeali to be inlpollat for long-tcrm yield 
poltcnlial imllro\cmcnt ill pe.arl millet, at least 
fot Certain elnI ilroniIc,,ts. 

Table l.6 lffect of d:i length extensi(n oitiehld altribules 

PI'II Inlrwm'nll 

"MIMi 1I0 
11I,1(1

11) 8(A x (511 * 

8 IA x I, 
(.t) 

-7
I 

to

-
H 

1; 
-

-
Y 2 
r 0.88, 
r0. 

17.1 
sy.x .!16.35 

. . - X,1 SI) 55 Git 0G5 7(H 
, ' h flt, ring 

ligmire 12. I)r) s.,eignt (1l)W) o)f p~auicles at floweringl 
(I"I) for n)rmal (open symbols) and extended (closed 
symbols) daylength treatments for five cultivars. 

In the dwarf hybrids despite a 17(' increase inl 
the yield of indi'idnal heads, due t ain increase 
it grain number per head, there was a significant 
rednction in overall yields in the extended-day 
teatmellnt. *Ihese cuthivars suffered from a sub

stalntial reduction inl grain si/c in long-day treat
neits, in addition to the reduction in productive 
tiller nnmber l( I able 16). lhe grains in the heads 
of these cultivars werl' so tightly packed that 

individual gains appeared to ledeformed. l:sti
mates of gra;n numbhers per unit surf area ofti 

-(Mean S E) in fill and dwarf pearl millet hybrids!' 

't'iv Ihif;ittrilIptI ., 
N ,m I 

(h(KhgIlh 
1" ':N11d,'I

shyhvngl 
N,)tm m I 
I vh' gth I 

1.:x I,Pidl,.d
d; l hIvI I ll 

i' I (icr ii; :'rIt15 ,I,. 23 2.8 28 1 1.7 201 (.7 
Ifod Ieci"Il.h ('11) 2(1 (.4 25 -( 0.2 27 0.2 :12 01.4 
',r: in hwdl:150 1llt 2-121 55 212(0 175 2950 188 

i;r; iIi; S 1h(g 
ilt) nl;t; ;%t(l 

1i; :2() 
(.8i 

1l(.8 
(I. 0!2 

35, 1G. 1 
(1.81t 1 (((8 

29! 
(.0( 

;1.) 
0(.0231 

'55 
(0.51 

13.8 
01020 

,rIl (iu. l.....ll') 17.4 1.1 It).I I ((.!i9' 1t9 2 . ((.15 21.5 . 0.53 

a- II'1I .11(2 w i'. -xtI,l (14 I'r(Ir1n)il;;yic Ill ;[Iful; l l; Im ;1 hi ' lll, . , (Ih; vxu t llxi vi ,rl ll illtu,-cit illn . 
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All 00.,76 

Figure 13. Panicles of hybrid B.1 104 from normal 

(left) and extendetd (right) daylength treatments. 

tile ear (grain packing) indicated that this 

parameter increased in all cultivars in the 

extended daylength treatment, but that tie abso-

lute densities were higher in the dwarf than tile 

tall cultivars. Grain packing and grain size 

appeared to be inversely related in the dwarf 

cutiars (Fig. 14), which suggested that tile 

extended daylength niaysmaller grain si/e illtile 
Of tile 11Intrilsed graXin
haIve beet.a direct lCS[lll 


density. [his is tile first tile we liae doc-

it will ricedmented such a rltion ,lip alnd 

Iurther study, but the results suggest that the tusc 

o1 grain packing as a positive selection criterion 

in long-duration cultivars should he approached 
with caution. 

Production of New Seed Parents 

Ornl\' tihree riae-sterile liites (seed partnits) 

5054A, 514 1A, and IlIA are being exten-
si vel\ tised ( new hybrids. loti India to make 

widen tile genetic base of tIre seed parelnt gerln-

plasm arid enhance tile probability olgcnerating 
h\brids with higheryields arid disease resistance, 

\we are paying ircrreased attention to ( I) convert-

ing te\ sources of nonrestorers into male-sterile 

ilnes, and (2) incorprating resistances. particu-

Y 
0).92 

- 0.02 X0.88-
0 

Y- 1.25 
o r 0.80, sy . ±0.057 

0.8-1 

001.801 

0 

0
 
-
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ti G8710.72 o 

0.1;tI 

(I .(;()

- . F. . 

210 22 2.1 26 28 t10 
;r(in ,h-tlsit' hp,.' rj\l( 

Figure 14. Grain size (lt0-grain meight) relationship 

tot grain density the normal (open s .inhols) aind tiheill 

etended (closed symb)ls) da1length treatments. 

)1ata points are individull head means ior h,,hrid 
81A350. Mleans are of three o)servalions for 110

graini s,ight and seen olsermations forgraindensil, 

taken from lietcentral region of the panicle. 

the currently usedlarly to ergot and smut. irInto 
and promising but otherwise susceptible seed 

parents. Intileicanltime, we have successfully 

used a mutational breeding approach (gamma 

irradiation) to develop three downy mildew res

istant versiois ola highly susceptible seed parent 

(2311:A). which otherwise is a good general 

combiner. IDuring 9() the three best pairs of 
(Irived 2311)A and 231),B were multiplied in 

isolaion. One of tileversions. ICM Ins 81A, 

which prodaces superior hybrids v:t, supplied 

(along with ICM ins 81B) to mia pearl millet 

blrceder in India. A comparison oi morphologi

cal characters of I1CM ins 8 1A with hrec coin

mon iiale-sterile lines used in India is given in 



Table 17. The ,ther Itwo male-sterile versions will I nIprovement of 
he calItatcd for their combining ability in 1982. Composite Populiations 

Yiells in ;a25-entry trial (il hybrids ol ins XI A 
in I981 were up) to 32' more than 11. 10.1, () I I Comlposites tinder reei cent selection, wc 
coIleIcd with si ior othnI mnildwI.resistancc. continued 6 in liultilocat ion S. progeny testing 
Fight otilol an additional 275 testcrosses oin ins and switched 5 in 198 1to a simpler, nodified half
8A \\ere ills,) relained or tre\aluatilion./\ sih sysltem. This olfers advantages in terls of 
Irllthel and possib:vly tile illost valiuble attiibite reducd resource needs, increased phenotype 
ol ills 81A is the Iiglir rate and certalinty with selection oIn I single selled-plant basis, and oppor

tilicib lie\\ male ,ltiles Can bed isco er\cid using tuniLis bIul- gen testing for Stress f'actors 
it its a WWts . I lie discocm-v tatle is tcalv lotur aflTecing seedling estlllishlllcnl, while laill
tiics the pa'slOtiS aUtlgi: of tl.(3'7 of \crificd taining suhstantial genctic ariiation in the 
nnlrt'estolrers (liit ol ( 40) testlosscs tisiug the pipulatiolln. 
thrce staidaid nIlahe-stelile lilnes), and alihels Altcr 3 y'ears of testing ill AICMIP trials., 
s liilm iaei-C IIc stClile are clCarl\' icc'tli/alC ill followcd bv 2 learsof yield tests inl minikit dem-
Icttrosses using ilns 81 . olltratiolls all over tle countir, our experinlen

I:5alualiln oIl 35) .teStrosses miae il li \ tilt \aletv WC-('75 w+a.s recommended for 
nmalC-stCilC [x-loinu lies (at fifth aikcross relcasc)y\A Il(lMi'at its 1981 annualworkshop. 
shia- iml,sUiitUnr I981) indicatedl that these Seed Besides being comparable ill grain yield (Table 
palt.its plrid tilte OpltiOti, i (le\Ciloing 18) to the commercial check, hybrid I.I 104. this 
Ii\l iids for both Indian and A)ric'an sittuiations. \arict yihelds about 20V7 more floddlr and pos-
I touigh ialli pollinators \\Cr- good combiners, sesses a high lC\l (if stable resistance to dowlny 
logo ialelial antid S l -aaccesions (frlolt milde\. \V('-1177, an experimental varicty devc
lAi) \C lc found to he parti-liall\rill oisiIg loped Wots from a later cye othellc World 

mCItur s i inIlld tlill hybiids stitiable for India (Composite as W( -(75. has compact heads and 
aMid Africa, tespeetis.-l. I lie Irle.teCnC' of 1tol1- more tillers than \V'C-(75 and has dore consist

iC"IOIre line', tilhese ml'-sterile lins ' ais entlv \%cll il the Al(MI I trials, yielding about 
101111(d to b iis Ilgh it.S those (l WCM InS 8 A. .i more than B.I 104 and \VC-C75. in 198! it 

Atllotlelr goulp (of 1( potetiial mlale-sterile \sas retained along \with IVS-P77 for the 2nd 
lint lirl. Allican in origin inld at the sc-ond year of testiig in AIUM IP's Advanced Iopttla
or thild hackcross stage ill further broadeln lion Trial (APi). IV(" 5454, a progeny variety 

ile \ihitbility. in seed par'ents. (eveloipedl from the Initervarietal (Colipositc, 

Tahl' 17. Morphoiogicil 'hiricteristics (if three sttndiird imale-sterile lilies and ICM ins 81A a 

I 'Ior oi r 505'1A 5t '1t A ItI A 1M ills 81 A 

I,1h1n1 
I 504"lI, u 

ht'i.Ijhll { lln) 
ili St 

129 
.5 1.2 

C-i.7 
15 (t.1

1 3 1 1 o).t 
8,8 

1 17 t 
. 

l.7 
57 
81" t 

11.2 
1.2 

I'ur I, gtth i u'c 17 t 1 17 1.) 28 . 1.2 1t tt.2 

]N . Iit tllr. lii i :1.1 .I t . I _ (i.I 

f. kIh-rmicd ill lh 1!)8 r iIV s,i 0il ill IttI' I-AT 14ll 4r. ( )1,t rviit l ois ,(I o i tilI l 1,ms for 

5i54A, 51,11,m\ iio 1 A,I id t7I '72 ii - I'ior IM lios mA. 
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Table 18. Performance of I(CRISAT pearl nillet populations in AI(NIIIP trialsa 

( rniii yield (kg/hlit) 
IP(qiulalioll 1976 1977 1978 1979 

WC-(75 1190 16:10 207) 17610 

I(NS 7703 I1930 183) 

PI1 80 1530 5:10 1800) 1190 

III 11',1 179)0 1970 1810 

f. Source: A I(IMI1 I)rogress Report 1976-1980. 
1. 'alculated on tIt(l sis of vomlnuoh test years 

c. It hmlsed syntherit. froim PAt), Iudhinii. 

d. Sllnrhrd hybrid chck. 

yielded slightly more than 1. 104 in AICMIP's 
1980 Initial Population Trial ( PT) and was pro-
roted for further testing in APT. In 1980, we 
contributed one more experimental variety, 
NEl.C-1P79, to AICMIP's I[T. IVC 8004, 
another progeny variety identified froi the 
I iterva rieta I Composite, has outyielded WC-
C75 by about 15% (at 2820 kg, ha) in initial yield 
tests at ICRISAT Center. 

Among new experimental varieties tested in 
the 1981 Elite Varieties 'rials (IEV') at ICR-
SAT ('Center, we selected. IVS-1l78 and I)C-
P7904 on the basis of yield and uniformity for 
entry into 1982 A 1CMI!' tests, 

Our modest prograinl to assess composites 

under recurrent selccti(,n as sources of hybrid 
restorer parents has led to the discovery and 
development of good hybrids. IIybrids I(, 1418 
developed from the I R Restorer Composite, ICH 
415 fro it World Composite restorer, and ICIi 
423 front a ii Farly Composite restorer have been 

high yielding with accepta ble phenotypic unifor-
mity (see IHybrids aid Ilybrid Parents section 
below). L.arge-scalc yield tests in the 1981 -VT 
again showed I(11 418 as the top ranking entry, 
yielding about 15('i over 1. 104 (2730 kgi'ha). 
ICll 415 ranked sixth in the sarie trial and 
yielded 8e.7i over 11.1104, confirming the previous 
year's hybrid trial results. 

The d dwarf F!,/I4 progenies derived from the 
third and final backcross of tile dwarf sidecar 
program on seven tall (norma I)composites have 

Griiin yield (%) of b Averng(; dhowi' 
1981) 11I11011 PI1, 8 mildew 1%) 

1850 101 117 2 

1850 99 11.1 :I 

87 5 

1810 115 9 

(1978 aind 1979). 

proved useful in (I) the development of d2 dwarf 
hybrids on ICM mis 81 A and mieditin-to-tall 
hybrids on 5141A (some of which have been 
superior to 1.1 104 in the initial yield tests), (2) 
isolation of several progenies with nonrestorer 
reaction on ICM mis 8 IA, which will be used in 
developing a n, restorer d? composite, and (3) 
tile development of d.,dwarf synthetics. 11o111 

tlie first backcross selections, two promising (12 

dwarf synthetics were identified that yielded as 
m1uchi as d2 dwarf check hybrid GlIB 1399 (1830 
kg'ha) in 1980 yield tri s at four locations in 
India. These two synthetics have been useful to 
our millet physiologists to evaluatte alternative 
selection criteria for grain yield improvement. 

The selected progenies have also been distrib
uted to cooperating millet breeders through the 
Uniform Progeny Nursery (1J PN). Seven d2 
dwarf versions of the rcspective tall composites 
were developed during the 198 1postrainyscason 
so a bulk trial in 1982 can be conducted to exa ni

ine tile effects of the &]: dwarfing gene on yield 
arid yield cornponets. 

In our Interpopulation Improvement work on 
restorer/nonrestorer composites, the slow rec
overy of agronomically elite norirestorers from 
the nonrestorer composite is an impediment to 
the genetic advance in interpopulation lieterosis. 
Considering tile for'midable resources required 
to t,:st reciprocal full-sibs along with respective 
tcslcrosses and Si progenies in this selection 
schemie and the value of possible applied re:sults, 
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we are attemptig to improve 'he restorer and downy mildew. In the 1980 AICMIP Initial 
nonrestorer (omposites indepeldently, using Iopulation Trial, ICRISAT synthetics ICMS 
male-sterile testers. This schcme wiii be simpler 7704 and ICMS 7805 ranked first and third,
in opcration, require fewer resources, and possi- yielding 2130 kg! ha anrid 2000 kg/ lia,respectively
blv be more effectixc in ge:.,rating promising (I. 104 yield was 1941 kg; ha), a rid hence were 
restorers in each cyvcle. \Vith this ill view. I R and promoted to the 1981 Advanced Population Trial.
2R composites along with ilhe rcstorcrs idcnti- Two nore synthetics (ICMS 7818 and ICMS 7835)
fied from other composites are being mergedf to identified from advanced ICRISAT trials were
de\elop a composite called [Zest orer (*oii posi te- contributed to AICMI P's 1981 Initial Population 
I.We arc also currently assessing promising Trial.
 
hybrids dlc\cho)cl at I SRISAT for another
 
Cormiosit, I('R ISA] FRcstorr ('oroposite. I lie ll)'rids and Hybrid Parens
 
IB(orniposit,. being dc\chled solely illa d.r
 
dwarl backgrorrtd. will ailso be irnlroxcd rrsing a 
 ibrcds derived from other projects but princi
ralIc-sterile restorer, and xill.serve asa source of pally Ifroni crosses irvolvirg existing good
lines for de\lo)pirrg (1 dwalrf male-sterile lines hv'brid parents are tested for their potential in 
that carn 
produce hybrids of variors heights hybrid combination. This identifies both seed 
deperding oil tilemale parenrt. parents and pollen parents. 

Two hybrids, ICIH 226 [5141 x (1623 x)evelopment of 700490)] and ICtl 241 (5141 x S38-142), ranked 
Iproved Synthetics seventhi and eight 11inthe 27-entry\, 1980 AI(CMIP 

Advancced Ilybrid Trial tested at 27 locations.
.SIt hetic varietes of various phenotypes are Hot isho\cd high levels nI do\x'i\, mildewy resist
rade from progeny generated in the v'ariety cross ancc ;ilia!%veic retained for further testing, ICII 
prograin and from othersorlrces oflnew uariabil- 220 [5141 x (SI)2 x [ll 1088)1 ranked fourth init\.such as the soiurce material proJect or the 1980 AI'NI I) Initial Ilybrid Trial. \%itli a
discase-resistant lines. lhe better progeny gener- mncar yiheld oft2270 kg lia,29i more than check 
atoll ill
Ow,
hipmitcl arc also (list ribrrted as sorrcc I3.l 104, and wvas retained for further testing.

variability national breeders inrIndia()onc. to With a inean yield of 2020 kg ha. this hybrid
and Alricaln countries. also ranked first inthe Sixth International Pearl 

In the 1980 Pearl Millet Synthctics 'Irial Millet Adaptation Trial (IPMAT-6) evaluated 
IMS I criducted at sc\eni locations, mean at 31 locations, mostly in India and African 
wrain \iclds of lour entries (I('MS 7835. 7704. countries (see ('ooperati'e Mutltilocatiorl Test
7857, and 79(19) e \eccded check hybrid I 104 ing. below). 
(yield 22001 ke Ira). Svrrvnthctic 'NIS 8013 (which Of our seven restorers contributed to the AICxaotop in the 198( Initial I[v\luatior I rial) was NI IP Iarental Trial. ICP 382 ranked first with a
rnagin highct yielder in tile 1981 I MSI. We incan grain yield of 1950 kg/ha, representing a 
retained three other s\nlieics for lurlier test- margin of1291 rmore than the trial rnean and 83% 
ing. [lic S\rthel ics Prol lced ilr this project have more chec!.than tile restorer CM 46. 
iehh-, arid tnturities coriliariable to hybrid

celncks but lia\c betct orrvnmildew resistance Cooperative Multilocation 
and higher Ioddler yields 

[lie syntletics ideritified earlier as promising Testing 
in I RISA] trials continired to perform well in 
AI('%MI P trials. After 3 years of testing inlA'- Ir 1980 the Sixth lnternational Pearl Millet
MII trials, I('MS 7703 was recomnired for Adaptation Irial lIIMAT-6) containing 20
riiikit testirg. Ihis S\'rtlctic \iclds as rnluch as pcarl millet test enti ies ard a local check foreach 

114 (Iable 19) and has superior resistance to13.1 location was sent oilt to 49 locations in 19 court
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six
Table 19. IMean yield perforlance of leading pearl millet hybrids, synthetics, and varieties front polalitions a.t 

environientsa in India with yields fron two fertility levels tit one site. 

;r 	 in y eld (kg/ hI) I)owny 

Enttry 	 MNa II 104 111 PZ, 

3140 115 4020 22101 

ICII 165 :1020 111 4180 19160 0 

ICMS 7857 2:300 110 4110 1970 0 

IVS-I178 29180 109 '1080 2110 0 

N IA-I179 2980 109 '1010 1070 3 

1CII 418 

ICI .115 29( 108 3,171) 2280 0 

W(U-A78 2900 1016 3920 1880 0 

N P:1,( 28910 419(0 194(0 1C-A79 106 

DIC -I'7(16 2881 106 37,10( 1890 0 

SCI 90611 28 I:1 :1780 1650 2 

IC MS 7909 2791 10(2 311( 18,10 1 
ICM S 7919 27610 Itt I 398D 186(0 5 

DI - I'7904 27:10 101 3980 1550 0 

SCI 9 1 11 2720 1(0 :370( 165(0 0 

SSI 9I11 2520 92 311) 1690 1 

1('11 221 :051 112 1060 190(1 0 

It MS 7710:1 2990 109 :1870 22,10 1 

MIIII 111" 2850 105 3330 1660 0) 

WC-2750 1(11 :3140 1950 (0 

I1,11(14' 27311 1100 2960 1720 1 

It iIn 2872 1015 3825 1886 6 2'C 
SE i± 8(1 259) 1:1 

t ecl'l 	 rtililyvsIr pls (lh -l',. - I l
 (t. 	 IJ1ilmil r i~li im h l d.I lCion' L~'i iiil lti ilv rlilill 

rlmte d): I'MII -high fi-rilihtv (1!; kg 
P,:(),, nill N Imi, fhlmv~ims~iir 

h. 	WI(:{,SAT do~wnv liiildw"x' dli."t;son' liurl' ry, 

c'.(Cominiorc'iii hybrid c'hoctks. 

4. 	 V\rie'v rhoik. 

') lowiv ihhl w su si-ptib hi liec k N1111 :3. 

tries. Fitries included hybrids. svnthicics, cxper-
imentiail varieties, aid progeiny varieties 
contribuled bv ICRISAT aid its CoOpierators. 
Resultis were rcccicd from 38 lcaltions (inidd-
ing live disease nu rserics) in 13 collntlics repUres-
enting latitudes from 24134' S to 31)56' N. Of 
these, 31 Iocations reported data on grain yield, 

The highest mean grain yield for the test 
entries was recorded at Sercre, Uganda (3290 

lli 	100)/k g N/ I',riil~y (niilli tlm),lIZl ::zvrli 

kg/ha), and the lowest at El'Obeid, Sudan (310 
kg!ha). the highest entry yields recorded at 
these locations ranged from 400 kg, ha (UC H 4 
at El'Obeid) to 40As0 kg ha (ICIt 162 at Serere), 
aid the lowest were 110 kgfha (NII13 3 at El' 
Obeid) and 1670 kg ha (NItll 3-Serere). Cause.; 
of low yields were high levels of downy mildew, 

insect pests (in West African locations), 
poor plant stands, bird damage, and inadequate 
i,t/1q, 



moitue.Ralnfllduring crop growth ranged Incidene of' downy nilidew NW 1LC1Mr

from, :146 i imm(Anin tapur, India) mm iscecrc at
to 971 nn West A frica i ociations than in India,
(IKaomla,Zambia). At only four locations (three, 
 Entries ICII 21 1,ICH 165; mid lCMS7704cxlli

f thusc in-Africa tilocal chcek yield bitcd"'relativcly-stablc levcls~oodowYrni dev,
did'.c 

1uL1 ic~ S'ymiorct~lian ainy ofithe test~entries., 
 K resistance across loci
 
~iMe"ingrai yields ofall til~e tralentrie's over 31 In 1981 we sent 
 PIMAT7 to37 locations in13

lctions arc pre~sented it, 'Trbe20.'The ntries' countries. Severl other fiultilocational trials
dla11performled wel'cl overall 'ver& ICII 220, ICH (replicated or in thle formlof obsery utiol nlurscr - ~ 

21MBH- .127, ICH 162, IVS P77, UCI-l 4, ies) were sent to our brecders in West Africa forI iCS 7818, and ICMS 7704 eValutlion aid recording of diseasc incidenc 

Table 20. IerI 'ro i.cI of 1 I A6(1980) test entries for griin yield (n n over 31 loci tion-)and down ,.mildew 

ind ui~. (rIiiiiin% 	 Dowily mildow iniLdenceO (1%)b 

Yield IGIIISAT
11t Iry T'y 1) Sou re ( k ha) III itimh' IKiiihoiiwe Simmii Mitnladi Center 

220. 	 I( RI SATl~ICIl Hybrid 	 ' 2020) 0~ G) 100 4I5 0~< 

MiIl 127 	 1lyhri ( NAlI YCO 1930 0 11) 66 50 2
I y rii (I
' iM2 )1, IU11l.AT 19 10 0 0 28 13 1

1~IVS- 17 lNp vnr . IC IISAT3 1890 9 8 8 
 22 
Liciti 'I 	 TIN A I 0113 brid 	 1890 5 2:1 1

IGS 78 18 	 SNtII(I 10t i C IC RI SAT1 18610 1 1 20 20 31UNC IS7704 	 I iuI t ic. ICII S 1' 1850 1. -11 0 	 10 0[C165 1 ICRISATlbS hyrid( 1820 1 	 88 21 	 1 0 
G 7M ilt 18 113 hril .A U 18005 	 136 11 2 5
 

I£M9 7703 SyntIhetic ICHISAT 1780 2! 2 
 37 17 :.S:,(r1. 	 IRISA' 1780 5. . . 9,. . . 30.. . .5 . ..1 -. virG7 . .WC: I .ISAT. 1780 1 2' 22 3 1

WC- 177 x1) vitr. IGkIS AT *1760 7 
 2 15. I
IV 5,54' Comp11 prob', ic-U1sA't 1750) 1 18 18 25 2
ICIN 78:l E fyithieiII7 : 2 ...
Siy..........t 	 (' . ' ' s .78... 9 ...5.
 
IXC. 705:3 Comp.prog. 'lCllISATI 1700 2 '0.24 8 3
S,G l78 I'xtu, var, IC IISATl 1670 1 9. 	 152 28 I1'Pitll 17 13yriu PA~, , W8O 7 17 29 37 1 
NiII :I Ilybrid' Al IM11 1:3,l0 15 100'88 	 100 62. 

* do~' '.' . 1 1797 2.8. 	 ''11,8 .29 5 .22.6 '4.8. 

a A\I CNII 1) 	 All India C IorlilSnAt Illtarivement Project; GA\U ;uimrit Agricuil:uri

U~niversuity; \IAIIY(0: Miduiirslitra 
hybrid Sveu Coiapiiny; I'AtJI Pun1jit 'Agri cultfund
 

i Uiver'i-ily INAUl I Ulniversity.
Tlilil Nitdti Agriciihlvrnl
l). A I Kmlllse, SIIamaru-1, IIIId ICIIISATi eeincidence recorded in the downy 	mildew nursery,

'NIIIIiildi ilILcidlnce repui'iec Its perculil of' hills ilnreuted 
e -' p.lvimr: I:,Axp rillentl Iv itriel18 
1.C pr'g = C omlpos ite proen.y. . 
o. ithdrown 	 1'ronjimmo~nerhil Ltlu~ltini in Indlio, incltlde(I to lissossaI)vj 11wilmonv incidecicc a

vimus hoantiol1)5 

,r
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during 1980. Starting in 1981, the number of 
advanced replicated trials sent from ICRISA F 
Center to West Africa has been reduced and 
emphasis is now given to supplying F or- :1 
material of appropriate pedigre-S,. !esew'. 
some atlsanced trials like the Flitc Vaiieties 
Trial. Lxperifiental Varieties I rial, and Svn-
thetics Trials conrtintic to bc tested ill Senegal 
and Sudan. k,ifuation ofthe ad\aiiced trials f,. 
dIll nv nilde\,,, CIot. anld suilt incidcrCC Co l-
tinlies in West Africa. 

1I1 1981 \e initiated the International learl 
millet ( )bser\;ation Nurser\ tIlI')N) it colla-
boration ssith I'AC). It comprised li\e varieties 
bred at ICRIISA I Center that had performed 
well in nuItilocationaI trials it, prio\tus years. 
This ob ser\;tio, nursery i, prinnaril.y intended 
for distribution il Pakistan. contriesl of the 
Arabian Peninsula. lg \pt. Sudmt. lo\,;and 
Ethiolpia. Somalia. Nlauiritania. and Morocco. 

Looking Ahead 

Seedling etrgellce at11(nes.talIlishnIelt. WVith 

VOtd pou c, b,.Img tiadc ill ttehi tc l or 
.crecnling loI CmLocemCICe abiit\ ill pearl millet, 
we \%ili bcIn sttidi'.detN trluinu the hic itaubilits 
of' factors cotiribuitine to this ability and the 
ranLge 0f genetic s1i1abihit II genetic imprit-
ncit appacilrs rpo,,ihle. selection for clncrence 
abilit\ %sill ladti.lls be hult ilto the breeding 

priitrilm, 

l)rought. \Witi \\ork oil licld netlods to 
screen cuilti\air perlotrIatice tilter ,ttress largel\ 
completed, sse\sill place more clphasis on 
studies of italis.dual cnlti\als that ha\c pir-
formed \ell utnder strcss. ()I particular + interest 
atc those lilies that shoi\ abilit\ to lcc)VCl 
rapidly Iroill it stres prlr to llsseritig ssithiot 
sigtificant sield oss,. 

L.os fertilit.. ()tir sttud% \ill concentrate on 
the rclhtiolsiip bct\sCCs diflciu-t iethtlods oif 
e.,timating nitrogeriase acti'itv of plants grow,'n 
Ill the fiel dtIiiitL ercch0nh isc cotMdititiS. WC 
\\ill exaiLinc the fixation of i topically labelled 

nitrogen gas b\ intact sorgh urn ar d pearl millet 
plants. In fieMl experiments w\e will follow the 
response of the plants to illoctlatioll with 
nitrogen-fixing bacteria. 

I)iseases. (ur large-s ale Iiel screening for 
leistaellce to tdo\ nv mildew, ergot, and smut 'will 
expand at ICRISAF (enter. , itli tile major 
stut resitance screening work beiring nmmoed 
front Ilissar to the ('enter. Multilocatioln testing 
fot the stabilit\ of Lslitlce 'sill contititle. More 
emphasis \kill be placed o)it the nsahlation of 
lactors allcting the talilht\ and dlirabilit\ of 
resistaice. 

I)C\Clopnlctt of ergot- arid sillmt-rcsi~l'tUnt 
fines, with \ ider ucnctic bases \IIi continue, as 
\kill itiliiat ion of crtt and ,,muti roesitice in 
rsc>istant hybrids and s, ithetirs in cooperatiol 
\oi11 breeder,. 

In 1982 \\C ssill ollsoc.\flinethe Ic:ilibilitvol 
"cee llilii( it ail ge-scalc Iot nutlt iplc-discasc 

IIISct pests. We Mill collitutleobsrs\ atiosOn 
selcted c*tis ts dciii \t i ,.ccts 5%iIi a potctI-

Ili !or Ihccoi,nirig pcsts5 aid \,kill Imitate stuidics 
on11the bi0hLos and seasonlal acti\it\ Of I lC\ 
pltltll'l ps. such li and ariyorltill.\iooi 
Cicriiiplasm lilhes loiuid to be less sutsceptilIc to 

,, \aiiouls instt pct \ill be retescd. Kc\ nests iii 
the Itliior pearl imille.t grio\ ing:ircas t India \ill 
be identilied and their economic importance 
iie.tieatd ill collabolration \\itli All India 
Coordinted %lillet lliiprolsinlcit l ; .et. 

Grrain and fond (lualili. studies. Protein and 
Issine analvses ss.ill be contintied on ourl !Clr
plasm accessiotis to identils it \\oIll piro
tcin and \ith tcasotiablc lvsinie le\cs. 

\Vork oil Africal tood prolucts. such a pml 
ridges. \ill be intensified. and attempts \ill be 
made to seek collaboration with institutes in 
Africa and USA. lh\siecehemical wi:its of cinl

tisars ssill be stuJiCd in rfatii1 to0 food lli;ulit'V. 

Plant improvemeint. We ssill cotintue to pr.
(]lice elite lilnes through \ricty crosses and rec
urrent selection aind ssill intensify our 



mobilization of genetic variahility from new 
ger-lphlSill accessions into adapted back-
grounds of breeding lines. New composites til.. 
izing recently developed source-material 
progenies will he formed. We will attem1pt to 
develop high-protein cmposite from Iigh-
protein liles, some of' which have consistently 
given over 16c(' protein. [he Smut-Resistanft 
Composite will be strengthened b feeding in 
new and di \erse soi ices of resistance. The inIcor-

poration of erigot resistance into restorer and 
maintainer prtrents ha+ts reached the F4 stage alter 
initial ' and progenies havecrossing. resistant 
heen identified for utili/ation in backcrossing. 

1corporiitloll of' smulit resistance into maiin-
taincr parents has just begun and will coititiue. 
We have also iniitiat.d investigations into thege-
iietics of ergot resistance and are developing 
plans for similar studies oin the genetics of smut 
resistance. We have identliied new sonrcus of 

lol reFst wc r Iilies and will con tinte tile coiversion 

of some t)fi tie promising oies into nieW seed 

parents. 
F1rtogeny hrom1 a study' oft various selection 

teclniqi.s designed to directly increase grain 
nlblllers \w;It he readv for evaluation ill 1982. 
fritits titil/etl include headMiniber, head stir
face art a (length x girtI), and head weight: these 
will compllared \ith \istial selection for \yield. 

priorities for Iheir alleviation. lI Physiology and Bio
chem istry of l)rought lResistance inPlarts(ed. Paleg , 
I.. (;.. and Aspinall, I).N.). New York: Academic 
Press. 
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WlI',.IAMS. R..I., and SINilI, S.D. 1981. Control 
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S"tidies on tile relationship hetween tiititle to[toN(IIII&., I+.R.. MAIIALAKSHIMI, V..TAL.UK 

fho\\ering and lant phenotype v, ill contiili, 
\itil cillphasis on the degree of' expression of 
Lselcll hracters in the West Alficali gerillpltsl 
in a short-scason plant labit. Initial studies \ill 
involve co\erit2 plots t produce short days to 
trig.'ger flowering in the lomg-dturtioml types. 

*I) Li*
NibliU i Cdi 1flreduction 

Institute Publications 
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SirUI RAMANIAN, V., and .IAMIINAlII AN, R. of pearl millet (Pemnnsetum amuricanum (I..) I.ecke). 

1980. Food product studies pearl millet. IrCscntcd M.Sc. thesis submitted to Andhra Pradesh Agricultu

at the Filth Joint Mccting of the I NI)-CIMNINT- ral lnikersity, lyderabad, India. 
IWRISAI Policv AL\isor\ Committee. 'IR ISAI,
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SBIZRAMNANIAN. V.. and .IANIINA I[IAN. R. M.Sc. thesis sihmnitted to Andhra Pradesh Agricultu
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qu lit.\. Ilr"enlted t the Second Indiall (' \cntioln M ICIIl .M i.J ,R.W., IA WA R. 
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Central Itood I eclioloical Resclich Institute. 19-20 	 ill 
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Nadu Agiicultuiral nirisrit.\, 29-31 D cc 1980, ('Tim- SIN(iI1. S.I)., and I11l III R. K.I).Ni. 1981. I-urthcr 
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cycles of recurrent sclcction in acomposite population Vol 2,Nos I and 2. 1980,and Vol 3. Nos I and 2,1981. 
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CHICKPEA
 

The principal objectives of tile Chickpea Our cooperators in Pakistan reported that the 
Improvement Program are the development of incidence of ascochyta blight was lower this year
improved cultivars and genetic stocks ofdesi and illthe commercial crop, but the area planted by
kabuli-type chickpeas capable of higher and farmers appeared to be much reduced due to the 
more stable yields in traditional and nontradi- severe crop loss caused by the disease in previous
tional situations. yea rs.
 

Car major activities d uring t he p, iod of thi, A redeeming 
 feature throughout the Indian 
report (.lune lQe0-Dec 1981) were concentrated subcontinent was the lower incidence of ttelio
at three locatios: (I) ICRISAT at reduced damage,Center this and pest especially in 
latanchcru (I 70N, 786E), where emphasis is on peninsular India. 
the development of short-duration desi geno- In western Asia, crop conditions were fairly
types suited to peninsular India; (2) our H issar normal, but low rainfall may have contributed to 
subcenter (2911N, 751E) in northern India, for t lie red uced yields in North Africa, although, as 
long-duration desi and kabuli genotypes itresult, the incidence of ascachyta blight was 
adapted to tlie northern areas of the Inidian sub- lower than normal.
 
continent; and (3) ICAR I)A, our sister institute
 
at Aleppo (36N. 37E) in Syria, for kabdli types Diseases
 
adapted to both winter and spring sowing in
 
westcrn Asia ard North Africa. Other centers Surveys
 
were Gwa lior (2611N, 781E) in central India,Tap
perwaripora (3411N, 75"1-) in Kasliniir, and Ter-
 We conducted surveys in Nepal, Bangladesh,
hol (341N, 3611) in Lebanon, the last two and parts of India. In Nepal, wilt was widespread
principally for off-season advancement of breed- and serious, and stunt diseases was common. In 
ing materials. In addition, ICRI SAT materials Bangladesh, collar rot (Scierotitm rot/ii) and 
were grown by mainy cooperators at locations in rhizoctonia root rot (Rhizocionia solani) were 
India through the All India Coordiiated Pulses observed, but the most serious problem in 
Improtmcnert Project (AlI('IPIl), and elsewhere, farmers' fields was botrtis gray mold (Botr.rlis
aid their coritribitons a re gratefully cilt'rea). Because of excessive rains throughout

ack nowledged. 
 the season in northern India, the crop suffered 

In south and central India the rains ceased heavy damage from botrytis gray mold and asco
early, in Septernher, so the residual soil moisture chyta blight (A.cochyta rahi'i). Other corn
\was depleted earlier than ioriaIh aind the shor- imonly observed diseases were stern rot 
ter growing season tended to reduce the seed (Sclerotinia sclerotiorun), phoma blight
yields of all but he shorter duration rmaterials. (/Ilonra nldwicagiois), ird altcrnaria blight 
Inthe northern areas of the Indian stbcontinent. (A hernaria alternata).
rainfall during the cropping season was much Fusarium wilt (Fusarium oxysporum
heavier than normal. and diseases such as botry- f.sp. cicer) 
tisgray mold, and ascochiyta, phonma, and alter
naria blights caused coisidcrablc loss to both Breeding for resistance. Over 4500 new germ
commercial and experiniental crops. As iresult, plasm accessions were screened in wilt-sick 
most trial results at Ilissar were too variable for plots, and 62 additional lines were identified as 
effective interpretr tion, and yield data were not promising (less than 20M'( mortality). These will 
obtained from cooperators at atnumber of loca- be tested again. The 133 germplasm selections 
lions innorthern I(dil. identified in wilt-sick plots last season (1979/80) 
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w\crc sc re owdthis year, and I w rc .0rund resist-

aint (less than l() mittllil.). oiour liles 

I0, NI:U-472 ('oll.2 3 ,. and (ING-5) that \ere 
a lso IIItlI,i. 	inst st1u1t \\ c le 

t l( '( -141 3. - 8r)i . 
It itn d IIIo ll i 2ia 

in L a2ii i Ist \W ilt . I i ecline 

-580, 7320-1-1-11B, and 7320-11-2-111I) that 

\crC I d t is pod lites1_"1S-l-Iit.d h, 10-., horer hit 

iIs .cIC also lound p1ronlisingcIIool,tw ilills ,,,.lt. 

SO tlr \ e hia, conlirIti \\ ilt rsistince in 50 


lines thiough eild. t e.nlous., and laohratory
 

,Cre.lini . I l.se are a\ ailahl,- on requiest troilt 


l( RR I's ent.li lResources I nilt. We also
 

helped "cilent isis of sc\ l A hl lot1.research olr'an1-


their hicedinle materials in
i/alliow; h\ ,reeii 

I( '(IZ IS A ( ntiIr iat d(tI:II l I-is a r
I\ilt-si,ck P1l ts,it 

andlt Comml7 Ic-tll 

inl\1inc 	 ,ilt and roo0tWC Imade. 52 cro,,s, 6 

rot ic"uItait pirllil'.s t.\C,lct -tlhin e ." .and . ;i: 


l piu lt ion , and 1)35 1I aid nItior ad\;aneCd 

estei d \\ ll istanc. at II 


siar. llid S I populationi mil 55,6 1I d Illdore-


id\ ,in.d pIoL'iCii s \\,.ic testd*t ill l IS.\I
 

c(ltl . A totill of . 1 siielc pllnts \,Clc selected
 

it llissi and 20)16till (l,":\ I (clitl. ltirt
 

three muliolritl\ r_.sistuilit i, allI lissil l XXdat 


It RISA I (elitel ,cr.c hul +li: ttu tine iil 


elicalted trill". 

In tclplicite'd tests ili \\It-sick plots til l'ies 

i tilet pr.\ ions s'ison t\o entries ilt 

l110,2CII,\\ cst ltr ti lis

hulked 

I I is;sir, \ICLdeCd si ii.'ieantl,\
I I c\art'lild and 


More thati WR-315. the \'ilt-rsist;int pareunt. 


hut tile le ,,,isar trill \,us li il \i Iiiahlc. I lie 


thre.' hilu t \ ivldine lines in ,aiI,.iI(,, oft the 

trial at ConuMailC \,,ithWthill I \VI-315 ii Ilhle 


I Si ''i.n h1Tu,\, ill he inelhuIdd ill iit..'rIAtit tl
 

tine I1XI ,2 lRotof.CI,ci,,l1 i stoCt,,aid 2) ii 


Rols .il1 \Vilt i sr\ . \ nc'\ , resistant kihuli 


i.1WIhiA 	 .sO h.L', 1dentitued. 

llllg.i and llpidt'iiolog). In Continuniig ,ti-


dies on theliu it[al o V.f 'rVI mf sp. (i, 11. 


i I$St 0 chicklea
Of \ilthd 

plnl , ill Soil ii po't s mid.'tmcd thiiurthe C\i 3 
ie hutitd iiItCl 

itollillh to ailnlpit rIgus1'1isolations. I lie tmi ,gus 

,tirs ued in tile hl loots,, or 33 nituh,,. ill 

v, ih pint the roo11t tilsue hid uci'tripuitt 

il imost I li Icor.c' lo .heek ott tuirtlir siir-IlI\. ..

Table 1. PerforrnuitC of vilt-resistant liles at l(1rl-
SAT ('enter and Iiissar, 1980/81. 

-,.
S hed I t 

- - -
1 . 

ii I~tsk I' (',tr 

, , - , 1251 G6G 

TIlt10-5--21'-t -I '-T1.51:1-311'-1 I'-211-I l'-il l' tI 9194109 H(I79q 

1, 	 8,15 55I-:1. 

27.9 :1.2C ,V 

isnrt 
9)7'-I I'-I P'-21'-HI' 19.19 1)7.1 lia6 IT~lI '2-,-11-II- I'I'1'18.82 

18 2 	 9 77 1 1 -t - - l' 

7 ttill 1 -tile -21-11 1827 8
 

653 	 91R _3 15 

258.2 :1.9 

CV 	 12.7 :.6 

a. I)II )niys t 5W; tl,, ring.t 

\ i, al oftthe pathoiegen. \\c planted sc.,dscollcet,.d 

from healthy plants of the w\it-sulsceptihle eul

tiar .I(-62 in the pots il \\licil infected roots 

heiiC huried. and ohsCtv.d will in sMedlincshad 
,\n 31) itionitlis alter tile experiment \wIs 

initiated. I his experiment is ,L:Intitiitug. 

In another CXe.lritnieit \\c found that the fun

gis ,titr\ i\ ed fto 24 1iot tls ill inleet.C d tots 

i tile soil. Ihis e.qletinlicit ishuri,.d 00t Cm deep 
alst continuing. 

Infliuence of cropI rotation and intercrop)ing. Il 

collaboration with our agrIotntomlists. i 4-sta 

study the efct of crop rotullitles.p+rinient to 

,11id iltellippilg oIn tIle incidencct I ,ill \\as 

a sick plot. Iritilieitsinitiated thi,, \ear iIn 

iencluded rotatin (t chickpei with tallow, 

it Irhiun. raie in the rainy season, tollo\,dor. 
h\ sole chickpea! or chickiea itrcrtppel \with 

,,,i,at. I lie lirst-t.ar ,'stilts indicate that tIttle 

ot tile treatlments influened \\ iLitnideunce ill the 

suceptiblet~ii\iIar..I(i-02, \vhich sho\cd larlky 

I()00', incidence. 
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,s'anli. and atsterile sed scedling-rotting fun-

,uls. This plot %uas used to retest 195 promising 

lines thit haud been ,lecte inl 197) 80. ()f these, 

95 shotssed multiple res'c'sItce l han ,pladllI1 

il C be'Cus elct-t l fot iCl-

sion in tie 1981 82 InteunatiOlilal (ChickpCaRoot 

Willt Nurs... We screenedl sl, ctill ines til 

Itnoutillit\ I. lild 	-1) 

Rots 
Center lt coo atioi"s bri l)elhli.lRIS \I 


Kipilr. anlldt(Gnrtdlapitur Mld (_olnunun111ilctd the 


to them A lae aillnolint ot hrcein.!iesllts 
ntrlill enrtiiiil It Il ISA I (Citer V. salso 

scr nilicl. a ld pr0iom11 illu i teriAs \s.c'lc' Itirtlr 
ad a ne. 

Asuochytla llilht (,,I .'.ochzr( 	 ratbid) 

olScreening for resitanct'. Screenii gCeri-

it in
plilit i, aseontidtat il IRI SA I (enter. 

; i l
Isolation Plant Plopglt or procedile. andthe 

dlitc' iC tilic'd ia, Iprolisinlg.33 ialditiulo il litcs ,, 

()ci 3(1{ IIIines thil \\crc I itlno resistant in 

,Itfield stclenilii al \RI) \ slscCIhl-

its to the ltils isolllte \se 11,C it I( RIS \ I 

'enter. It is n i ineuillill tto s0,CC lilltciclccs ill 

lillittc ol lines ll dltcll loca-"tions. (1p rti 
scuIc'ld or Isnc e 

to ,i,soC l ta hlighi. l( ( '-519 ssils toilil ost 

\ls six.' tltc' 151 1' pr ' liocs 

thc (0 ssilt-ristaint lines ,)C 

prollilli .
 
si lt rC,illit.
screened s\ere\ 	 otl 

* l,1\\.$L- -, 

" 	 I\..''"'Pod• 

.''. . ,bc 

, ' 
'lv 

'b. ..... ... 

AA( f ( I /'il 	 , i i 1 1 t,111 l Is / oi a ' i i /' A o 

1 aoil c , o/ /I/,i.I -19 5 atl 
i 

7 1' ' t(c1 
,'' l atIO I . 1 1 

l 

II/Pt' it t/te orl't'roi . 
het secli huc( tI lhi' d fii I'm s l s,-

g 

lrge anut oll dsi atnd kabuli gerlllalsm 

a, wCll ats bIuCdliL litCtiall wals sereeeldll. and( 

wlines srCere ltlIld rcSistant. I Ills completes 

the sereenti of our etire kabnli g(t 

-olll1tin1 oscr 350(0 lines) at l(.J\l I)\. ad 23 

lile's hlc bCnl iltiliCed t1 reIsIstint..\ ttalll oIl 

3954 aldditioll! dlCei VCe_'liplasti lilies ci'c 

and 3,-1111es" \sitl ttesisclcntl I(\RIA )\. 

tanc't il olli \cutilic Mid pod staigeUs sCr c 

idclntilied. 
We madc 132 crosses hctsc-.n 31 IleSi te'rm

pla Ill lccsIols lha h;dt been resistilal to tsc'o

eha. blight at el I itl a inl 1979 811 and north 

lines. I he I'-,\ ill beadsaiied in Kashmirl
Indianl 

and poplatand lerbol. I.: lills otl Crosses 

nliillaillcd rCsistince inil\ol\iilg pareits that 

'XI \\ill be scre-led at Icl
Paiistall in 1981 


Iiatdsl. ISlaialbal. and1 I.ndhli n in 1981 X2.
 

Biolog) and epideliiol .\t I.l I )A,. an
 

killinutia resistant
isolate o1 .A. o/ii'i cap lehC "N! 


line. 1I.('-482. \\as dlsosci--,- d. Ilcrt-c i c indiei

.T abi'i e ist. hil lirI C\iliolls that raccs l i 


de'c ' is needed. ..I. t'i 
 is seedhollc. an'd \\ 

that seed dlessing \\ith Iungicidecotl-itlled 

(alixi i (3) ' cilixin 1 3(01' ilnill- ) i-aditcaltes
 

chicklp I seed s asthe littgts, I )C''p stm illg (it 


1inld to irduc e t
seed tilll',li1soll iol l i hscocltl 

ig ol the illnl Ihltd no Clcct Olblight. lie 
linCs :hilt \\CePods ot11man111\hlil'ht itl ce-C.
 

Itsistalit tit C tc'ttisc cl\S' \ere\\C ltt lld
the 
\\ c' noted Ihat theil- ip 1 pod C'tttlaltes,,iti-ctl. 

s,il, Iiic I thlin thil (d, c'tatlsc parts. 
I sista nl c \s \ Cttati c-sit c 'Itssillice s ill 

st itlicd l i ll te C l il. 

I( RISl\l is ltl(in a pathologist at 

\sorls orl diseases and\R 10toears, outt 

Ulppoit tiltc' chicklea breeding \ork in that 
I C11) 11, 

Sttiiunt (Pea L.eaf R~oll Virus) 

to stilit \as\orlk on screciliuiLtior rc'sistatice 

c 1 ed i ut t II I,,s at.l1 C\ ILlant (tt 0i11111 i , 

25 S ei ic't t bc'i u 1 ' 11 I l l l 1l1i ll i l 	 li c e I n orl
iit it l eic'nIc \A 

tt . I I 1 t eL- i s '.tlllil l p l l l ill 
loll 5irus (c.g..tir 

;ll ila. biol dleal \it', planiit'tl rtlllt ats\\ell 
1111"Itilt\() the hosts fl pea cal 



aIsthrotghout tileIItlI-SCI'to titll t thllC't" dis

cuitsprcs,.uvc. ()n to\\ of .ucptiih cult.r,
 
\V IR-3 15, x s plnted A tcrc+\ CV\ lc rns
t rtst as 

'
'a idicailto miu slIlci:t I IliC il1-Ol. tI0\\ , a\L 

(iti(lLt'. 1ihldclctlc \.as 741 ._43
iII \\ R -31 I hi H 

1 1 1 u()lIlI cult t\").
 
I inc,, W( '-0-13.1 and I(( -4) sxcrc tltul
 

IIu iliiu (, lss ;"1I)u ittctiomi) *iuiiu this
 
c\amirhic".lid bcen Iimld pmi tisitlm in the
 

pix iou, lour caSons. I ic,,IW('-4)3. -59) 

-(85. 1n(l -2546 \xcLc promising for tic third con-

L I+IlI\ L , ,N'iPt . cril \\Crl it"adc
li,:ht sse 

I( M UliI iti llM 

hu-0h luc'l oflNWItA',ICN"+,i illlta de'+l
 
IWt t+u -1 50i ',, hihaSl I c l I 

tlWlc
, 

llicdt 


'ihIt kulhuli linlie . I. populitionts ol ['iio nS 
-
slsCN%,crc' scicCICd alt II issr. bitll the c'l"cell

IInc xx,;t, h\ othcir disease: pioblc,,asc-'lut~ltile.d 

,
ud the ppulatiwt
s vtc bulkeul ldrliitflher Itst
 
1 tliCCtIIIIIIlI! i so4lI ii lCs 

osaics 

'
 lh- \ , i \,c lttlAtCe tic tii i i in tlI lst ii chett ri 
c'Ii /'I iti \i uses" iu itul sitimt'llhi t 5l'i 

I M)"s t ItItl IN l l ck l i t a di tt I C5 itiIa d t it )t o 
l l It os t Il S\i I N .lI e d b .\its ci he r . \\CitO 

ctc'lltiledl icltiiibcr~ 11tulsilic'S\ittis ( V!\') anldt 

hcatll Sc'lhlli tistuic \iit, us B fM \'Iillcliickpc' 
tilldlt ilmll field \\Vh1lc, A' I\'\%i' llim Cm+ildItimIN 


ILrep Ctlul IItl I)or tiheelieit Iitulla. rt)l ti01 
huccCItIlIictc, ll BY M I is th IIst1NiC Itlr Itllia. 

.IlM Cl\eCliunitCtic'l1 itOsituicI" is 1iorutlixH\ Cr' 

ls, ini ic,lllrl li.Id. 


Bltr.tis (rail lold (ohtryli'i cinerea) 

teie ill 

litulti iII I'9tM) ,NI chickpet o. SincC 


I its ', cc'Ul icULd NetoIt 10ctoll northern 
lli Nct 

1IIIiln,it ill ;1t1CtiliuIcI lc'tl lot (I[-ton Jhis 
caseC \\C e II) 11it thle If G.BNoMicit scietutlists 
l1iiltI teisti\ otl.\tiic'tililie l hcdlc 
at Pittill o mitiiililltt ,Cleetit lotIl Sceilllc. 
\bout 10001p,,i iil l l acNNItmtt kter, plailntd 
and stcp sicic tikcit Io utuittctit itaturl ti-
dcmiee' b\ slii\ Mi1 slporNUutpiCio.i At tihe eitd 
ill ImCe siilIti. line "(-I 9.-62SO.,0ly ,t IC( 
-7".4. -1030 2 s ti c. nt pirollt d aliuttt1)1kd 
lilrt ul \Ild. s omk ill be ItemI his \\ Iltlllh 
Cit t Ithlctl I. 
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A w ' ndlI oit 01m1 l.Wi, r e.ult tsill v e rll'mnill d is lo lr'ed 
/c a I'I,11 % .wll o thi. c l i k p l a n t . 

ShuetL 
conditions this Season \t, itseld 

(iClit.WS Ihilt resistance in epidemtic 
ill he isparents in 

closses to incorporate resistalce ilnto improved 
cenctic hack toids next Season. 

('on ined )isease Resistance 

(ot ha\c been ilade to combine fusarinl 
\\ilt ioot resistance with resistance .oatd rots 
asioch talblight and Stlunlt. 

Inheritance Studies 

I.'lllttriim will resistince. Inl crosS.s itiolving 

C-101 a the suscepltible paitren[t. tesi .litie. 
appealed tiobe inherited its i single mec.ssic 
L!Lmilc, bitt hcreC .li-62 \a. tisCetL its tile stisepti
bl1Cpareit, ain cxccss if susceptible plaits \\,its 
t dUltd lie hisis lot tlis difrle CtC is bCilg 

ix cstigcItd. 
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Insect Pests 
Surveys 

Over the years since our first report in 1973 We 

have recorded very few insect pest problems on 

chickpea. In some locations and years. however, 

we have recorded sexere pest daimaige oil this 

crop. In India. Ih-liothis armigera is by far the 

most damllaging pcst. but ii a few areas termites 

and cutworns can greatly reduce plant stands. A 

I\ other :.epidoptelra ulrac. including species 

of .S'l, o!,wra and AlluO,'ra/dw feedlupon 

foliage and pods and can cntse secvre damage in 

some areas. Aphids, particularly .. phi. crac'i-

'r,,, are of some importance ou1chickpea. lar-

gely because they transmsniit stunt disease, \%hich ., 

Citsetd by pea leal roll vifus, 
[his year at ICR K;,!i t enter the Ih,/iolhi.. 

attack on chickpea, both It thie \egctati\c and 

podditg stages oftOlhe crop. as much less than in 

past years (Fig. 2 in pigeonpea section). At IMs-
sar, ho..ever. Ia/iot .i lai ac built up to large 

populatoits (urigi the late podding stagc. iId 
some ol the entries in otl trials suflfered ilore 
than 5tl1 ; pod datnagc. 

\Vc survcyed larners' chickpea fields in se\-

eral states across India diring the past 4 ycar s 

l ic pod dim age lcl c itagcs ill the miajor 

chickpea-growing staies are shm n in Iable 2. 

Although the daimag' varied greatly from ycar to 

year and state to st:,te. it was generally low. In 
otur surveys wv also asked tie fa rmcrs if tihey 
used pesticides. The data {lable 3) sho\wcd that 

most fArnirs ii,cd no pesticiics oil this clop. 

Natural Inenlies of i Ieliothis 

\e collectcd Ihcliolhi.%lar ac from pesticide

trCated and pcsticidC-lrcc tfiCls throUgch the sea

son at ICR ISAI ('Cuter and recorded the rates 

of parasitism l Iablc 4). 
ihe ,ate ol parasitisl \\'as vlery lo\ this year. 

prohahly a result of the t'elatix1. Io%\ ptpula

tions of Ihliothi.N. Ihcerc \was an apparent stlp

pression of parasitisl ol the pcsticide-trcated 

liclds dlling the treatncnt pcriod ( No\-l)ecO but 

subsequent reco\cr1\ in .antiatv. In No\clllCl 

'rabh 3. Survey of pesticide use in major chickpea

groling states of India. 

N,. (d Irnwrs I,'arimtir s 11sing 

'r survv' id ptwtidt, i, 

1717 7M t101 1I 1111) 

97S7!1 
I1 7!21 O. 

27n 
12 

12 4A) 
t85 t .. 1 

.. . . 

Table 2. Damage to chickpea pods caused by insect pests in samples collected from farmers' fields in the major 

chickpea-producing states in India. 

P,- rc' Ii tds (I itin inged ty pitss 
Stt177 7M tSi7'17 1979 0'i t 80/Mt 

Andhrij IPrihesh 11;.2 I.4.2 3 .0' 27.2 
N 1Ni 7.8

(;tjjarai ,,.9II 
W-.1 3t.2 6i.11 NUI11itryi not 

.5 NRl1 .7 2.7'1it1riIit II 
t; I i t;I'rmld sth H.3 22.ii I(1.,1A.l) 

I . I : 1 .2 D)..\l ; ihi t i . h t i 7. 1 
2.1 11.8 NRIP illh11 1 .1I 

.9) I9.6 8.2
it Ij:1st hart1 I.411 

Ti.i 8.5I ri'r ish Mti.5 7.5 

NN " Not rec(mt d. 
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Table 4. Parasitism in leliothiv larvae titI(RIA'I Most of' the large larvae fotd on chickpea are 
('enter, 1980/81. green, probahly because larvae of other colors 

are..easily oticd y the birds and eaten. lurther
l','r',i lftr,,; lL)-i.fl i', evitdecel f'or this \)wats obtained frol'l counts of, 

( lt lIar\ac olonrmal grecn chickpea plants and on a 
i,) I'Ii-,;fl l'hleultiva\\r wih red foliage. lhinnmlber of cgsandi ' 

ylng larvac ol bloh lAlnt types was almnost the 
Nv, ,r i 
 0.! (220) smllle. bnt the large green larvae wcre far fewer 

1. (0.0(il) i.1(.115 ) oilthe reTd plants. Ihe grcen lar\ac may be more 
.. (..2 isllVt1.3scen on the red plants hY predatory,birds. 

tie h\niclioptcraln parasite Campo/vis ("h/1,ri- Plant Density and Pesticide Use 

,iI%\;t'ie mist comtmllon, but later inl tle sca- last year we reported that the populations of 
ston the I )ipt,, . pailrtililarlv ( 'arce/i i/otea. /h'liolhi larvae per iit area increase greatly in 
hb'ctam tlwhe1C tdn1inHu parasite's. Collection of closer spaced chickpea ii rpesticidc-lrce trials. 
Ial\;C inill local larirn r,' fieldschickpca, ill Ihis \car \\c tested two ntit ars, our resistant 
.htokkcl ;inl.h urtert late of plasitislt. risin., selection I(('-506 and tile sIsCeptiblC but high

lltIit e inrIl[ 3,I ill.lmiiar: again the ll me- \ielding culti\ar Annigeri, at \w'idc (17 
tlo l'ut. ic'l tll onllllloln iiCmbcr -'),tLo in N alld plants Il a d close (33 plailtN Ill-) spacing illlie 	 I )ptct a in .lanritir. pesticidc-frec and pesticide-pittcted conditions 

c kmi, ltle dmu the predItors of lhah. at I(R ISAI Center ( lahl- 5). [he h/chtothis
1/m LII \I cn chickea+C, bit Ito mlr field obsel- pophilarorls incracsed \ ih closer spacing, but 
\Iifll ,iti, \I(le thtt Ilha )OrnStlcci\ blild' Cat this had little or no effect oil the percentige of
 
mait\ ,> tie)l ict lal\ ac leedine ol [his Crop. 
 red dalrmage ol the yields. As expected, pesticide 

hTble 5. l)ata from I)esticide-protected rltd uiuprotected spracing trials of two chickpea cultivars, ICC-506 
(pest-resistant) rind Armnigeri (pesl-susceptihle) at I(1RISAT (enter. 

In2larv+.'ii ... iliiti Fi d ... yViO lit; /1H2
 

Cull v~ir i;'
' S i .i "A 	 ft A I 

WC 0 7. t l.t0.02 	 3.9 142 133 
9.I. I :1 0.) 14 2.1 142 140

M,a 8-.1 1 .() 0 . 7S 3 .0 I143 13 7 
A\lit) 1g(.1'1 -01.(i I :1.() 2 .:1 1 1.8 150 1 Ill 

IG.2 26 .0 I.1 15.4 154 120 
M ctIn It1.) 19.5 I.8 1,1.6 152 117 

)v rn II St 7.A II.1 1.2 8.8 1,10 124 
12.1 20.0 (.8 8.7 149 130 

F 	 liir 01.0.7!1 2,09 i.:1 D 1.0(2 6 .24 :1.02 
l 2.W I().9 : ().:t0 1.02 0.21 3.02 

('ultivir x SImciii 	 1.12 2.)1; (1.2 1,14 8.82 4.27 

S n tuGON ,. . x Ill('111IH 	(11 M 

A ; I ilsi's1r; yid.- lr 
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4 +Iln 
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"l / Yc.'i triai.sart/,eiigcol,'o ,t oI I('11S,. T 

'ietr/f'thIl. Our Sluit, indicteit10t /lCAtl/oh/('o.i 
an' ,trt'uliit .('r saced /iI'klWa. 

ga\c greater incerease In yicld oit tle stiscepti-

ble cultisar than on the resistant selection. 

In our comparisons of large plots of pesticide-

treated and pesticide-fice desi- and kabili-type 

chickpeas \\C ,plit chCI plot bCt\CCIt iorc and 

less susceptible cultisar,. Ilere the less stusccpti-

be kabuli tyfp I('('-5264) substantIltlly- out-

Yielded the susceptible (I .-55) in both prttcctcd 

and uiipiotected condititis. I he sIscCptible dtsi. 

type .nnigeri} ga\c ma gi nallk greater yi lds 

than the less susceptible (I(('-5161 in hoth 

spaycd and unLsprayCd plotS in spite of much 

use 

greater damllage b\ Ih'Iihoh. (M)surall. thl usI l 

pesticiLCs ilCeaSCd ,iClds fro I10(1 kg ha to 

1278 kui ha. Ihis scar. \\ heni there VCere lo\\ .. 

I/e/ithi. potputlatiolls. pesticide lse ol this crop 

\so uild ha e b eCn t relatie\cl\ poor in\cst me11nt. 

Resistance to tteliothis 

Screening for resistance. We ha\c bcen screen

ing ill a\ ailatble chick pea materials for resistance 

to /I'Ituu ht' Ilrl''m opeti field tests, \k\ith the 

natural p)puilations of the pests supplcmentcd 
shere ne dtled. Webv laboiratory-brcd insects 

gcrin pl ts inl accc ssions t h, 
571 . nsc cc ne d 

sCar. briniging the total screcned since 1975 to 

uscr 12 010). and h;ac had cm,,idellcle success 

in ilenltilsC ig sclcotim that diller greatl\ in 

tileit suscepIibilit\ 1to Ic/iotho ittack. ()ILe 

selection. 1('('-5(16. lias icrtorinc( consistentlI 

wsell o% e.ser and tests. ]]lihs \ear We compared 

I('-506 with ent ries in the Indian national 

\'ari'etv lliill ((G('\'l) andian ('otidinated 
o itr,iand tloftnild that it ot'iieldcd all other e 

nca,, the los\s i lelitage: ol pod da maglem 

Sabl6). \.We haso:eother selct Ions that look 

CLial pl) I i e best of thsslecton 
arc nov, ':hn used in the breedinglrogrll i 

attempt to further intenisiyl I/i/ioIi.s resist

.ilce and to incolporat this resistaIce into 

Iillit at c 1 1a I i t Itit \ c o t lie r (Iecs table) 

It is now evident that 1('(i-506 and soie of 

our other lh'ho,hi,-resistlnt sclectioni, are \Cl'V 
susceptible to \\it diseae, CiilSedl b\ "laJ iuiu 

(JXV.S/portim. u)ir bretc rs have been tilaking 

Ceros,,s that shouild givc progcii\ with coinbined 

s\it and I,'/iwhl. resistance. I'i cooperation 

\sitlh I(' RISAI bwiohenlists and the Max-

Ilatck Institiite o IoioBhciirist at IMniich. \c 

ha,\c heen attcnptin t, identitylthe incchaitis ils 

insol\cd in the rcsstance of chickpca selectoti 

to Ic/ioiltis. ist, ma \ e lreported that poly

phenol contents are particuarls high in the seed 

Iable6. I)ata frontatrialof chickleacultivarsgrown 

ill pesticide-free conditions at I('RISAT (enter, 

1980/81. 

t, t .,t y 

I'lIt .i.;tr, 1 ml-'lrin 'tnllnlg,' (k I. 

t..... 

t1 ' - 17 t MM 
17 Ill I G: WI'hu I 

HION-11-3 12 9 159,1 

.7 23 t-W)'h.,k-11-73+ 10 -57 15 14,(; 1 

65 t18 1,133 
57 lii 1395 

til-I 
i(."'( -t : 


65 I1 1276
[IW-405iii ;-,litl 75 t I 127'21272 
'' O o. 75 it 

2.2 108.8 
'V '';, 34.7 11.8 

' 
l. 'ci.'lt-d i prt'e'vious years lists I t ii g 

" 
i'tslstlo lt Iii Il I u.I/, j. . 



Re. i, io ll01Ihipu/. 

coat ( f'C-506. lhi, , ca i )r. I. Rcnlhol of' 

th.c \Ia.\-l'lanck In,,titutc has rportcd that our 

ilIrL rc,'stillt sclc'titi1 tclid to c tldc urcatcr 


coilccini Itillons+ ofti tnali,' aid.' 11011 the in, 

lCiiitltl,tl hil tint ,.O\C the plaitlls t111 the' 

et'lhii t
i!ic 
()Ill il- pi to C\tCild the tCSmlt ()llof oCil(ttd 

selceltis tIo otlicl loctttsn,1 \\crc isistcliillrcl\ 

Ci itiaite(. \1 ot i Ilsiii , lltiic l Lhctrials 

hwkcd ,,oo l tittil iC Ih clill'-ic \tic .
i t' MIeu Coldt 

\ c \\cih iciti'coiTdlilac l t ile s.
ouflup 
[ iil l I , I 10 1. \\ hill I ;al ' ictt 
tlh: ftllii'. i li os i lot . o l tl;iiitae cau +Cised 


l *'i i s :'. ',c', corn lt, plarticilarly o 

l~iiut .ini pitl,o Chii lIlt bccin ,llccicd b\ lis-


ci c'. Ch ;i.<,s c~i~tlii i1isl1+ ie ' tlillcijic, 


i,lllitl ih%\ tiftilI 1 i c('itl ctli ctucc, 

i SuSL.Cl:ibilit \ t0 lie t . \\ e sllliet the 


s'lcet ci [.,A.l Cii 1tl ,iuI, ill 

kilt ciICilt I cii! ii i c 'iJiLiI ni \itIh M( Ill' .
 
Ih .i' l ii Ii OcMcils iC (i1iflih cCmce te + 


cl t \ ilitu I Ili' \\cIL ' ci ',ien 
1111111 ( 111mlih l t . ill Ci11iil \ ill \\hict c 

dinC ! 1d 
,WC iIIhl 1tclielielie"t iclil kc+ults ltUt 

I inslll,Ill t i 1iiw lickhitpcii-ciL inM2, al(a + ill 

1C ( -i h 11C U t pticIcltic't ill 1 t hll-

M Rl s c 101 
,ll llh1 +l Piiilitil 'CI), t ult5 loiikcd no heieI 

1,liti ii i 5110 (ti l L 'L k I lese rti1ts 

lkit~lIhCli lltl i; il 1 I"+ iu aint'Uioll). 

ii . di. liiilli c l d 1ic'it'L l hii Illiclisl1\ 
,,ill 'c.' !,t iii tl " l it I i it . ,is the t&Iti 
i ih sl tiii,1 thijiii(tl ihict i l ic l icI ikcl\it) 
hIl'i i ili\ i iipll'ich i.klpci-,,iI i nC I il t Mi11, 
ir"cias. 

Breeding for rest lnce. ()ti l tsi i incii

',O,,lltIA/i lii< tstti',t;nxC Hltl .diilpted back-

l il ll '+l, t, ,'t't I li~llc'l IL-1-, 01 Cilo , ,+ "s + 

\kC'l'
 

ct' ilclllim _ ,Ix dci i tl Cio kihiili plliletlls 
Ics>itlhi t) ]l.hl'Il,. aind N. furtlici closs 
\\c! Itl' l \iseli nl;iptcil tiid It 'te ills'it c'c-
tiuils \ Ie litCA ICel tl 0 IilCl itIltl F if a 4', 
.1dijlll-l t l lL Usce II C iltl esistil lute, 
u1ile,C ill N9) >111(itileictd that \iilialilul il podil 

h l ci tiitLi.ce i iL u miiu C il ii.titi l) bti\ 
" ticL ie. Escil iiiit iitia-iil iti c cts lo pii\\l 

ii1il1ihc i i'liti tt cid ill iiiec ii itlc- rcc 

5uln titltlsI 

We selected 1170 singlec plants for low and 
nigh h,)rcr damage in 42 F,, of crossesimade in 
1978 7-,' and 1979 80 to he gro\ln is nonrepli
ated I' pro eltitcs 'tU further scc tccfli&, ill 
t198 82. Il addition. 121 FI pro etlies of 7 

('l'tsst'. mnadc in !978 79 \\tic cltoii as tiiiinrcpli
irs,. Ihere \a' a Sutall hut Significant 

positie ciitrlt- iti (r 1< I)for per0.27. .()1) 
ccita'c lol orcr dalitagec bet\ Ccll hIc 1 Ph [ tl in 
1979 SO atid their I.; prottlnics. Il both sets there 
\C c 2 Oti AColItioInS hcteCCi Ild asIei.,CSmllCllt 

C tla detcrhote r l illilag and perceita illage 
millcdi iih thc hiCbo t lu'\ cotirnitigl heffcellctie
[ess of ls iltassessit l l'otiClborerl.ldamlac 
SClCCtiolil purposes. 

IlcetdelS," materials sclcctc under intsecticide 
pltetti e el- \ Iliresistant sclec\\CtC lllpared 
tions tindclt pricctcd and insecticide-ree cotidi
tio1is at Ilvderahltd (shiort anid mleditlli 
tritrati t)and it IIisa r (hltig d rat ioln) to assess 
the t lagniltte of iitciracliolls het ccil ecllo
1.\pe', and insecticide applicatiotn. 

At l~dciahal. I((-5)6 and ( -738-8-01-11)
fll \Ncrc killed h\ \%ilt iii the uinprotetted. sholt
duration trial and were excluded from the 
a il\ Is . Il hot li titatot roiirups (I able 7) sctd 

\icll] ant bter dallia e \\Crc higlici in the 
itll)i~ ll cCIh.l ill the prtecttd trials. iit(liciltltali 

il, , the inflhicinmc iil fa Cti S otlicr thall hirer 
tlliiMUiL'g ili scil s\icltls. I ll s\c\Cl. 1ltCuC %Ci'C sig
nilicitit itticrla 'iiils I',.i%\con iisc ticith s aid 
gTiitilt sC 01u ,'t' iec l. 1ite ist a t lite s in

rlahtiselsI hiher . ichlts thtan tie hreCetr'" 
ilnes iIlder tlliltt c led t ucotlitions. 

Respoise to Inputs
i certilizer P iic, nent 

I lic pissibilit. that the failre to ibtaii 
ICSlIste Ioi nittllen aid phoslphortus ill chick
pea is ttle to ltt Iiscnce o lltriclits ini tlte acti, c 
ill /otll \\it,, xatiilled 1y spot placciennt of 
Ilrtli/lr. Singleut stcr phosplhalc 140 k 

() hCiha placed uloe aitIlin tilici ll ill lC\ i, a 

\i\ iiuca 121 k \ i)altilcphtls o21,45.aid 71) 
cut. htt \\it I lttt \iith tit irricatioti on a deel 
\t'ii o ll i llasailahle tii lieit ((ill ppltl. 
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102 Chickpea 

Table 7. Seed yields (kg/ha) of Iteliothis-resistant and breeders' lines in insecticide-free and protected trials at 

ICRISAT ('enter, 1980/81. 

+hrl ,!tlrll Modirunt dural imij+n 


Unp~lrc(iletv I Pi'lr l e d IUnpIrl-4
'cled( Pnr)totoltd
 

Ilhli t'o i I'ros i ii lilies 21)22 1332 1( (;8 931 
ItI. . IG4 ( 139;3 1558 9:1; 

.\nnigri 1828 1G5( I839 13)8 

s 1 71 .0 G2.0 

m I8"133 1,11 2 IG38 975 

Sl 51.1 2.1.8 

Table 8. Mean grain yield (kg/ha) as affected by fertilizer application and irrigation. 

No ertl ilizer 

UnitrrrigutId 1l t1G 
Irrigated 2718 

St,.' nt ml irrigntii, hevel 
S i.- fortilizertiln Iv,'I 

Meiii for fitr ilizk-r 2017 

SI', 


medium in available phosphorus (7 ppm), and 

moderately saline (0.6 in mnho. cin). 
IC mean grain yield increased by 75("i due to 

irrigation, by 9(i due t)phosphorus alone, and 

by 13.1(7i when nitrogen and phosphorus were 

applied together (Table 8). (rain vield increased 

b 32"i in response to placenent olnitrogen and 

phosphorus together in the nonirrigated treat-

ment, probably because the nodules ceased to be 

active earlier n this treatment than \ hen irriva-

tion was applied. 
tTIhese res u Its suggest that deepand spo place-

ment of phosphorus could result ina marginal 

increase in gra in yicld, whereas nitrogen is effec-
tire on., in a receding soil moisture situation. 

Yield Potential 

We demonstrated in 1978 79 that the yields ol 

chickpea at ICRISAT Center (in peninsular 

t(ret i sriper- MNeIr for 
, 1SUrippthslwlmlo I1h40spil e irrigal ion Si1

1557 1864 16 12 18.7 

2907 28,1: t 2823 

87.3
 
75.7
 

2252 2151 
53.5 

India) are low, compared with yields in northern 

India, due to moisture stress. Irrigation 

increased yields more than twofold (ICRISAT 

Annual Report 1978179, Table 5, p 125). 

Potential yields of three chickpea cultivars 

were assessed for tihe first tine ilbig plots (675 

1W) to confirm earlier results. [hc crops were 

grown in nonreplicated plots under nonlimited 

nutrient and water conditions. Yields were estima

ted froim sample areas to assess crop 'uniformity. 

Growth duiation (sowing to maturity) ranged 

between 105 and I10 days and grain yield 

between 2800 and 3200 kg/ha. Iaily productiv

ity was high, around 26 to 30 kg grain/ ha per day
(Table 9); in a crop growing on receding mois

ture it was around 15 kggrain ha per day(ICRl-
SAT Annual Report, 1978/79, Table 5,p 125). 

Ihese results indicate that total yield and daily 

productivity of chickpea in pcninsular India can 

he increased substantially h irrigation. 



Table 9. Yield, days to maturity, and grain yield per 
day of irrigated chickpea at ICRISAT. 1980/81. 

\'rioirh, IK-S(t AInigi-ri S-I 

YId (kg 1m) 
Itt\. i rllty 1W7 

;Ir;[ III t hi 
hop.rdii') 

2757 

25.8 

:1172 
109 

29.1 

292.1 
It15 

27.8 

Biological Nitrogen Fixation 
hihohitm Strains 


We are tanlsflrring our hiz,!,itn collection to 
,ttnaee in frce.-d e~tlti tn lcs. [lhe collection 
continues It) be expanded, and isolates are avail-
thle to an\ interested scientist. We also accept 
ictUCsts to stoie aIV strains of nodulating chick-

pwa or (other (icr species. 

Sutcce~ss of Inioculattioni a nd its 
Evatluation 


At ICRISA I Center, significant responses in 
chickpea yield to inoculation with rhiohia have 
otlyl\ CCn obtained 'henl(IIlattural Ihi:oltm 
populations are low. supporting the timited cvi-
deCt'Ce iie I\C illthe 11mmlent that tile natural-
i/ed riobia, inIl('RRLI fields are Leierallv 
llecti\C in li.atio I failj retI1 obtaill a.llI ever. 
\ ield response ill atty situttion does tot necessar-
ilk indicate that the iloctilti has failed to 
hcnefit the plant. ills. successful establishment 
of ilile Iil may be reflected in superior rittro-
icu liition \\itI greater input of fixed niitrogenl 
into tie host , ( hence a saving oflsoil nitrogen 

Itu tlose f Estahlishment ofn LsetLuCnt Crops. 
fle it is d hv determining tilcit'tlituti lc.tstrel 
proportion of nodules due to inoctillin.tile 


)ne of the techniltCs .. tplvcd is ttluse a 
straini \with a particular recopLni/ahle attribute, 
sc,h itS antibiotic resistance. Iwo methods of' 
nocillilltt application nlrnl.l seed inoc ltion 

Midti inoctufant in liquid ptured onto the lurrow 

Biological Nitrogei 1im.'iimn 103 

below the seed were used in three different
ields th Iwiy 

ig numbers of rhizobia. 
With both methods of inoculation, the inocu

lant strain was most sUccessful with the lowest 
level of native rhizobia (Table 10). IJq uid inocu
lation increased the success rate, possibly duc to 
closer proximity of the rhiiobia to the roots. 

I ield testing of I?/tizo itm strains was con
tinued at ICR ISA I Center as part of AIC I 1P, 

but no significant responses were obtained, 
apparently because of the adCquatC ntumber and 
efficiency of' local Ihi:ohiunt populations. 
How wever, intensive collection of nodules was 
made at ICR ISAT Ccnler and in collaboration 

ith I)r. A.L Khurana at IIlaryana Agrictltural 
University., I lissar, on an experiment testing two 
host,, and 14 strains of Ihizobtium. With the 
dehe nlcllt ol antisera now in progress at 
I'"A I Center in recently completrd rabbit 
housing facilities, we expect to be able to exam
ine the competitive ability of the inoculant 
strains and improve owr selection criteria. [he 

potential of' inhcrent antibiotic resistance as an 
identification tool has not yet been realized, and 
Ifurt her stltdies arc in progress; mider a collabora
trive protjcet with lie Rothansted Experimental 
Station at Ilarpenden, U.K. 

Nitrogen Fixation 

In pre\ious annual reports we reported ot the 
poor lodulaticn and nitrogen fixation by chick
pea at ICRISAT Center uinder rainfed Citldi
tiois and its improvenent with irrigation. 
I ilitcd data also suggest site differences within 

. .
 
Table 10. Success of inoculation in relation to the 
natural population ofrhizobia in the soil and methods 

of inoculation. 
1i1 11 . MvIlht d of, ittoc'ulalion 

,,ttittVi Si.ud .i'uid 
'ivId rthiz hi wtt ing itt-uutt lt 

NuduIhs fm iii iithut t%) 

I <1 8 1tOf 
'2 '10t 80 
3 80100 t 12 
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a cultivar, as nodulation and fixation were Iissar, were made fortnightly in collaboration 

superior at Hlissar in northern India. )uring with l)r. 1.C. Garg. 
1980,81 an intensive set of measurements by the In our study of four varieties at both sites. 

acetylene reduction technique was made of both K-850 (previously named 850-3,27) behaved 

nodulation and nitrogen fixation. The measure- quite differently from the other three, which 

ments at ICRISAT Center were made weekly, were similar. The data in Figure I are for K-850 

while those at IHarvana Agricultural University, and G-130 at both sites. 
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Figure 1. Seasonal profile of nitrogen fixation at lissar and I1CRISAT Center, 1980/81. 
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Major differences between the sites within a are difficult to separate, and further studies are 
cultivar and superiority of K-850 at both sites proposed for tie coming year. 
observed by us earlier were confirmed. At His
sar, nodule nurnbers and weights were higher: Screening for Noduation 
nitrogenase activity per gram of ntidule wa. also 
higher and continued longer. Nodule si/c As described in oui previous annual reports,
increased up (170 days at ICRISAT Center and there is wide variation aniong chickpea lines in 
100 daivs at Ilissar. Nitrogcenase activity ceased rodulation and nitrogen-fixing ability. Studies 
by,0 days at IR I'SAil Center but stopped only of tile nature of this variation require the devel
afer about 135 davs at IIissar. Iven this lengtly opment of methods of reducing phint-to-plant
actli\itv at IIlissar \was probably terminated pre- variability and obtaining reprodtucible results, 
nmturcl dire to tIrei rcitkice of ascochtil and ways of establishing suitable controlled 
blight. obser\ed at It0 days, aind borytis gray environmental conditions are being
mold. \which was confirmed at 140 days but was investigated. 
proha hly present earlier. Ihese diseases almost Also for breeding and inheritance studies it 
certainly reduced ilie gra in yields at Ifissar. but may be necessary to recover desirable plants for 
tle\' were still greater than at I(R IS I ('enter seed production folloing ra.ing for nod Ilation. 
(c\ K-85). 2.t0 alil] 1.6 tonnes Ih aid (0-13), 2.0 Plants growing in pots may be removed and 
and 0.9 tonries Ila at 11 issar arid I'R ISA Cell- examined for nodulation at 40-50 days and rep
ter, respectisCly). otted witti 93-97('i survisal to the seed produc-

At IW(RI SA I ('enter tile 'iell and seasoral tion stages. Plants from tile lield may also be 
patterns o!' ;odtidltiton and nit rogeriase activits salvaged ill the early stages of' growth by trans
sere sirilar t, those ill previous sea:. wlile at planting into pots containing sand:vermiculite: 
Ilissar tile yields and duration ,' nodile activity grit (1:2:2), covering with polythene bags for I 
\ere probal.* Its whan niorn;.t Itasevcr, there or 2 days and retaining in a glasshouse at about 
is little dtibt that the Ilissar erivin\-otirent is 2511C arnd 70-75C' relatise humidity. Although it 
mirc lavorble to the fiiroger-fixation process, is more difficult to revive field-grown plants than 

probablv because of lavorahle terliperatuire anid potted ones, we have obtained tip to 90% survi
moisture ctlidiiOnis. At ICWRISA] (cuter sal to seed production in this way. 
(.'RI."A I Annual Report 1979 80. P 93) the 
rate of nitrogen fixatioi responded di aimatically Inheritance Studies 
to irrigation, aidne.aminiation of the rairnfillS 
records of the tsso sites during the crop grorwthl In a study of the inheritance of nodulation abil
perioud (see IZ(RISA Center',; Research Fnvir- ity' the parents and Fr. F, and Fi generations of
Oll lerct SCti on of this A nnui1il Report) res'eaIs the cross between K-850 (good nodulator) and 

rie r moisture input it Ilissar. lublibshed 12-071-04244 (poor nodulator) were examined 
data hY other workers slios' that nodulation anid for nodulation int pots in tile screenhouse. In 
nitrmgei-lixat ion acti\ ities of chick pera re serisi- tliese cond it ions, 12-071-04244 nod ulated as well 
live to temperatlres abovme 30(V in controlled K-850, and and variancesas tie means of the 
erir rrimernts. ()re of tile striking dilfcrerices we different generations were similar, emphasizing
obsersed this past season isas Irat. during the tie need to refine our screening techniques. 
first 60 di;vs aftcr so\ing (fate Oct to late I)ec), at 
I'RISA 1 (Center the siril teriiperature at 10-Cm Food Quality 
depth exceeded 301'C for ii mean of 6 hr diy, 
while at Ilissar the soil all this depth did [ot C ooking Q uality 
exceed this tenperaitire until 161) days alter 
planting. lie relaiti'eC conit'ibi ions of' oislture We evaluated 18 cultivars, includingsone of our 
and tenmperarture limitations to nitrogen fixation breeding lines, for cooking quality, Jrhe cooking 
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time ranged between 60 and 98 min, witha inean 
of 79 mii for whole seeds, and hetween 29 and 41 
nin, with a inean of 35 rin for dlal samples. No 
significant correlation was observed between 

cooking time of whole-seed and LIhal samples. 

The cooking quality of whole-seed and dhal 

samples of I('CC.-4 was better than Alnnigeri. 

Total phosphorus, phytic acid, calci uin, maglic-

slum, anid pectic substances were determined on 

these samples, arld soic of the' \were highly 

correlated with the cooking tirne of chick pea 
dhal (Table II). 

Sttdies of the effect of 	processing practices 

(dehulfling of chickpea) on tile cooking qua lity of 

chick pea dhal shoved that wet processing 
increased tile cooking time of dhal over that of 
the dry processing method. Whole-seed and dhal 

samples presoaked in salt solutions took less 

cooking tinie than those presoaked in water. 

Presoaking in water produced a variable 

respoinse in tihe cooking time oft he four cultivars 

tested (Table 12). 

Protein Quality 

UJsing rapid colorinmetric methods, we analyzed 

means for cooking time, phytic acid, calcium, magnesium, and pectic substances of chickpeaTqble II. Ranges and 

dhal and correlations (r) with cooking time.
 

r(illstit lii II 	 I;i ( ' Mh'ii 

.,2! - 4,11:4.Ciioking l t min 

l -0.549
'TotI ;ihisjihirius niig g2) 	 2.3- 31.7 

-. ** I'hytic idi Inihg 'g) 9.5- I .	 11.1 72 
5:.1 0.357

Coh (Iili lug (100 g) 	 .11.7- 7(0.9 

121.7 	 -1.l;52tt-1361M .ig g 	 112lesillll 11)( ) g) 
-	 77.1; 0.10t8

PeliL ohisimicri. (11(4.g) 55 97 

-:325 21.1.: (t.ti65r**
'Texture (illirIL ftree, kg) 	 145 

S*..ign~ifil'ont ;11 1% h v.I 

on cooking time of chckpea cultivars.Table 12. Effect of presoaking in different salt solutionsa 

I 
I l _I'li ~ILHrIihu l ( llllllllg I lllll_____ 	 l 

ii IL Na(l 1S N ill('( )3 N siscijIt t';ar t',u itru l or NI(t)	 ()I1 

Vihiuhe s,,ei 

12
,\L tii4rI 	 7-4G As 2 1 I II 

81 18 1 II ( I () 1 0 
85(0:3 27 

(() 2D 1 I () 12 I0
1,-550 

8 8 81G 12Habilt 	 72 

8 I1 8 
Ain igerL 	 38 28 16 

12 10
50 :1 27 48 21 20 8 

G I 0t1 1-551 46 20 1,1 

lil ilil ,40 11; 12 8 8 8 

(I. Si Llk iiid I , s. o lutioL n Ili ri)ol LL it n p ri l (Lr Iiih .r 
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4)cultivars for sulphur amino acids and trypto-
phan and compared the values with those 
obtained by standard amil no acid analv/er 
procedure. 'he colorimelric methods appeared
to he sat islfactorv for screenilg gCrmplasm acces-
sions for these ;amIIino acids. 

l o study cnvirntlrncrtal influcnces. \\e deter-
mined the seed protein and a,|minro acid Contents 
of 107 chickpea gernrphtusIIl accessions grown at 
('R ISAI (enter during 1979 80 and 1980 8 1. 
lie prte)cin content in dhal samples showed 
large \ariability. Mshile icthionine, cystine, and 
tiptoplin \alies showed little variion ([able 
13).Culivars
 

In our stulics of, the effects of irrigation andlu 
fertilizer applicalion ( tile seed protein and 
aino acid CollICIlls of chick pea. we found that 
irrigat ion increased protein content but applica-
tiol of Initrogen and ph1osphorus fertili/ers did 
ilot CllllC Iptain \alucs ntich..Slightly higher 
I\eel, of sulllr amno acids (as percent of pro-
tci)\\er obsered in saiples obtained from tile 
norirrigated fiel, probably b,-canuse of the 
reduced Icels of protein ill thein. 

\Ve completed protein anarlysis fhir595chick pea 
breeding lines included in I('SN-I)S,. (IVT, 
and (lFI trials grown at I(R ISA ('center in 
1980 81. alnd I('.SN-I)S. I('SN-I)I., and ICCT-
1)1. trials grown at Gwalior in 198(0 81, to Iion-
itor their sed protein contents illrelation to 
existing Ciltivars ard to examinc tileeffect of 
locations. Il general, tileseed from (iwalior 
appeared to hM\c slightly higher pruntein conatet 
than that fror I'RlSAI ('Center. In all trials 

some entries showed as high seed protein con
tents as the standard checks and correlations 
between seed protein content and yield were low 
and nonsignificant. 

Six FIand 23 lF populations of crosses involv
ing high protein and high-yielding strains were 
grown at Ilissar and two at I(RISAT ('enter, 
and were bulk harvested for selection for high 
protein in 1981 82. l'plants with high protein 
content \will be selected from fonr crosses for 
progeny rows in the coming season. 

Seed Coat Content of Desi and Kabuli 

Seed coat samples of eight desiand seven kabuli 
cultivars of chickpea were analyzed for crude 
fiber, acid detergent fiber, and neutral detergent 
fiber. Striking differences were observed 
between desi and kabuli cultivars in the levels of 
different fibers ([able 14). lignin content (caleu
fated by difference) was higher in kabuli, while 
desi had higher cellulose content. Seed coat 
accounted for about 90 and 70(j of the total 
crude fiber content of whole seed of desi and 
kabuli cultivars, respectively. 

In order to learn the relationship between seed 
Coat percentage and thickness, 21 desi and 19 
kabuli cultivars were studied. Seed coat percen
tage varied from 9.7 to 17.3 with a mean of 14.2 
indesi, and from 3.7 to 7.0 with a mean of 4.9 in 
kabuli cultivars. The thickness of seed coat var
ietl fromn 115 to 205 ji (mean 144 .t)for desi and 
from 37 to 106.iin(mean 58.5ji) for kabulicultiv-

Table 13. Comparison of protein and amino acids of deratted chickpea dhal samples grown on Vertisols during 
1979/80 and 198 0/ 8 1.a 

rI4'r in u%) 
Mtlt' iiijiv (g,'tig N) 
('ystill' ( ,'Hig'N) 
'rplq)piii l (g.l0;g N 

(i. tis'fd it107 cull ivarN. 

1979, .,0 i98n/81 

t19.6-29.2 
0.9- t .16 
(i.8- tl i 

24.101 
1.1: 
1.08 

15.7-25.G0 
(t.8- 1.52 
0i.9- 1.42 

21l.!1() 
1.14 
1.17 

0.7- 120 0i.96 0.8- 1.27 1.05 
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Table 14. Means and ranges of crude fiber, acid detergent fiber, and neutral detergent fiber contents of seed coats 

of desi and kabuli cultivarsa 

I it, r l ntt'in Itang,' Meit ii 

('rude 'il r ) ';' )I lit-s.( 52.3-5S.0 511.9 31.A-,tA 36.6 

Acid dt,trg..,nlfiberwellill(Is ' I-lig~nin) GS.1-72.8 70.0 51 .2 (-. 55.0 

Nt lr;al-de'tergenlt fhl~tr (IN) 

0.111llt. f- lig..ninf 

livnice il ,se) 72.0-75.3 78.2 52.i-6f3.7 57.2 

dtsi wid sevei kihuHi cult,.'rs.(I. lifist (,,,vight 

ars. A positive and highly significant correlation 

(r=0.923) between seed coat percentage and 

thickness was recorded. Seed coal thickness was 

not significantly correlated with seed weight (r= 

-0.13 for desi, 0.16 for kabulli, and 4). 19 for over-

all). 'Ihis observation requires further study but 

indicates that it may not be possible to reduce the 

thickness of the seed coat by selecting for 

increased seed %%eight. although the proportliol 

of seed coat is lower in ncIltiva rs possessing larger 

seeds. 

Plant Improvement 
Breeding Methodology 

Various plant improvement studies are in pro-

gress in the ('hickpea Improvement Program. 

Breeding methods. This year single-plant 

selections were made in F4 space-planted bulks 

ol six crosses (('aina x lPonatlar, .l;-22 1x l:-404, 

P'-324 x I('C('-5. 13-106 x NE('-989. P-79(0 x 

I-1798, and F-496 x F-404) ad vanced by pedi-

gree, bulk, or single-pod descent methods. 

Multiple crossing. Twenty-one !-bulks of sin-

gle and three- and four-way crosses among 

Annigeri, IC('('-I, I('C('-2, and 850-3 27 were 

advanced in continuation of a study ofthe varia-

1) x K introgression. F,bulks of crosses among 

three desi (C'tS-I, Pant G-114, 13G-203) ands 

three kabuli (C-104, K-, P-9800) genotypes 

were grown as space-planted bulks for single

plant selection and classification according to 

seed type. Crosses involving ('-104 exhibited a 

much higher proportion of' kabuli- and near

kabuli-type seeds than those involving the other 

kabuli parents. 

Off-season nurseries. We again advanced li s 

and other materials in off-season nurseries at 

Tapperwa ripora in Kashmir and under rain shel

ters at ICRISAT Center. Procedures are now 
standardiied to ensure prod uction of sufficient 

quantities of good quality seed for sowing at 
ICRISAT Center in the following ma in season. 

At I('RISAT ('enter, we advanced 103 F1 s 

from various crossing progrars and 290 I':bulks 
of crosses for erect plant type. 

At Tapperwaripora. we sowed 757 FIs, which 

included: (I) diallel and line x tester series oif 

both desi and kabuli projects, (2) material for 

breeding method and introgression studies, and 

(3) crosses to incorporate wilt. sttint, .I.wochia 

and 1li/othi. resistance into improved back

grounds. Ii addition, we multiplied 353 i pro

genies and 315 F-to ,bulked linics. 

Marle sterility. ( )Prr cllorts to selcl for greater 

stability of the male-sterile charaicteristic con

tintied, and wc crt:,sc( ri;ie-sterile plants withbility generated by multiple crosses. 
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adapted lines to introduce theimproved backgrounds. character into Table 15. Desi populations and progenies grown ofICRISAT (enter and Hissar, 1980/81. 

Breeding I)esi Types c',,,rntimi 'onhir ti,-,sm 'Ttil 
We madc 228 hrtl,'rcrosses anmiog genotyles I, 95 190that had perlormedi Cotnsistently well ill India I:117 3142 65f,and clsc here. iicltd Iit' materials dICveloped by I 1.1 94 338I('R ISA I and ot ir centers. Nea rlh5500 pIpti , 	 8(0 10 190tlatiomis and plogetties of earlier Crosses \VIL 
 )1
ad\aneCd at lI l.\S I ('Cnte.r amd llissar( lable IV 520 47 95715). J' p" 1kIpll \\ -eI u,) pt oitIs e-cco p2I2161" 18:1 419rC1eat-1 trials Itone1,.CIr0Ft ImoreC eh.d 0 F" locationllS. I1 anIIId I:. ;151 210 56 1 
I"tests of diallcl and line x tester sets at I(RI-
SA I ( 'enter or II issar t f 1irme ple' , ifs Irldi- 'lf I 61.1. 185:1 54197 
eatlions that genctic \aiation ii chickpea is
 
prctlm(imintl'\ addimise. 
 We included 145 F;
 
plmil Ihtionls toll crosst.s illtdc in 1977 78 il
replicated trial, at 	 I(RI,;\I ('enter . (i\vwlitor. and (Gwvalior.eahclcoprising47 promising F; to
and Ilissar. and the best of these are being ;id\- I-lines hulked in the previous season or ICCC
accdltr flurlther sClection in ll "2. lines and the checks. Annigcri and (-130. At

Cr 301111 sinlec plaints scrc selected illSO I80 ICRISAT Center several entries gave signifi-Itilk s. I liese. t)octici \\ itll20(10 plints selected cantly higher see(l yields than Anlligeri. the highi- lai'd k prgl'enics \\ill be examined furtherin est yield (3372 kg 	 ha. 1C-75788-3911-ilI111P)
iioi-lrpli ttCd peLicti ross ill1981 2.Promn- being 73(j more than the check. At (iwalior,1111L, imiiflIll prooenies inl I- and more ad\anced there were Io significalnt dilfer:ewes alongctnriit}ion,, \.re hulked fotincliniotnit iterna- entries. [he highest yield was 1331 kg ha (ICtiolal cre,.'ening nrilseries inl I195l 82. 75674-281-I)II-I1 P) compared with 955 kg haI s,%o peliiitiir.\ trials of short-duration flro (1-130. inrr.( l('-746X5_911_lBlI Ili llnater'tials \\ere cotnttucted ati(R ISA I Cetier 	 IP-I3I1) has been suhnitted for AI('TII trials in 

191 82. and several \will he included in interin
titlal trials and nurseries. 

Breeding Kabuli Types
lie kalnli programn was expanded, but because4,:,.of',.:. 	 of seriols diseasc problenms eticot utered at II is' 
 mo(,st, : isar dalta \cc incomplete. We nade 97 

, 
! . crtesses invokling kabutli genotypes to combineligh \ield ;and 	 other desirablc agrotimic 

,crli 
 acteristics. 

c 
 trials, fise yielded significantlv higher thant 
th, check 1.-550. Further selection \\ill conbe 

Proge'<ll I 1',-	 r fined to the best poptlhtti,,s.I r(li 't /M,'W Fllr/i+ is1ytl. m~atll-rtt W e made aroundllt I1100 single-plant selections 
allipoil,,rlaa
/(oI 'olr' ufolIdill'atio ill ,'101t1h1'.r ill2551 I',to F+populations and progenies on theIdia. 
 basis of, yield and 	 seed characteristcs for pro



genV rows in 1981 82. Inaddition, 164 rows were Etxtending Adaptation of Chickpea 

sele ted for nonreplicated hulks and 9(0 for repli- u(ir investiga tions to identify genotypes adapted 

ca ted trials in tile coming season. to iew cropping systellS .1andelvirollnlents 
III trials of'advanced hrceding lines, 32 entries c.oliti t.l
tt.
 

gIvC significantly higher seed ,.ields than I.-550 

(f1able 10) anid \were similar inI duration. Seeds Early sow'ing. Scicening of genotypes forearly 

tended to be small but sevvral lil vics combilled s.owilg in peninsular India was again carrit-d out 

sed si/c. at ICR ISAT Center.good yields with acceptabhle 
Forty-seven genotypes that had performed 

consistently well in early-sown trials at ICRI-

SAT Center in previous seasons were included in 

Tabl. oreplicated tests sown early (mid-Sept) and at the 
Table 16. (haracteristies of kabuli lines at tissar, normal time (mid-Oct), together with Annigeri 

and G-130 as standard checks. 'he early sowing1980/81, 

S1,, VII hi ,r under rainfed condi\\,ig established satisfactorily 

vi,.i I 1011Seeds tions, but early cessation of the rains made it 

WIN,. dig ) () necessary to give a presowing irrigation to the 

.normalsowing to ensure emergence. I)uring this 

I' season, when rains stopped very early and no 

22.0) winter rains occurred, early sowing did not7,16170-!11-ll-211 H11' 2228 
yields were signifi75485-1111-211 1I Il-111 2197 :t2.: extend crop duration and 

74.11 1-1l01l-11 '-1-111 21 11 21.7 cantly lower than in the normal-sown crop. 

1,-55 , 1.1:5 2:3.1 Hlowever, a number of genotypes, which had 

given consistently higher yields than Annigeri
1:, 290 0.9 


over two to three seasons, were identified (Table 

T'riI .12 17) and 20 crosses wLre made between these and 
7:379 - I-111111 22.61 other genotypes to initiatc an improvement pro111111 21 G7 
7.1.1:13 71'-1 I-:1 -fll1 2152 18.) gran for early sowing.
 
7:192-I1~ II' - II 2112 201.7 We also tested 248 germplasm accessions in
 

I,-55)(1 1'271 2:1.1 four trials grouped according to growth dura

"41 21.1 .3 0.8 tion. In the two trials of shorter duration mate

rials, several lines gave higher yields than 
IP-M ' 2{F,8.8 1 Annigeri. Their seed yield was positively corre

7o385-1"5-I -111-1715 i -l 
with plant stand. These trials will be 

7:1 5-15 1-11 '-211-101 25-17 18.6 lated 
7158-:-2-111'-1 I'-I,1' 2511) 22.:3 repeated. 
1,5511 1 1062 '22.Gi 

55)) 233.5 1.1 Ifigh-input conditions. We evaluated 500 

8.:, 2:1:1.5 I.1 germplasm accessions at I-lissar for performance 

high-input conditions. They were sown in 
TrI kunder 

1111 an augmented design, received 40 kg N, 60 kg75.1M; 6;1'Ill 2511 21.7 
21.I 25.5 P2O, and 50 kg ZnSO!/ha and were irrigated75,185 Ill-Ill111 

7558--3 -1I'-1 BlP 211; 24.9 twice. As with other investigations the trial suf

11:1:1 21.8 fered severe disease problems, so we plan to
I-551" 

0.9 repeat it in 1981 82. 
233.1 

..........- Late sowing in north India. Interest continues 
I..M m;s ,,I1\ ( et. ries. to increase in genotypes that maintain yield lev-
I. Menns ()1 I lhiv, otrip s. els when sown late following the rainy-season 



Table 17. Seed yields in kg/ha and as percent increase over the check Annigeri in early-sown trials at ICRISAT 
Center, 1978-81. 

197$ 7 - 1 79,1 1) -; _ I9 I1r - - _ 

K IIIry Yit-hl i n-t st. Y Id ivil I y n I( inc';I SM Yit. II i t rvas 

'-129 I;: ' 12 G 65 1.161 121 58 15.18 I1 
'-1067-I 111tI 8)8 W1 12822G G7 121 39 1:121) ( 1 
-Iox9- 11:171- 11$ 111 15 59 12G 57 1057' 121 1.1 1251 53 

11-18 87-1 606 18 1519 12G 52 1153) 121 I 1 11,17 29 

Table 18. Days to 50% flowering, seed yield, and total dry matter (kg/ha) of 10 desi and 5 kabuli cultivars of 
chickpea sown on II November and 21 December 1979 at Hissar. 

I)nys l(j 50'!;, 
fl m.eriY i IiTI lt;lI dry iu itt r 

Iht-c Ias isa)'+ 
N v 1),, N .' lI)ec ,f Nnv Nnv lI)e 1 1. ' N iv 

I)vsi $"82 741 1510 (ills .5Io 10G9 1447 17 
IIIiIli 75 ;0 11331 759 G17 270)1 2:187 8:1 

si,: 3.3 3.8 81 9 Il,:1 17:1 , 231 G 

crops---sorghum, pearl millet, maize, or the early stages of vegetative growth in ,,ce 
paddy---as an alternative to wheat in north plantings may explain better adaptatio, of 
India. kabulis, since they evolved in similar environ-

In our study of this cropping system in mental conditions in the Middle East. Thiscould 
1979,80, the performances of 10 desi and 5 be an important consideration in breeding for 
kabuli cultivars were compared at two different late plantings in northern India. 
soving dates -early November and late We included 21 Fis and Fs of crosses madein 
December. 1979/80 in a replicated test and single plants 

lhe time to flowering was shorter in the were selected in bulks of the best F2s for progeny 
December than in the November sowings, par- rows in 1981 82. In addition, desi and kabuli 
ticularly in kabuli cultivars, most of which fio- genotypes that had performed consistently well 
wered earlier than the desis (Table 18). Seed in late sown trials during the previous 3 years 
yields were low from the November sowing, were included in tests under normal and late. 
which was later than the optimum normal sow- sown conditins and the trial of 12 contrasting 
ings in the region (late October). However, the genotypes was repeated. Coefficients of varia-
December sowing yield was less than half that of tion were high due to disease and the trials will be 
the November sowing. In the late December repeated in the coming season. 
planting, kabuli cultivars in general produced 
higher dry matter and seed yields than the (lesis' Plant Type 
the best yields being obtained from I.-550 and 
GL-645, suggesting that kabulis may be better Tall erect habit. The development of 
adapted to late planting. L.ow temperatures in improved, tall erect plant types suited to 
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mechanical harvesting and with possible will be an added advantage in more humid
 

improved yield potential continued at [CR ISA'] environments.
 
(-'enter and IHissar.
 
The crosses made included a diallel set of six Double-podded and multiseeded types. Geno

derivatives of previous crosses that had gix en types with two pods at each node have shown a 

yields sinilar to conventional ypes in trials at yield advantage of tip to II (, over noi mal. 

ICRISA' ('enter or Ilissar; and a line x tester single-po(ded cultiva rs. Increasing the number 

set of eight adapted lincs and five original tall of seeds per pod also offers the opportunity of 

types. improved yield potential. 

From thl,'progenies bulked in tileF , and F Around 25 lines stable f'r tihe double-podded 

generations, we included eight lilies at ICR ISA[ character have been identified. Amnong 30 multi

('enter and six lilies at Ilissar in a prelimilary seeded lines evaluated at I'RISAT Center, 

plant type x density interaction trial. One trial oult number per pod ranged from 1.8 to4.0 and 

comprising three tall lines and three checks seeds 1er pod1from 1.I to 2.2. with a mean of 1.6 

(Annigeri. K-850, I('C'-4), was evaluated with 

and without irrigation at IWRISAT ('enter to 

assess yiheld potential. In 2 years oltesting, yields 

of the midtall types did not significantly exceed 

the best yielding conventional bushy ctdtiia rs 

(Table 19). There was no interaction of plant * - " " 

types with different planting densities (8,33, and * wa,,i> .1 j$ 
67 plants Ii),but the derived lines in the I and 
F' gencrations yielded as Well as tilecon\Ven

ltall types very k' ' 

poor. yielding (I1C" ISA I Annual Report - -",, , 

1976 77, [able P 99), incorporation of' ... : ___ 

tional tvpes. As the origi are ' . 

-*,
30. tile .j, 4.+' 
improvcd yielding a bility (by means of early ,
 

flowering and Increased pod nmber)Iin the frst
 
cxc+,: of crossing offers promise for forthor Iron h/trmiNu ltwis Itlhowin-., gro th redt lioltt,
 

improvement. The more open canopy also con- Mnd i1I/u, in tldtt/,(I/th' .,'cnotvc. (.V1'-62 iii
 

tributed to reduced disease development, which Iphlua,.ral'h).
 

Table 19. Yields (kg/ha) of conventional and tall chickpea genotypes at ICRISAT Center and Ilissar in 1979/80 

and 1980/81. 

I1 'I' ~qA 1' ( pll~'r I issn r 

(uiltivir I Ni. 197 80 1980 1 lii i tv" W Nil. 1!7,! ) 8to 9 0,8 1 

,.r 8n 222;3 11218 2G,15 2071,77 
K 8511 G57 20,18 1:M 1 (8611 2299 

T II
75 7:t4,1P1- 1(;G07 75 12 52 11 1-3 11111l 1,87G; IG22I1P-11PI1 
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compared with 1.2 in other lines. Six lines with 
more seeds per pod were used in the crosses. Five 
lines (1IMS-4,-5, -6,-13,and-23) were crossed in 
adiallel series to consolidate genes for the multi-
seeded character, and five others were cro;sed
with six dotible-podded genotypcs to combine 
the two characters. In addition, selection was 
practised for the double-podded and multi-
seeded characters in 61 F,populations and 351 
t progenies (ICRISAT Center) and 166 Ft pro-

genies (tlissar) of earlier crosies to combine tile 
two characteristics, 

Inheritance Studies 
Crosses have been made to examine the inherit-
ance of susceptibility to iron chlorosis. F, will be 
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grown off-season and the F2 populations will be 
grown in the 1981 / 82 season. 

Cooperative Activities
 

International cooperative work continued 
through the distribution of genetic material in 
the form of trials and nurseries and increased 
contact with other programs. We are tending to 
tailor materials supplied forspecific situations as 
we have learned more about problems and 
research capacities in chickpea-producing areas, 
particularly in Bangladesh and Pakistan. 

International Trials and Nurseries 
We sent 132 sets of trials and nurseries to 57 co
operators in 24 countries, mainly India (Table 20). 

Table 20. 

m III Itry 

International chickpea trials and nurseries distributed by ICRISAT in 1980/81. 
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litil hI l 
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,) 
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16 

2 
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1 

2 

14 

9 

76 
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1
]
511: 

1 
1 

4 

9 
2 

12 
5 
2 
2 
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Trials of F, (F2-MLIT) and Ft (F-M IT) popu-

lations were continued to identify crosses exhib-

iting stable performance across environments 

and to make available segregating materials for 
mean seedselection for local ada ptation. The 

yields of populations of crosses connon to 

in lable 21.1979; 80 and 1980M 81 are shown 

Crosses IC-77 1084 and -77429 performed well in 

Itf 
- , 

- -" .. .. "intern 

. 

i, ...;, 07:;,long- * .. ';w.. .. 'rials 

T 19) 0/1 OhnAta trial1a1d nir.wric.s atI(RIS. 

1%/illrdi in Bant,lad.h. 


more consistentboth seasons. The results were 

than reported last year, but the yields of some 

crosses varied considerably between years, con

firming the need for test, in more tha n one sea

son. International chickpea screening nurseries 

of short- (ICSN-I)S) and long- (IC'SN-1)1.) 

duration desi genotypes were sown as aug
entries,mented designs \with 60 and l80 test 

respectively. At most sites there were entries giv

ing significantly higher seed yields than the best 

checks. Among the short-duration group. 

ICCI.-80074 gave the hillhest yield and appeared 

among the top 10 entries at 8 oft the 10 locations. 

In tile long-duration trial. ICCl.-80082 was the 

highest yielder and ranked in the top 10 in 5 out 
of 9 locations. he best entries will be included in 

tional and coordinated trials in 1981 82. 

'Ilie International Chickpea Cooperative 

' tested 16 lines of short- (ICC -I)S) and 
(ICC",-!),.) duration desi types. Tw,,No long

duration entries. ICC1.-79065 and -79090. will 

be submitted lor coordinated trials, and others 

will be repeated in international trials in tile 

conling season. 

Seed yields (kg/ha) and ranks of F2 (1979/811) and I3 (1980/8!) populations in trials at several Ioeation:i 
Table 21. 
in India. 
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International disease nursery. l)etailed results 
of the International (hicklpea Root Rots an(l 
Wilt Nursery (I'R R N) for 1979 8(0are :tv..I. 
able separatelv (Pulse I'atholIgy Progress 
Report No. I). We sent 56 entries originating in 
four countries and in IWR ISAF ('enter to .5 
locations in I countie s , ),ta were returned 
frIolm 21 locations in 19 colintiries. Ilirce entries 
(IC'(-20)72. ('(C-7248, and (iG-588) performed 
\%ell acroLss I l0catio0ns, nd eight entries ((IC '-
1(12. -267. -309Q>t. -3439. -72S4. -7681, I('('C'-10, 
and (i(6-669) did \\Il across nine locations. All 
Wetr Cnies ahlso did \ell across .several 
locatioils. 

Distribution of Breeders' IMaterial 

Ill addition to the nlirsery and trial sets, we 
supplied 1655 samples of parentll lines and 
.t.Loeguling poptlatios to breeders in Itilia and 
elsev hrcldurilie the sear. 

('ooperaltion wihi ARI) A 

I i1,\sear" Oie of our eltolliogists agalli spent 
1
sC\oTial sst'ek s s it\o (' )A at Aleppo. Syria,
 

\hel' tI o rtt)CI;,Itd ,I)StClIIClIt Shi,il l lIIii 
lIc', IIt lt'poltd (lilt ie leaf tiler, /.rioM 

f N 'rhmtl. \.itsIll itohdlan in, th iiingthilalla iilin 
the pie,,s \calr. both t tlle IAR A 
'uachrImll tiald itllocal lfarmers,' fields. Ihere 

osis also i Ihihcr incidence of Ih.loht spp oil 
1lie clop this \rilr. II. \ivipucrl \vats mor' t- 1 
mIi thin /1. illui'cri. I liIolriiie has a \ery 
mlaiked pupal lialpaum,. Se\tral of the puipae 
that \%Cc collected as larsae flrom tIle iiifields 

\lav 9It)and pupatt'd at li, time did not 

produce moths ontil \Maich 1981, I\ospccies of 
braconid paraisiitcs t\e recorded from thele/i-
)t/i.s lir\ .on of Muhich appears tonib ne\ 
recordfoI that rci, n. 

\t'll 40(t(l)t', gCrmplasiti ;xcessions wcre 
screened lfor ascocli'ta blight resistaince at Tel 
Ilad\ I"is ol crosst's between north Indian lines 
and sevenli lt's resistant t,1I.Scochim in Pakis-
tail \\ee supplied lot off-season mtiltiplicatlion 
at lerbol and screening for "sistaince in 
1981 82. We also stppliedseed f1advanced 

kabuli lines for inclusion in ICARDA nurseries. 
See the "International -ooperation" section of 
this Annual Report for a fuller review of our 
cooperative work at ICARIDA. 

C
 
operation with AI PIP
 

We contribtted three ne%\ entries (P-324, ICCC
23. and ICC('-24) to the Grain Initial Evaluation 
Irial. and IC('C'-4 and I(XC'C-13 continued in 
the (iram ('oordinated Variety Trial in peninsu-
Iar and central India for tie 3rd year. In the 
relatively dry season, tile two entries, which are 
Miediun durttion,i performed poorly in the 
peninsutlar trials, bit reports from cential India 
i idicate that they Ias e maintained previous 
years' performance ;n that region. Three kabuli 
lines (1('C'C-24. -25. and -26) were included in 
the kabili coordinated trial. One set each of the 
desi cooIrdiiated trials was giown at ICRISAT 
('enter. For 1981 82 we are suhnitting five ness 
desi and three kabuli lines for inclusion in the 
coordihated trials. 

Looking Ahead 

I lhe quantitative breeding methods utilized du-
ing the past 3 veal's will be ev'tltited. ('haracteri
/,tion of environtents \ill pernit ts to focts oil 
tmore specific obe.ictives with regard to pihysio
logical adldipt ion and disease re.sistance. partic-
Ilarls innottraditional situations stich as early 

sowing in south India, late sowing with increased 
inputs ill north India, and winterplantings in the 
Niediterraiuea and Niddle Fast areas. We ws'ill 
give grelter emphasis to incorporating resist
anice to ascochita blight and botrvtis gray illold 
int( adapted backgrounds and to breeding for 
combined resistalce ti tile major pathogens. 
Ihe incorportit lon lh'/li.s intoof resistance 
high-yielding backgrounds antI tile improve
niient of existing levels of resistance ssill also 
receive increased attention. Wotrk on identifica
tion of efficient strains of Ihizo/hitmw will 
continue. 
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PIGEONPEA
 

The pigeonpea improvement program con- duration crop again suffered from wilt and steril
tinued pursuit of its basic objective: the develop- ity mosaic diseases and from pod borer attack. 
nient of cultivars and broad-based populations The lack of genotypic stability across years was 
of early-, mediun-, and late-maturity pigeon- further affected by the early cessation of rains. 
peas capable of providing higher and more sta- In the northeastern region, sterility mosaic, 
ble yields in traditional and nontraditional wilt, and podfly were tile major yield reducers. 
cropping systems. This report covers the data for ileavy rainfall in .Julydelayed the plantings in 
the 1980 rainy-season crop plus some of the 1981 farmers' fields and also resulted in considerable 
data for the early-niatturity pigeonpeas at our damage to the earlier sown material in trials at 
Ilissar cooperative research statitci: the remain- most of file experiment stations. Thus, no results 
ing data for tie 1981 rainy season are still being on tile nuIltilocation tests were obtained from 
processed and will be presented in next year's our cooperators in this region. The postrainy-
Annual Report. season pigeonpea crop, which is gaining rapid

Our major activities were concentrated at four acceptance by farmers, suffered badly from leaf 
locations: (I) ICRISAT Center at Patancheru diseases. 
(1711N: 760 mm rainfall), where emphasis is on 
the development of med iuiln-matturitv types for 
intercropping with major cereals in central and Diseases 
peninsular India: (2) Ilissar station (290N; 35) 
ini rainfil) for development of early-maturity Surveys 
pigeonpeas stilted as sole crop with limited irri
gation in pigeonpea-wheat rotations, a new Since 1974 we have conducted roving surveys to 
cropping system of northwestern India: (3) identify important pigeonpea diseases, in most 
(walior station (26N: 900 mm rainfall) for of the Indian states. This year we surveyed the 
lorg-dilration tVpCs suited to intercropping sys- two remaining Indian states (Orissa and West 
teins in the nort hreasteri region: aid (4), through Bengal) and four African countries: Kenya, 
contract research, at the University of Queens- Malawi, Tanzania, and Zambia. In Orissa 
land. Brisba ne, Australia, (271S; 1092 mm rain- riacrophoniina stem cankerand sterility mosaic 
fall), whcrc the primary objective has been the were important, while in West Bengal phytoph
development of short-season pigconpeas and thora blight and wilt were common. Wilt was 
mcchani/ed production systems in extensive found to be a serious disease in Kenya, Malawi, 
drvland agriculture, and Tanzania. Cercospora leaf spot was com-

During the 1980 season, northwestern India. mon in Kenya and Malawi and powdery mildew 
with a short rainv sea sonl aind few disease and was important in Kenya, Tanzania, and Zambia. 
insect problems, remained the most productivt 
environnient fr carly -maturity pigeonpea Wilt 
crops. Time of maturity is very critical in this 
region, as late maturity would delay tile wheat Our major effort against wilt, which causes 
sowings and could result in frost damage to the serious losses worldwide, has been to identify 
pigeonpca crop. sources of resistance and use them in the breed-

In central ard peninsular India tile medium- ing program. 
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Screening for resistance. Of the 13 early
maturity pigeonpeas selected at Hissar, 4 were 
found to have promising resistance aid will be 
tested again. An additional 2000 gernplasm• 
accessions Were SCr,,(l, and on lv 48 were iden
tilled as promising. Of the wild relatives of' 
pigeonrp a, .'l-h'o.ta~ v'ohdilis, w;.I S f'oulnd 

resistant. 
In our efforts to develop high-yielding, wilt

resistanlt material, we evaluated 105 medium-ll 
maturity lines in a preliminary yield observation, 
nursery. (Af these, six Iinies gave higher \'ields
than tie check cuItivar, (-I I; these will be re-
evaluated in a replicated yield trial. ICPI.-270 
a wilt-resistant, high-yielding selection from 
AS-71-37, which renained resistant for three 
consecutive yearsl in lie wilt-sick nursery was 
entered ill tile 1981 Ariar ('oordinated Trial-2 
(AC 1-2). 

I laving obtained true-breeding, wilt-resistant 
lines, we made crosses between resistant anld 
susceptible parents to determineltie inheritance 
off resislince. 

Influence of cropi rofation and ;ntercropping.l In 
coopcratioi \%ith ICRISAl's cropping systemls 
scienlists, a 4-year cxperinit to study the effect 

of crop rotation aiild iitercropping of pigeolnpea 
\\as stirtedl in the 1978 79 season. In the 2nd 
yeat, pigeonpea intercropped with sorghuin had 

24ci wilt, in conitrast to X5"1 in the continuous 
sole crop treatiment. We also observed that I 
\ear's break between pigeonpca crops by fallow-
ig, or by growirig crops like sorgliun or 

tobacco, reduced tile wilt to 22% , 211% , ard 44%'-, 
respectively. 

Sterility Niosaic 

Causal agent. The causal agent of sterility 

irosamc is not known; it is believed to be a virus. 
[he causal agent is trarsnitted by aii erophyid 

mitle, ,ceria(c aiani ('haniiabasavaina. hBecause 
it is not possible to transmit the causal agent 
nmechanically it has been difficult to establish its 

\iral nature. Ihis v-ir we intensified our efforts 
to purify the causal apgelit, arid \e ()btained al 
various ines our different viruslike particles 

\ , . 
." . 

. 

It or :: , 

Aceria cajaiii. th ecfor u. t'rilityno.)AicU lpi, ,eon
pea. 

(short, stilf rods; long, thin stiff' rods- long, thin 
flextious rods; and rhabdovirus). Our efforts to 
establish the cause will contin ne. 

Biology of the vector. We continued our study 
of this subject. Viruliferous miles retained their 
infectivity ur to 72 fir without access to a sus, 

ceptible host. The mites' eggs, detectable on tile 

vegetative tips of a ninumber of phints, are oval, 
milky white and tra nslscent, alld slightly 
smaller than tile trichonie glands. The eggs mea-

Stile 30 x 40), and are loosely fastened, usually to 
a trichonle. [hey usually hatch after 4 to 5 days. 
lhe felmiale miles exhbied a short preoviposi

tion period of betwecn 24 and 27 hr, then laid I 
to 3 eggs almost daily. hurther studies will 
colitilintile. 

The miles, which are carried by wind, were 
able to spread the disease tip to at least 450 nl in 
the wind ward direction. IHowever, against tile 
wind, the mites did not spread the disease even to 

25 ill. Studies will conintuie to determine the 
maximum distance to which miles can spread 

tile disease. 

Infector-hedge technique. I i previu s years we 

ised he spreader-row techltiqtc ill which sev
eral intermittent rows of a susceptible line were 
planted 4 to 6 oritlhs in advance o( planting the 

test material. [he spreader ro\s were staple
inoculated in the seedling stage with virtiliferous 
mites and mainitaned by irrigating tliemithrough 
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which were found to be less susceptible to pod 
borer or podfly, were screened against sterility 
mosaic. Four lines (MIT-28, ICPIL-1OO-EB, 

. ICP-8583-EI-EB1-EI1, and ICP-71 76-5-El) 
- showed less than 10%C'isterility mosaic. Of the 16 

q) ~entries inl an All India Coordinated varietal trial,
7l( CRISA's earl,-maturity entry, ICPL.-86, was 

*5,,'"."/ , , , the only one to have a promising level of resist
;4_ ancL to sterility mosaic. 

Sevcral sterility mosaic resistant lines of,".4, medium maturity outyelded the standard 
Sree'nio 10r .eri/lltv mosait 1f/weoiol/a Iv the adapted cultivar C-I 1, even without disease 
inirf,'tor ti'/gc t 1 ihmqu'. I/ic h,,4qi'iifcth d pressure. A nulti location sterility mosaic resist
i. to the right ol tewst li .. ant liires test is being cond ucteJl in 1981 with 22 

of our most promising lines, alonz with a toler
ant check (ICP-2376) and a susceptible check

the summer season (see "ICRI SAl' Center's (C-Il). Inaddition, a multilocationyield nursery
Research lnvi ronment" at the front of this of sterility mosaic lilnes was planted in 198 1with
Annual Report). This year vc modified 20 Fs progeny bulks, which showed less than 10%b, this 
techn iluC and developed the infector-hedge sterility mosaic incidence, from a highly promis
techniquc. Ihis coisiste(l ol'advance planting of ing cross C-1 I x ICP-6997. 
onl\ f1"ur ro\\s of at susceptible cultivar at one
 
side of tile field. [he direction ol the rows was Phytoplithora Blight
 
across the usual wind direction. Plants in these
 
tour ro%%s %crc staple-inocu]lated and mites \\Cre Epidemiology. 
 How the fungus Phrtolrithora 
allowCd to 1'iultiplv. By the time tle normal dreclsh'riEsp. cajani survives from one season
planting date approached, these rows had dove- to another is not known. In our studies to answer

loped into a hedge. lhe disease spread was excel- this utuestion, we collected 5-cm-long stern pieces

lent (intdicator rows had 99.4 to I00('i infection), 
 with lesions from field-infected plants. In one

and Ne ',crc ahle to screen 2 ha of breeding experiment the infected stem pieces were planted

material (tl, il from the infector 
 hedge. both on tile surface and 2.5 cni below the surface
li', tech ique is much simpler than the in two soil types (AlIfisol and Vertisol) in 20-cm
prealer-riw\ techniLte. pots, which were kept in tile open. Two sets of 

pots were prepared; one set was watered every 15Screening for resistance. We screened 433 new days and the other was not. li another experi
gerniplasn lilnes anridl fotnd one line, IC I1-10819 meint the infected sten pieces were kept in gunny
(1'1397630). to be resistant. Selecting and re- bags; one set of gunny bags was kept in a store
screening resistant plants Irorm segregating room (21-441 C) and the other in a cold room
gerniplasn lilies enabled us to purify 40 addi- (18-201,C). In stage 2 of bth experiments, the
ti al germ plasin lines hor resistance. [he large survival of the fungus was tested every month by
aniouit of breeding material screened this year placing the infected stem pieces from each set on
included 41 F, bulks involving resistant and tile surface and 2.5 cm below the surface in the
agrolfii call.v good lines, backcross progenies two soil types in earthen pots. The blight
of riale-sterile and resistant lines, inbred lines, F- susceptible cutivar [ly-3C was swn (2 cm deep) 
progenies, and short-(lur'ttior iiaterial for Ills- in all ireatients every month immediately aftersar. Nine of the I'.progenies of tile cross ('-I I x placing the infected pieces in the pots, Survival 
i('h-6997 \scrc Itiirld tluif'orrilv rcsistant and of the fu'ngus was indicated by the appearance of 
agrononiica ,lv acceptahle. 'ighty-one lines, blight disease on the plants. 
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The results indicated that tile fungus could 
survive in the infected pieces only up to 3months 
(Table I). Normally there is more than a 3-
month gap between tiheharvest of pigeonpea and 
the next season's planting. It is therelore doubt-
ful whether tilesurvival ol the Ilingus oi infected 
stem pieces plays ;in\ role in bringing about 
primary inlection in the field. 

Screening for 	 resistance. We pot-screened 
breeders'linesfor Phvtolhthora(P:isolate)-and 
identified 14 resistant inbred lines of ICV-I , I of' 
ICP-7 120, 5 of IC'-102, and 44 of I('P-7065. Of 

the 138 tPhliotllphhtlra-resistiiit F, progenies 

evaluated in unreplicatcd plots, 8 gave higher 

yields than t ie standard adapted cultir,C-I . 
Ilhese lines wil' be reevaluated in a1replicated 
yield test during the 1981 rainy season. 

'ungicidal control. Metalaxyl (Ridomil), an 
acylalanine compound, has been reported to be 

very effective in controlling diseases caused by 
I'hycomycete fingi, of which I'hloplhthorais a 
member. We therefore initiated studies to 

explore tile possibility of using mnc alaxv to con

trol phvtophtholra blight. Although lolliar sprays 
were efiecti~e, , did not pirsie w\r,) ol tills 

method of application because the pigeonpca 
tarnmer1S usually have limited resources. Instead, 
we concentirated oin secl drtessings with meta
laxyl (5 g kg seed) and obtained excellent con
trol of blight in greenhouse conditions. 
Ilowever, seed dressing did not give sufficient 
protection under conditions where the disease 

developed in tile field. 

Multiple-Disease Resistance 

For yield stability and wide adaptability of'geno
ty'pes it is essential to develop cultivars with 
combined resistance to all tile above three dis
eases. We made 119 crosses exclusively to ineor-

Table t. SurviialIofPhttophthoradrechsvh'ri f.sp. cajani in infected stem pieces stored under different conditions, 

as sho-An i)1 tile on susceptible cuitivlir I1)-3(.appearance of [)lighl 

mi~1wr,I- , I. 	 w \hi.,,ri,.ng _ %;trm'gi~.- j *,.1.1I rmiI 

lil t " 1 	 ( 1ui -I, I .... 	 (21 -I.1 i 1 8-1 

. til . ;I;i.;I :i1 .2 t 0.5is, 	 7 
\ir I, 	 25.11 7.7 5.0 I L.ii 

2.5 cm d v 1' il 2 1 i . ...I 7.1 

2.5 	 iidiep AIfisI 1 7., (S. 26. 9 7.1 
Vcrl i.i 2 .-I 2 1.S 12.1o 

,Silr fii vi, 	 A'IIfi."l f11.1 0.0 1),10 ().n 

2.5 	cm, It-p Aifisd 5.11 .i 1.2 5G.11 

\ , rt i ,1 0.11i 0. 0 0, t 9.1 

Nii I)Iigh I lil'- idli-m i r(;ili ink-llli. lc ii ii1.nN 


ive ,l it) 'v, 'livd stvlIn 1)iivvv'- wi-wr1,iSed flip i-;ilth Irva itll tit . 

.1to 12 

iT ' wol it 
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porate all three disease resistances into go.1 	 
r
agronollic hackgrounds. \We will advance these 

cr ses illour InlultI plc-disease nursery. A back
cross prograll is listillprogress to incorporate 	 . -

sterilit, trosaic resistanrce Mw Ill)N-I, an 
;d; 11t .dClrtiar resistant to %tilt 1'],arl(l ll)/

tIra. Sirrillarly. bIackcrosses kere mlade using 
stcrilit urosaic r'sl .aist ad allced liles frolll tile .. 

cross ('-I I x I( '-6997 and as the recurrent par
ent I(T'-11292, a \+rll-resistant selection Ironl4 
rile standard a(Iaptcdl u~iia (-IlI.
 

Four I. alld I lines honr tircross I('I'-6997 x
 
ICI'-7005, thrce hlorlr the crosI, l'-7035 x IUP'I'
705. adl lue F. 11le 1tro the cross llv-3(' x
 
lCI'-7065, v,lllh \\eLC ;ill orI-alsII\ selctcd J-_
>or 

/hlit phthp,)A leiStrncC, \%Cre Ioruld to po(ssCss 	 , 
Corrrbrrreo re.SIStarrrce 141 A]l rlret diseases rrl tire 
multiple (ra nur11,Csery, lhIrs lineS will he 
+ield-teshrd in rplicated tCst aMrrd resCrCCe l inr .'o tOlI piOiffuily'ra /' 'I) I/ lt) voIll'"I 1 .lduiliai'' 

during> It 6 tl ll wl./k.tile rrltiplu-dise lse nullrser + the ,981 a si /laml IImi'-(i('tbf ill,' 

rlah.le 36In ;IdlitoIMr %%C "srrgle-plait selee
lrion oh lawr irll t slitnu lrcstii;ilce to ll fr exarination. SoIe o) our obseivations are
 
three diseses;1t',. I hocSselectiois \,Ill discussed s\C w~ill publish the detailed
)' t.b\altLattld helow: 

tr \lid loItelltial 
lirusne slit-,mror lte \ 'IC talSO I ahle 2 gi\es a mmalry Ol lthe data fror tie 

it 	 (IMAI !Mo thlei data hlorln these sIr\eys separately. 

scCen tt h CSi to t'Irc Tli,te. 
\ \ilt-tolerint .0 \illI )IIt. I(IT1 -95. srs -or cmenience. \ke classified tile 15 Indian 
ieL',CCeMol 101) 5.elder'T IllI)CIIIIrlsil Indi I hi- state,, cosercd illorrr surrev into tour broad 
tcrr nrtrrrmtlr. 	 /orItI(Fig. I).lIre dalige caised bv pod boir

hhCeiI rtd 	 pt)d Samples Collected by ts (luring lrsurVeys. 

". uihsIrLrLd lires, '%.c Idlll 
irc I ,,, r1tctilrt\Ill di,- the rokst irlportarit tIthese being lh/liod i.sthrn iirrC tIL' TrS, 

I 	' "'i sc mires c,. hif'lllin'ct~.''AStr s Ill 
pli\ y 1, rlit'r blelit igt.pto ciItulic sc ri. pUll.S .1i'/rortr Zrr'N/la. s as most d rl 

r \ Mid i lin l les,, tIiih 	 Orrs rrr tire sourtlr i e. The 
Ce.ni ' 	 lll

picetmriiSirr lines \\itlIe, thmi 5' Ste illt aing illthe late-nCtrrirrg crops. \llicll are 
1i)0,;riL rMid lIIt nnirMC \%C['.' sCelectCd ItMo rrrarrrl glo\lr illthe north /olle. () tile100 or 
lHiihien es tiirtth i d their sield arld diS'asC rlo0e rllor pestS tillsol crop. only the dallage 
I it':, , bY bruclid s and II lrneniptera wasnaused 

sepa rarely assCssed (Iable 2). It is evident that 
Insect Pests hrrclrids car cause srrbstarntial damage to seeds

in pods rrl tie south ,torc, palticularl. ifthe Pods 
e.irvt' s 	 irre not har\ested srior alter ripening. lhey then 

inlfest the StOredlcrop aid ile ctapale ofdestroy'
,Silnce 75 ssc ha\e been srr\eving hlIanels' ig it coirpletelv within 0 montls, unless surta
fliuidIr tie 15 states , hich cover tile Iraitr ble precalrrtirn+ aie taken. lIhe hyrnrenopteran 
pigCMIpeC-1Voir. llg areas ol India. I IresC Silr- pest. I llii)l\l. /uiidC'A sp appearled to caIse little 
\C \s. comiplctel illl91. rae co eleil 1460 lharmu in ields build trp to veryllrrrrers' but cllan 
liells. \We tiried m,l \irIts t) airliler"* ield, So lalliaging OpFpulatitisresearchon stations 
tHIrt %yC COuld c.ollct rnCtll\ iiArIC ))( ples s here selective pesticides are used.,nIIl 




Table 2. Insect pest damage to pigeonpea pods in various 

[ Nriwvd't li', 

29.7 1.1.5 

(1l.11) 

II 	Nw-'h X',i 
Ah,,'i' 23 N 13.2 20.8 
tI[ tli v -mll [i IIi 

itige in pea ) I 359, 


(I I X (mt't, it Irat 

20 -23' N 	 24.3 22.3 
O,"lid- ;'.ndlh,-inaturing 
Iligc'mlpt-n) (1 ,4,16) 

IV S(ItuithZm t' 

Ih'mw 20'N 	 36.4 11.1 
(1,1:trly- mid inid
11ituri g pige il ) 

it 	 No() I' s[i plvl)s ;i1111.\,zvd I'ir post dhlln g t,. 

In the northwestern states of Haryana and 

Punjab there has been a rapid expansion of 

early-maturing pigeonpeas. The crop matures 

just before the winter and escapes much of the 

podfly damage that caused severe damage to the 

late-maturing crops previously grown in these 

states. rhe damage caused by borers to the early-

maturing crops is variable, but of obvious con-

cern. We will monitor the pest problems on the 
early-maturing pigconpea at Hissar InHaryana 

and will work on their management. 

The pod damage due to insects anounts to a 

loss of more than 30 of the crop over much of 

India, and the loss in southern India is nuch 

higher. Besides this, the pests also cause the drop 

of flowers and young pods. We often treble the 

yields at ICRISAT Center byusing pesticide:;on 

pigeonpea. Only 6i of the surveyed farmers' 

crops had been treated with pesticides, and on 

almost all of these the organochlorines D)T 

and or B1lC had been used. 

zones in India, 1975-81. 
Potrct, nt ptid dnial;tgc__ 

0.05 0.()3 14.0 

0.2 0.5 33.8 

2.2 1.6 48.0 

6.7 2.2 49.9 

In the 1980/81 cropping season the lhliothis 

populations, both at ICRISAT Center and 

across most of southern and central India, were 

much lower than in previous years, but another 

borer, Maruca estrulalis, caused extensive dam

age in some paris of central India. 

We take every available opportunity to learn 

more about the pests of pigeonpea in the many 

countries in which it is an important crop, not 
only through tours and visits but also by corres

pondence wvith entomologists in those countries. 

It appears that in most of these countries little 

attention is paid to the insect problems on 

pigeonpea, for the entomologists there mainly 

concentrate on tile cash crops and major cereals. 

Our visits this year to several countries in south

erm and eastern Africa confirmed our earlier 

observations that I!.artnigera is the miiajor pest 

of pigeonpea inthat region but that several other 

pests. including sucking bugs. can also be very 

damaging. Ilhl podfly commonly found on 
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Figure 1. Pigeonpen -growing zonesin India based on pest d a mage assessments, 1975-81. 
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crops in that region was identified as Afelaa-
gromyza chah'osoma, 

Heliothis 

Populations. II. armigera is the most impor-

tant pest of pigeonpea in virtually all countries in 

which this crop is grown, except in the Americas, 

where other species of this gentis are the domni-

iant pests. tholiothis attacks not only pigeonpea 

bit also a wide range of'othercropsand weeds. It 

can be daanging on all the mandate crops of 

ICRISAT. Therefore, to understand and man-

age lhliothis populations we neced to Stutdy' tile 

pest not only on pigconpea but also on its alter-

native hosts throughout the year. This year we 

formulated a new project ill will moni-which we 

tor IIe'lifthi.s populations across host plants and 

areas ol India with tile evcntual objective of 
predicting tile sies and timing of the popula-

tions. Preliminary data were calculated front the 

records compiled by otr pest control surveil-

lance tnit over tile past 2 years (Fig. 2). A sur-

prising lea ture of these data was tile large 

poptlation,S 01 a10 groUnditits early' in tieof1i 

season. Although we found relatively few lrvac 

per groundinut plant, the large numbers of ,lants 

per tinit area resulted in many Ih'liotuhis per tinit 

area. The larvae probably catuse little loss to tile 

groundniiu t crop. for they feed mostly upon tile 

leaves and this hss is rapidly cornpensated by tile 

plants. The nollis restilting from tilelarvae feed-

ing on grour.d riots, sorglitini, and millet in 

August am1d September may then disperse and 

lay eggs upon pigeonpea crops iii October and 

Novenber. HIowever, we also suspect that lioth 

migration may have an effect on the populations 
of Ih'Iiothi.N both at I CR ISA ' Center and across 

India. 
The obvious vulnerabl,.' period for this pest at 

and arotirid ICRISAT Center is during tileend 
of the hot dry season ( May)when very few larvae 

are fourd, particularly on oUr fari where we 

observe a closed season and destm 'i all plants 

that can act as hosts for Iehliuthis during that 

period. Our observations iii tile district stir-

rounding ICRISAT Center indicate that irri-

gated tomatoes act as the major host for 

lIhliothis larvae through this period. Thus, 
intelsive pest control on the tomrJato crop iii 

May-June should greatly reduce infestations on 

the more important crops later in the season, but 

only if diapause or migration are not important 

factors in determining local populations. Our 

preliminary observations indicate that Ih'liothis 

does not survive the dry season as diapause 

(quiescent) ptipae in any measurable numbers. 

To help monitor the poptilations of Iheliothis 

across India, we have placed a series of light 

traps at several locations in cooperation with the 

I('RISAT cropping systems entomologist and 

the cntoniologists ill'arious Indian UJnivcrsitics 

and Institutes. L.ight traps arc, however, expen

sive both in terms of equipment and recording 

tine, and we are nio,' investigating tlie possibil

ity of substituting these with pheromone traps, 

wiici are less expensive, attract only li/this 

nioths, and can be used in locations where there 

is no electric po\er supply. 

IHowever, before we can utilize pheromone 

traps inotir pest monitoring studies, we iust 

standardize their design and correlate their 

catches with both light trap catches and field 

records of Icliothis larvae populations. We 

have this year initiated such an exercise both at 

ICR ISAT Ccnter and at several of the locations 
where Illiothis is being recorded from light 

traps. To be of use inlmonitoring poplations, 

the trap catches must be well correlated with 

field populations. Ip to now\we ha''e not been 

satisfied with the light trap catch data 's field 

poptu lation correlations. The greatest correla

tions (r-0.6) \\ere those associated with counts 

of larvae on crops 2 weeks before tie trap 

catches, and correlations of catches with field 

counts 2 weeks later have been no greater than 

r 0.4. Such data indicate that our light traps are 

of, linited vatile in warning us of impending 

infestations, bit rather better iii telling ts that 
there has been an iniestation. 

We are testing pheromone traps in coopera

tion with the Tropical Products Institute, L.on

don, which supplied ts with rubber septa 

impregnated with synthetic pheronmone. The 

traps that we are currentl y using are modified 

from a design supplied by the Center for Over
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Figure 2. IPopulaiions of lieliothis arnmigera larvae on crops inlthe pesticide -protected area at ICRISAT (;enter. 



seas Pest Research and Imade I'ronm locally now have several selections that have shown 

ohtained cheap material. consistently less pold damage than the conimon 

checks of the same maturity class in each year of 

Ph1i o spacing and Ifltheiu s (hlninge. In pre- lest. Fhe level of' resistance so lar obtained has 

vious years (IC RISAT Annual Report 197X 79, been inadequate, so our hiceders arc now cross

p 103) we found that close spacing of pigeonpea ing our hist sclectitos ini an attempt to increase 

crip tt.nds to give high populhtioms of IhI/i+oi resistance levels. We alsoi made further progress 

larvae per unit area. [his year we tested two in sclecting hront antong the dferivatives of 

inidmattuity cultivars, 1('P-2223-1 (aselection Crosses betwect, Fi..onpea and its wild relative 

low to awith relativly susceptibiitv lI/' lhis ,.llrl .(JxiO*sard,aeoidtA., which is markedly res

attack) and PI"-50-I (aselection with high sus- istant to l'/io lis,. 

ceptilility) at two spacings in trials in pesticide- [his year we screened 4,10 ne, gern:plasni 

free fields on both Allisol and Vertisol areas at accessions, bringing the total screcnted so larto 

I(CRI SA I ('enter. As in previous years, lie nearly X))0. The most promising oII these have 

ithtutiber of unit was been carrieud to replicated testing in thell'hI/ohi%lar\c l'pet area lor\\ard 

glCtal in the close spacing, but lh, 'ear this 19Il season. Our most promising advanced 

dilfrence w,,iasnot rlhciCd In increiased pltYrc- materials werCie sent to 13 cooperators for testing 

tag of loftl damage. Ilie yields from the Close- in 19X0 under the All India Coodinated Pulses 

spaced crop wei miuch g1ratCr than from tile lInprovcment Project (AI(PI II), but data from 

wide-spaced ote, particularly on tileAllisol alrea these tests were incumplete, for linan trials \\'ere 

lable 3). ruined by drought or lhoods. Ile percentages of 

We obtained similar results flr another trial borer (anmge inpods harvested fron our carly

in which two other selection, %e' tested at two ntaluritig selections aic shown in lable 4. 

intrarow spacings. In l'et.ions yeals the close- Ihough it is evident thatil the data \wCrC quite 

spaced crops ,cre tmore heavily dautaged than virible, IPF-45-2 was consistent ly less darn

those at wide spacillgs, but ot this year, proha- aged than the check. I his selection has also been 

hl"vlbecause tile lihi/i populations \vCe less damaged thani the checks ill each ol'the past 

tunusuall\ low. 4 ycars ot test iltIC(RI.SA I (cnter. 

In our midnlaturit\' trials sonle selections. 

Resistance to lleliothi.,. As ,ve previously incltuling I(-2223-I . perfinted we)l over all 

noted inour Annual Report Y79HO,p 109, the hcatins atnd gave good results over several tests 

development of l,/iolhi.-resistantplants is par- and years at I('RISA] ('enter. We filled 

ticularly dilfTicult in pigeonpe~a.Ilowever, we re.lUeSts ft*r our bCst materials [tom several 

have made steady progress in this pr-oiect and cooperators hoth within and outside India. 

"at Ite3. EffecI of pl1nt Spacirg oil insect-cal sed drn age iI d)' eld in two lpigeorlpti ti ars grown on Afisol 
and Vertisol at I('RISAT (enter, 1980/8I. 

t 

l'ir,',i-ni (,n itilUril (k.;tr 1iy wield (J '," 

11'I'2 3 1 7-)sx:i cm '!,1.2 '21.8 1210 t I 
27,5x2ii cm !).I 22A1; 255 !22 

I'I11-50I 1 75qx30t cm 11.3 26t.1 I108 .:3 

:t7.,5x 2( cm 2:1.I0 27.7 256; I08 

http:IC(RI.SA


Biological control. We continued to monitor 
the natural enemies of Iheliothi. in our fields 
with a view to augmenting the biological control 
of this pest either by tl introduction of, exotic 
Inatlilal Clteemies, or Ihroulgh tile elcoulragclent 
of the natulla control b changing cultural 
practicels

[hFe pre\'ious IC R I.lAT Annual Report 

1979 80, p 113-1 )cscribed oill progress and 
suCcSS ill labolaltry rearing of l.i't/-lat'ia sp'a 

tachmid parsite of /h/iothi from the ISA. 
hi,, \t;I \' ccOldtuctled pcliiiiiiiarytrials oi the 

tet lltials olf releasing this parasite in our ficds. 
We couya re1 the pMlarasitesd field emer'lgeCe' Of 
Iroill fll parasitiitd Ih'/1','hiA lirvaetand 
fron palraitc puiparia that wcre obtained froiti 
lIl/ lthi kept in the laboratorv. [he par-lsacI 
a i ClucePCl' waIS \CrV low ftroit lile pa rasit-nc 

i/etl ,/bhtli liIaCrvae place'd in cotiiners in the 

felds. possibly because the tem pera tures were 
too high or- the humidity levels too low. 

Ih'lir/ll.i.v lrvae collected from pigeonpea and 
chickpca crops were exposed to L'elaioria in 
oulr laboratory. Both groulps wcre highly sus
ceptible, with 8Y ' of' fihe larvac from pigeonpea 
and 86('( from chickpea being parasitied. Ilow
ever, in field cages we obtained a very dilTerCnt 
result. We fixed large cages over pigeonpea and 
cliickpca crops iin the field, placed 200 Iheliothis 
larvae on the plants inside each cage, atnd then 
rcleascd 40 l-'tweatoria flies into each cage. 
lhrcc days later we collected all the larvae that 

we could find in each cage and brought them into 
our laboratory for observation. Two such trials 
were conducted atnd the data are reported in 
[able 5. 

Fhe parasitism rate in larvae otl pigeonpea 
was reasonable in both tests, but was very low in 

gt ssessneni in'Iatte 4. Iorer diiaage earl.,-nm turirig pigeonoitW selectins tested it various locations in Inrdia 
during tht Ile180/81 rainyseason. 
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chickpea. It is possible that the parasite, like 
many potential pests, was deterred by tile acid 
exudate on chickpea. 

Podfly 

Populations. The podfly, Vv1(magromhIv 
oltisa, is tile second most damaging pest of* 
pigeonpea in India (see Table 2). Ili 1981 we 
embharked upon a more intensive study of' tfis 
pest and its management. li most areas this pest 
huilds up through the season to become most 
damaging upon the late-maturing cultivars but is 
then reduced to ov' populations by tile hot, dry 
summer season. At ICRISAT ('enter we find 
that tile pest can survicl on pigconpea through
out the year ill irrigated experimental plots, but 
for most of each year there are no pigeonpea 
pods available in ftarmers' fields in most areas. 
We had previously identified some alternative 
hosts of this pest including AItylosia spp, two 
species of Rhivncho.,a, and one of lh hria. 
This year we l'oud that a few more species of. 
RIht'chosia could act is host for this pest: R. 
rothii, R. bracivata, R. ia veohis. anrid I. caa. 
We are now, attempting to quanitify tie popula-

ions of the podliy through the year oii pigeon-
pea and on its alternative hosts at ICRISAT 
('enter. 

Resistance to podfly. Our screening of plants 
for resistance to podfly has given us more con-
sistent progress than the search for resistance to 
lhelioihis. We have now several selections that 
have conrsistently shown less podflydaniage than 
the relevanit check cultivars. Some of these lines 
are now%being utiliied in a breeding program 
designed to intcnlsiffy resistance and to deterriine 
its inheritance, 

Frntorologist ; and biochemists at IC'R ISAT 
and the Max-Planck Institute for liochemistry 
at Munich are a ttempting to determinie tie 
mechianisms responsible for resistance. We ear-
lier showed that when tile young polls of some 
cultivars are washed with water, tihey become 
more susceptible to egg laying by podlly, so we 
have been analyzing the pod wall exudates of our 
susceptible and resistant selections.Thc washed 

r7
 
B 

,,.( , 

lRhyncosi, bracteata lud/ .kuoiing black 4hiveld 
xec kllg,//rl'E/dl i%and otler il lguniescli /tp ant inrI/lnrIlIlrole' inlni;ut'ainoin,', ,v"l~thliu 
cf til amor pestol f/"p o,elarpinrinnul for 

work. 

and unwashed pod wall tissue and washings were 
analyzed for soluble nitrogen, total nitrogen, 
total soluble sugars, and total phenolic 
compounds. 

Total soluble sugars of tender pods were 
found to be iniversely related to thesusceptibility
f tle pigeonpea liies to pIdfly. [his observa

tion indicates that tender pods of less susceptible 
lines may have more soluble sugars. Iri some 
tests, morc phenolic compouids were found in 
the pod washings of less susc'ptible lines than inl 
those of the highly susceptible lines. These obser
rations are based on our past 2 years' data, but 
furt her in-depth study is needed to confirri these 
results. 

Natural control. All stages of the pod fly, with 
the exception of the adult, are concealed within 



tle pod. ,,here tiheyv are p.teetecl f'roli natural 
elielilies arid Imorist pesticides. there are some 
parasites ol this pest. ho\\e Ul. alrid Il(deras Spp
have eIrlier beern tcpoled iII podfly pupae. ()ur
studies of podily pupae crlcte'rlr sverll 
loailiris acloss India ha\ 1nm rleveled two 
Iriore gC'Lena Of parasis,. TIIA ;l11(()rl's a1iETtI-
,'o;l, \We ireC tis', COl.ratirig \\itli riNtinalill 
sciclllists InN ,mrvcV of t lie parasitism oflpodfHy 
itse\'ral loalioris across Indlia. 

Other Pests 

lit'ieeOrpcr plants r.' first tMeveryrrialtv insect 
species., s, erafl of \liclh can ,sitrlc pest statis 
it) pairtrcllrl seasons nid ho;tios. lr"i111 tire 
cll ig ,,taige piLeTMlOr MIides 1'i0d fo0r, p 
illsctl. ,MIch iII turn r cooplex tofaitaosts for al 
ntilal elnlnries,. inclUdillgLlpairaitesi anli pleda-

',l .\\e illllllni ilie lirirlrl t l'.,li dtlhcir lairl-
illcIeIC,, lktl tir (lllJI',,s ill lilIp f thir 
\4n pItits l h 1ill ,rI/lt actpil,.,,uch ii.. m. uit a. s, 

Lirac ()IllIIdIC',. i' irii're thanh sc\\i\_. 


InI,, tinpalaite, tlhatr '\.l tna,,Ict to l'/ihol/liyields and total dry-irlaiter yields were uca

's\\. ifii,I t off lie.Iiiai Mpe 
'.. i\itI rcocdl o tillr' 
Iccolied on Il'lulii 

'it'sofflarOilthat 
riror pests are also 

Nodflre-darragin ft. ()IrtItuies of tile 
rIodlluc-dl gilg l rise ledfH\R1i/,llt 1;1'\Chi 

in a beIttritlndelrstaiding of tie litnning of adlif 

pnitrlatohl,. tlrotigll lecordl of calctels lrrt 


1lil llap,, Ifill \kc lutC dC\hCkl)[f. toillMa\ 

19)81 \Wc pIlced ClgC, McI Iill \\ere
sIN t 
clopped in te pIesll season'. \\ilh pigeorip.ie. 
solghilllr. alt itercrop of thee t'.\fsO clops,. 
WC fouIld that flies CeCIgCd lill tile soil II threIlrlfekedlh 
pCliHd bCt\\CCII lic aid SCptCeriber-. More lies 
errIIrtd rIlli tie still tHatl hluIIdercpped 
\ith pigeollpea (X.-I c ' rtoimtrap \\ek than 
stil ilat had the intcrctp (2.7) or had romrn 
sorghulir (1.2). \We ,uspect tha these pests irc 
cirrieId \t.rillthIe ,oil fr0n1riontr ,Waoi to tire 

rext as diapiliisc pipat,eIlc fe' Ie ,liCsCeigirig 

froin "oil that had Ibeen cloppCd \ill sorgiurr 
11n1a1ViIvC bCe assCiated Miith ii odlestu 
legiirrorrs \\e.eds in ihat crop. 
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Biological Nitrogen Fixation 

Residual Effect of Pigeonpea 

V'erv little uolrruatiln is available ol tIle resid
unl effect of pigcorrpea grown either as sole ofr 
ilt1Crl'*pIon a SubeuSt. ccet.;lcrlip. Aul exper
intent was therefore conducted oi a Vertisol 
held at IWRISAI during tle rainy seasons of 
1979 in(l 1980 to test the response of a riai/c 
Crop whenr grown alter sofe pigcon:pea, sole 
sorghuim lertili/ed wyitl I aid XOkg N, Ia, sorgh
tnipigcorpea intercrop with f and 80 kg Ni hla, 
and l:llhow. Ilefore planting, a basal drcssing of' 
single superphosphate was applied to stpply 40 
kg 1) ) ha. tPigconpea scenls s\erc inoculated 
svitlh h/zo/liun in a peit carrier. ItIthe inter
crop. sorglhi c, ('SI 1-6 (3-I 2 mtrilis dura
tioll) and pigcoripea c\ I('F-I (6 nionthrs 
d(lrllit}) \\.eie sirl illICiIstant arraligellent 
of 2 ros\ss (i f s gliurr I r'.w of' pigeoinrpca ol 
1.5-1r-\ide broiadheds. lire crops were grown 
Unlder rlilflCd conditionls. Al harvest, grain 

srlled. All tIe Ibove-grorlrd plant paris were 
rei(\Cd at the cld of tire seilsoll except flor 
fallen parts of pigerurpea. [he yields were rlo
ral for tie cultivars ill tis cn\irontlcnt. "lhc 
total lard equivalent ratios fitriritercrrpsclearly 
shmosd a yield advantage of 47(' and 37(i ill 
grairr and total top dry-Ilialter yielIs, rcspec
tivcly. o\erCtile sole crops (lable 0). 

I lie total nlitrogen uptake b tire sole crop of 
sorghuii \\as tire same as that by the.siccrop of 
pgycorpea. In the sorghuu pigeonrea inter-
Crop, tile Ilitrnger uptake by sorghtl,,n was Ire 
arlie as illliresole crop of sorglull, but was 

redirced for tire irntercrripped pigconl
peil. I iis reflects tire pioor ability of pigeonpea to 
COllillete \il iriterrnip.su)rghnllll iisaill 


I)irrirng tire 1980 railny sea,,so the maine cv 
)occa llHybrid 101 was planted urniorivlover 

tile experirileital area. lFach of tire former ilir 
treatinerts was split into fivc surbplots rcceiving 
tie following niitl(gcll treatmernts: 0.2(0. 4(, 6(), 
ari( X(0kg N hi. At maturrity, observatiolrs oil
 
i grain arnd total dry-nratter yicld were
finll .viehl 
recorded. I lie effects of previous crops on grain 

http:pigeorip.ie
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yields of mlaize were significantly ifitferent (Fig. In terms of1total dry-matter yields, pigeonpea 
3), with the most beneficial effect coming from a as sole crop also had the maxiunrm heneficial 
previous crop of sole pigeonpca. Maize a'ter a eltect. No significant interaction was noted 
sole crop of* pigeonpea signilicantly ouityjeldcd between the effects of previous crops and the 
ilai/ follolhwing fallow, sole sorghum, and rates of nitrogen applied to nlaci/. The relation
sorglhul pigeopea intercrop with or. without Ships hetween total dry-matter yield of maie 
nitrogen applied to the previous crop. This and rate of, nitrogen applied to the flali/c crop 
superiority was maintained in the treatments lollowing each of" the lrevious crops have been 
With nitrogen applied to the maiie crop, calculated. The relationships were linear and 
although the magnitude off the yield differences provide ;I useful means of estimating nitrogen 
varied. requirements following each crop. The intercept 
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of the nitrogen respolnse line of the Sole pigeonpea 

crop corresponled to 62W) kg ha total dry matter 

lo achieve the salle total dry natter production of 

maize from tie other treatments it was calculated 

that between 38 ild 49 kg N hl woUld llii heIn 

required. It is assulld that soIrgllu \\onld hae 

dcived lost of its itrogenI IqCLtlireitiilts roil soil, 

thereby depleting the oil nitrogen pool, while 

pigeonlpea wOlnld have derived, inl addition, nit-
Rhizou iu n.svin hiosis w ithrogen Irom 

eCCha isi, of1the beinefic ial effectAlthough the 
is not vet clearly undeistood, the cOnSidCrablC 

allonillt of, leaf fall, which has ben reeportcd to 

prmide 30-4() kg N lia.couldtie one of the 

factors cotitributing to the higher residlual effect 

of sole pigeollpea. linterlopped pigeotpila 

coUld lot add as lmluch litrogel because its 

growth was ao eelLys aflected \I'oipletit ill 

fioni the Sorghumi illtileiiltCitOl. 

Rhizobiun Collectionfwith 

I)uring tileyeal wc isollated rhiobia from 

pigeoipeai nodules collected frot pigeotllpea 
fields illtie Indian States of Mahtarashtra and 

'ult nrc collection lt I('RI-

SA I to i total of 510 /iizoiui straiis. Weare
 

n{ow c iceltlllitilig oilrlece-dryillg tileo llec-


tion. Selected strains were suppliel to scientists 

illIndia, UISA, Puerto Rico, (Canadal. South 

Africa, anl Swaillrid. 

wjia rtt, bringing tile 

As illprevious years, we lield-tested Rhluzoiunt 

strains front outr own collect ion and from other 

centers in India w ;ipart of AIClIP. 
At ICRI SAI ('enter no significalit responses 

o inocutlationii were observed, appareitly 

because (if the existing population of rhiobia, 

bitt we are partictIlatly inte rested to knito' 

whether the inocitlant strainus formed nodules. 

With Stich ide ntificatioln we expect to (feteriinine 

whether certain strairis are more cotipetitive 

than oithiers in a raige of sites. 
In order to identify tlese strains, we have ia 

collaborative prograinl with Rothanisted Experi-

tlnent Stalion at FHarpenden, I.K., to reexamine 

the use of inherent antibiotic resistance aisan 

ident ification tool. The promise shown by this 

technique has not vet been fully realiied. Mean

while, facilities for housing rabbits have been 

completed at ICR ISA] ('Ceiter. aliti.sernM pro

ductioln is inI progress, and scologica1l identifica

tion teclllniques are being developed. 

Selection of Pigeoripea foro 

N itrogen Fixatiof 
N io n f ixat i p 


While outr plre'oll testing has clearly Shown 

that line.i differ in 0,Ir ailltitof ldillotl 

and n1itrogell ixaliot, it is equally evident that 

intralinie vailtion Is also high. lhis variation is 

presurably associaited with tle otlerossing that 

is Seel illtlhe species. Lmmipllisis has tIhereore 

been placed oilselectilnl of individual plants 

with slperilolr liodulatig ability, accompanied 

by rptiated self-lertili/ation itopro\vile plants 

consistent perlo i i ance. Oince these are 
he used flor heritabilityavailable they \will the, 

studties and breediiig purposes. 

Physical Environment 

Soil 

'Tolerance to salinity. Screening for salt toler

anci: was contitited both in brick chambers and 

in the field. These techniques have been des
cribed iilearlier reports (ICRISAT Annual 

78, p 105; 1979/0,Rerl+it 1976 77, P 6; 1977 

p I)X).
 

Soil used ill
tile brick chambers was salinized 

with 15 IIeqt salt kg otfsoil with a mixture of 

Na(l, Nai.'S(i, ;inldCaCl : in the proportion 

7:1:2..Ititgedlontliebasisofperceiltsurvival and 

growth, 13 lines were found to be tolerant. 

1wen tly-seve ii advainced breeding lines and 20 

cultivars were planted illinatuirally saline field 

with ia electrical condutet ivity of 2.5 minho/cm 

in tile 0-30 ci an(d 5.5 tlninho cm in tile 30-60 cm 

layer. A tolerant check (C-I I)(and aIsusceptible 
check (IIv-3C) were grown on either side ofeach 

line. Scoring was done o iaI to 5scale relative to 

the tolerant check, and the surviving plants were 



counted. Thirteen advanced breeding lines and 
four cultivars were found to be tolerant. More 
advanced breeding lines are being screened in the 

field. 

Tolerance to Waterlogging 

We continued screening pigeonpea lines for tol
erance to waterlogging, using the techniques 
developed earlier at ICRISAT (Annual Report 
1976/77, p 85). In a test of 83 advanced breeding 
lines, including those resistant to Phy*topltthora, 
each test row was bordered bya susceptible (ly-400_ 
3C) and a tolerant (1I)N-1) check. Nineteen 
lines were found to be more tolerant than BDN-
1. New breeding material is being screened. 

Postrainy Season 
Seeding date and irrigation effects. Postrainy-

season pigeonpeas use moisture stored in the soil 
profile, which is progressively depleted as the 
crop grows. The response of postrainy-season 
pigeonpeas to sowing date (ICRISAT Annual 
Report 1977,78, p 103)and to irrigation (ICRI-
SAT Annual Report 1979/ 80, p 107) hasalready 
been demonstrated. This year we studied the

Sept, 16interaction between sowing date (16 

Oct, 17 Nov) and irrigation frequency in a 
medimni (C-I I) and a late-mattring [N i(W R)
151 cultivar. 

C-IlI , which matures 2 to 3 weeks earlier than 
NP(WR)-15, outyielded it. The yield of both 
cultivars decreased with delayed sowing, as 
reported earlier (ICRISAT Annual Report 
1977 /78, p 103). The response to irrigation also 
decreased with delayed seeding (Fig. 4). The 
nedinm-duration cultivar C-Il consistently 
gave a good response to irrigation; planted in 
September the two treatments with the most 
frequent irrigation outylildcd the control by 
160%. The late cultivar NP(WR)-15 gave no 
significant response to irrigation, except in the 
earliest planting. The maximum yield of 1500 
kgiha, which was obtained by C-Il in this test, 
was comparable to the yield of the main-season 
nonirrigated crop. Further work on water-use 
efficiency of rainy and postrainy pigeonpeas is 
now in progress. 
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0 No irrigntio 
I (ne irriidi on 1i 1-1981
'2 'i".o irrigiil ioii,- 18-12-I1980 
:2 'rTwo irrioions 1(1-2-1981 

1(1(10 - NI (\'1{ I- ' 5 

1(00-) 

8,(-

6o_ 

2()

- Irr'i ntlion 0 1 2 :1 

In-1011,li1 
-t sv ding 15 "kptdlt 

I 

1.I1"

12(r

800

tol

2(1( 4-
Irri goinn 1)1I 2 3 

freiumvnl 
,Sie.diIg 15 s lv 
lhltv 

T Sqlanidtird error 

0 	1 I 2 :3 0 1 I 2 :1 

5 ()(.1 15 Nov 

0 	1 12 : 1 I '2 1 

15 ()(-1 15 Nov 

Figure 4. Response to irrigation of two cultivar, of 
pigeonpea seeded at ICRISAT Center on three dates 
in the 1980 postrainy season. 

Fertilizer and irrigation effects. The lack of 
responsiveness in pigeonpea to soil-applied fer
tilizers could be due to failure of these fertilizers 
to reach the active root zone. This possibility was 
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examined by deep and spot (Conceit'llllatC() picking or ratooning. The deep root system ena

placement of fertiliier at lCIR ISAI (Center inI bles tile plants to exploit moistore stored in tile 
deeper layers of the soil profile. Thus a secondpostrainy-scason pigeopcea. Single siprpl)ios-

phale (40 kg P.,(), ha) was placed alonc and in harvest becomes feasible from the same crop 

combination with urea (20 kg N ha) at depths of duriIing tile late postrainy season when it would 
notherCl'rop with20, 45. and 70 cm both wit and without irriga- norrtall\' bC dilffiCrlt to plant 

tions on at 'ctisol low ill available nitrogen (0(0 ot irtigi!tion. 

ppm). medium inuailablc phosphotus (7 ppm), We investigated the ability of pigeonipea to 

Of 1:2 soil produce a second ha.rvest yield both in Alfisolsaind nllOderatclv salinc ((0.6 trnlro Ctn 
walter extract). and 'ertisols oer the past 5 \'ears. lhw second 

I hC \'iClds ilhout iligaltion werc hig2h (19rrsest we"r consistently hiighrer in Alfis(I )4|) yields 

kg hal and the iespotse to irtigation. though os thItn in\ertisols( [able 7), thitCraigcs bCing 

stmanller oNC and 193 kg Ia, respectisclk. Ih(est icsuiltssignilicanIt, was t lnnuautidc ((7 ' er ,51) 


control), I)Iuitrbl\ t111C tl adcrttrratC 1rrtirrl- ;ire srrItrprsliSng Ill Is tlmuch its IhighrC yiClds weCe
 

ssarer Conditions ill tIre subsoil..pplcaliol tut c\pcctcd on Vertisols thnll i\lhisolsbecause of 

Inia s.ltll single stiperphlusphatc (."5 Ih) stiluri- thC grCater v'tcl-holingcapacitytoftitrrirr. 
latCd strass \iecld Mind incrcr,cd gtarrl hIddM \rt licntl utiiCicrc\ or toxicits studies have 

5.7'. irrspecti e ot irrig rtrotll atid depth ol tll plIo\ dCd ;lirY "lC to this phllt'Ilru 1Cll 1. Ilie 
response to the seCuurl haMr'cst Vields ofplaccement. lIlutvous ri, ro 

SSI arlone. In Contlast to this, ssilh the ,tllnr pigeripeCas ir \'ertisols ame ledtced by soil 

Ieel ofl appli ";lY;I', ch,+kprli slrosed 8'1 cracking sCCring tihe pigeonpea roots is cur

Incre;IeSC Ill gr Iit (l cc ('hickpea sCtioI, Iris rCitly rind l iris estigationi.vi.\ ,CC( 

\lntillill Repott). Ithese IctIlts st.gcst that 

pigCollfpas d CIe orC CllicIcrtll Ill phol' its 

abIso ptio arid Ihl o do n10 resp Ipld to S '. F ood Quality 
[he dC p pliLTtt ll OtUlli Ill Co llblllnl Oll Msit0 C ooi nig Qu ality 
5S1' hiad 01it at rnrarLcllecntct Oll \iCld( 

I lIr ceoCCl sI\arlous kinds of prctreatiniits of 

Second harvest yilds. l'igerrpeas arc irntrnsi- sshole seed ot pigeotpea before subjcting it to 

cally perennial, and pr duce a second fHrsh ot deltilling was exanined. lie cooking time of 

ItLIs ailter tile fist flush is h1iir\CstCd by uord- dhral obtiled frot tllt' pretreatel samples was 

Table 7. tirt and second hirvest iedh (kg/hn) of medilmn-durauion pigemipens on Alfisols and 'erisolsa t 

I'RISAT (enter, 1976-81. 
I,r I h;i rs,. ', it .,'uitl ho,rs,,s s ltl, 

1>, .\ fV,IrI i 

17 1.S t12,1 ;3i8 

177 7 8 I58 t 7W) 711-I ;:3.t 

!78 7, t t 129 t ii7 5:11 152 

1 79. ,si t it1 t 1f)2 25F2 5;!17 
9,0 ISt 759 -57,1 785 81 

.:In t1 1 15'; (i.5! I 19:t1t24 

i t 1( 8 ,S 71 ;17 slil,, n, in .in ;01 i', m'sFm.I tn9';i; 47. n11T, , ifss N(,. mid i,, Pt, wr s '(1'1. 

I N- h't tmm wns I' Im g.1T frst irst mtmhliinimd 1 it 'tI .IIo 
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".j~tI;,c~;. ;'" ' ; i? Ix'g using the standard water pretreatment were 
."".. ;'.r 

-.. 
soaked in 1% solutions of NaCI, Na'CO,,
Na lCO and Nas PiOi (sodium tripolyphos

phate) at room temperature for 8 hours. The 
. . ;- cooking time of these samples was determined. 

The NauCO treatment was the most effective in 
.. k ,--': reducing the cooking time (Table 9). 

s > We also compared the cooking quality of 14 
S pigeonpea cultivars grown during both the rainy 

and postrainy seasons of 1980/81 at ICRISAT 
Center. lhal samples were evaluated for cook

. ", 
* 

ing time, water absorption, percent solids 
dispersed, and texture using the back extrusion 
cell technique in an Instron food testing 
machine. Results showed that cultivars grown 
during the rainy season exhibited better cooking 

" 
quality than those grown in the postrainy sea
son. A comparison of the cooking quality of 

~revealed 

several germplasm accessions belonging to the 
early-, medium-, and late-maturity groups 

no clearcut differences. These are only
preliminary observations and we are continuing 

Iov.x sodirackit I'crti.vll pigeoinin re'dw e ptola oifr work on tie cook ing quality of pigeonpea by 
yields At, que.vti ,IA 'cingin ve uiat'dat I('ISA 7' analyving more ctiltivars. 
(etter. 

Protein Quality 
determined. It was observed that while soaking To cornpare the accuraLy of rapid colorimetric 
the whole seed in water increased the cooking methods for incthionine (McCarthy and Sulli
tinie of dhial, soaking in IV'solution of sodiin van) and cystine (Goa)against results obtained 
carbonati decreased it considerably ( [able 8). In using the amino acid analyzer (lickman 120) we 
another stidy using the same five cultivars, analyzed 65 defatted dhal samples. The amino 
whole untreated seed and dhal ,saoplcsprepared acid contents of these cultivars ranged between 

Tabhle 8. The coking lime (rain) of pigeonpe dhal ohtained by various prt'treatmtls before delulling. 

l* lI I u iui. ii j[r it,.] il - ,i 

( 111 i+ HI,'FN ;WI{'
 
I
('ill.+rN,.n '( % w w 
 1 , v 1 w v)11 Nn ,() 

I;IjN 1'q 
 0( :21i 211 10' [I 2o ,.1 201 1 1; 

N,,. It 8 1 Il 20 I.1 12 
1,t10 1G Is 22; :1()

1,1 31; 1, 18 111it, IS," 2 1I. 12 

\vilr I rt,, llm ,,nI. ; Tlt it l+ vz+ ,li,ld it1;-5 C',,"i(rn-h h ,',r(, ht.,Sm liwu I'm- 8 hir.4lbllu linng. 
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Table 9. Cooking time (if pigeonpea as influenced by soaking in different salt solutions .a 

( '. 

( mlndI4I +l~ 

\ Ih,, ' .+--,l' 

C- I 14t 
Ni,. 1,18 18 -12 
II ; -3 5.1 4:1 
1A0;',-:;; 5 6 ,0 

IIIN-I 26 12 

No. 1,18 21) 12 
1.1;-:(1) .2 15 
I, ;-u,21 1.1 

(i. Swiked,'( inl P':, , dlll ml ;it rn minl tomllpor;Itllrv 

0.70 and 1.58 g, 16 g N for methionine, with a 
mean of 1.05, and between 0.70 and 1.34 g 16 g 

N for cystine, with a tmato10.99 when analvied 
on the amino acid anail\vier. Ihese valties were 
highlv correlated (/' 0.01) with the colorimetric 
procedures (methinine, r 0.934. cystine. 
r 0.853). 'ihis %york hirth r contirmed that 
rethionine ald cvstine are positively correlated 

(r 0.849, P- 0.01) with each other ard that 
screening Ior either of these tMo( amino acids 
should be sufficient for protein quality improve-
ment work in a pigeonpca breeding program. 

In another study two rapid colorimetric 
procedures (Spies and Chambers. anl ('oncol) 

for tlie estimation of tryptolphanu were compar'd 
with tihe prlceidure using alkaline iydrolvsates 
in the amino acid analy,'er. Wu analyed 60 
pigeonipea d hal samples for tryptopha Iby these 

three priicedures. lryptophan conitent (g I6g N) 
as determined by the amino acid analyier varied 
betweern 1.73 and 1.64 with a iiean of 1.15. A 
si milar range was obtained by tile colorimetric 

proceolurcs. A statistical comparison of the 
mcthods rcvea led that the Spies and ('hambers 

method was simple, rapid, and satisfactory for 
the large-scale screening of tryptophan levels in 
dihal samples. 

l ilq[" 11 11c' 1111111). .. . . ..... 

N:W'l N. ,C(), Nn I I C {), N; t'sit 

10 2,1 28 :11) 
17 2.1 26 27 
3s 28 i 31 
3}:8 301 301 ,29 

8 5 G 

8 G 8 7 
I1) 5 G; 5 
I1 5 (G 

h'il 8 fir. 

Antinutritional Factors 

We assayed the deve'oping green sced and 
mature seed samples ot one grain-type (C-I l) 
and eight vegetable-type pigeonpeas for protease 
inhibitors, in vitro protein digestibility, and oli

gosaccharides. Data obtained for the developig 
green seed samples are shown in Table 10. Pro
tein digestibility of some of the vegetable types 
was fotid to b higher than that of C- It. The 
trypsin iihibitor activities (units inhibited per 
ing (f' meal) of vegetable types ranged from 2.32 
to 3.86 and that for chyimotrypsin trom 1.91 to 
3.05. The total solble sugar content of the 
vegetable types varied from 4.70 to 5.54,'i, while 
C-II contained 4.91'j . No largedifterences were 
observed in the concentration of starch content 
of these lines when compared with C-Il . l)cvel
oping green seed samples of the vegetable types 
and of - Il had lower amounts of raffinose and 
stachyose than did samples oif their mature seed. 

We found that another sugar, verbascose, was 
absent indvelopiuiggreiipigeonpeas, altliotighi 

it was present in considerable amoints in mature 
seeds. Our results tiuis indicate that these three 
sugars, which are reported to cause flatulence, 
are low in developing green pigeonpeas. 
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"l'li ll. The levelcs of prolease inhibitors a n(I soluble sugars inI developing green seed samlies of v getable-type 
pigeon pezi s. 

I . 05 5~.32 GO. 1 )Ii11 

,5 2.G7 2 ..s -, .ry5 57.2 9.5 G.2 
!i l.81 2. 65 .1.70 G5.1 9.. 3. 1 

Ill .. 2..40 . .1 " . 1i.l122 229 h12 1.2 
'I'l .1, 2 .;.,2 2. h" 5.5.1 .1.1. 0 G.2 2.5 

II ',212 2.i;7 2.-10 5 ,,10 65.7 7.7 2'A 
It ' ; 17 2.-1; 2.17 5.23 1 .2 5.0)
I ! T035 :1.2:; I .H1 .1.91l 29.0 I.,A 2.5 

C II 2,, 2..)) ,Il) 55.7 1.2 2.0 

+!lil 'It Itlil lil lit I F'till:' t ll i l
 
I,. l'],lr,'-.,., a , 1 'ri-,til db tl,kil ,.- il. i sljlrll. IIIl'l'i Ill- i
1 l, w lit h,-sovd s mln ll s tha tl \ et,IIii i H iiit I9IM .'.. t ii t 8 spmH 

Ta)le If. The distribution of pollpheno lic Compolunds in Ile seed components of piigeconpea cultivars. 

tv ,;,t'le ; 4 I .... P I Nlyp i ll) (1111",g I+lli et 
si';r ,',,,, :,v,' ,is 

II I liarl, r d 15. 2 

rid 15.7 


Iio I It I-(.1 .
 
II5-244 hil. 1:.1) 


We also studied the levels of poly'phenolic 
Compotlnds (loosely termel d tannins) of pigeon-
pea. Ana l'yses of' lour pigeonpea culti vars with 
dilferent seed cit' c'lors showed that the seed 
coat contained tie h1ighlest proportion of poly-
phenols, and the red seed types appeared to have 
high'.r cocetrationtl of polyphenols than tile 
while ones (lahlc II). lowevet, when pigeon
peas ;ire processed into dhal. Illost of the polv-
phenolic compounds are removed with the seed 
coat. l'relininarv rlivitro assavs indicated that 
polyphenolic compo uids If' pigeonpea tldver-
sely affect the activities of digestive en/yies, 
Further studies are required to investigate tle 
role of polyphenolic coipounls in the bioa vail-
ability of' nutrients of pigeonpea seeds. [his 
information is particularly import ant for areas 

it ( llhaial \'Iiih, seedl 

1 (1 AI .1 .9 15.1 
.Il.l.92.3 I .7 1'1.2 
:17.2 I .,1 6.0) 
27,11 I .Ji 3.7 

where the pigeonpea is consumed as whole 
mature seed. 

la nit Inirovement 

Exra-early and Early Pigeonpeas 

With the increasing availability of high-yielding, 
short-season pigeonpea types, new cropping 
patterns are gaining popularity in northwestern 
India. The pigeonpca-wheat rotation is fast 
replacing some of the rainy-season cereal crops, 
such as maize, rice, sorghum, or millet, espe
cially under conditions of limited irrigation. 
Therefore, at our Hissar station development of 
high-yielding, short-duration pigeonpea geno
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types continues, wit I emphasis on (1) increasing 

yield levels by the incorporation of long pods 

containing many seeds into an early-maturity 

background, and (2) developing lines resistant to 
sterility nosaic, pvtophthor:. blight, and w,,ilt 

diseases and with low levels of susceptibili' lo 
pod ho rers. o fulfill some ofheseohject ives we 

made at Ifissar 124 crosses intheI1980and 200in 

the 1981 rainy season, involving diverse 

parentage. 
Several promising lines that matured in less 

tharn 105 days were identified. The high yielding 

lines we identified in 198 1 are earlier than those 

reported in the 1980 test (Table 12). These lines 

can provide more time to farmers to prepare 

their fields for wheat. Most of these lines are 

about 120 to 150 cm tall, which makes them easy 

to manage and spray. 
In a newly developed cropping system in west-

ern Uttar Pradesh and parts of iaryana, short-

duration pigeonpeas are planted in April, 

intercropped with summer mung bean ( V'igna 

nngo). By this practice, farmiers harvest a full 

grain crop of both mtng hean and pigeonpea 

and about double the amount old ried pigeonpea 

stalk with a reduced cost of cultivation corn
pared to growing, the two crops sepaiately. lhe 

perhirmaince of some promising IRIISAT lines 
under this syst em is given in lable 13. 

Late Pigeonpeas 

The breeding program fordeveloping improved, 

late-maturing genotypes adapted to traditional 

production systens is in progress at Gvalior. 

The major breeding objectives are the incorpora

tion of disease resistance, lo%, susceptibility to 

pod borer and podfly, increased pod and seed 

size, profuse secondary and tertiary branching, 

and dwarf stature. To meet these objectives, we 

made 61 crosses during the 1980 rainy season. 

Thirteen late-maturing cultivars and eight 

promising germplasm select ons are being puri

fled and maintained by plan -to-progeny seifing. 

Ilissar (1980 and 1981 rainy seasons).Table 12. Performance of some very early pigeonpea lines at 

()0I '.s~ t n'I 	 lt-nd d (kg, haIq~d t~r '' fhw,,r llillur,'we lhl t' Y(piv 

1 1S.I kASI N 

ItC1'1,-7 57 	 I(11 7.8 2558 
!15 7.4 	 2231H1(' I'1 -21i7 	 58 

21581 1 1,-2(; 8 58 	 Ilt 8.1 
2122111 8.01t111,-287 58 	 10t5 61.2 19171I'ritlihnt (c'licc'i) 	 6;8 

,"l 1 	 1.2 1.0 0.18 98.3 

2.0 4.5 	 1 i.tIV 	 3 .8 

1901 SI,,ASIN 

2 5 1:( , m lll14lll, 56l 	 9 7 8 .8 .I ( Ml Tl- 
5,5 98 7,.6 	 2.150)01,)Tl](lll.ll13-IIIh 


. 	 9Il 7.7 2129
('nili I I Ti-I 7-11Hl 	 5,1 

93 7.3 	 23106(', . I (lT'' 1115 lit 	 5,8 ( 2 :12 Il rnih li iw 'h o c k;) 	 7 41 1 is G .


58, 10ll 7 .() 2 110
: !M,-'7 (ch o c, )Wl'l ,l k~l 

6.1 1.2 	 t08. 1"1K 	 1.7 
'1.5 	 o.9CV (';,) 	 1.9 9 8 
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Table 13. Perfornalce of sorte advanced iilgeotlea lines in April plantings irntercropped with mnunp bean at 
llissar in 1980 rains season. 

01 I'lt,, I ') 100Ill-spod Y h k / a 
lh'd U r, , 1.h,,,x,tI11 l ,,ln w o'lghl (g ) (;I.+Iill Dlrivil stilks 

1981 lAS()N 

('II. 189 
I('1I .,1 

134 
12:1 

19G 
I65 

8.8 
7.0i 

2(92 
2,1t00 

19 184 
14 857 

W'1'1. " 
lW'l' . 1,12 

I:ill 
1,II 

171 
1 7 

7.1G 
8 .2 

20511 
1 9 9!q 

1:1 617 
H, 9 6 41, 

T 21 tthcl 151 192 7.8 1813 12 198 

2.2 1 .9 0.24 913.1 98: 

.82.7I.,1.8 8.2 It 

1981 SEASON 

WN', 87 
I('1, -1118 

75 
117 

202 
196 

10.1 
9.1 

2821 
2761 

11 
II 

853 
721 

W 111, 1.55 
I<'I'1:34 
Tl2 1 wh ock ) 

18 

15 2 

20:1 
18;
1 917 

7.8 
7.9 
7. 6i 

2 hi 
2653 
2,1:1M, 

1 976 
10 98 
H (122 

S.: f 2.: 1.7 0.28 176.1 896.3 

CV:( L3, 2.1) 438.7 1.9 

()n the basis of yield performance, two pure lines multiple disease resistance into good agronomic 
from each of 13 cultivars and ,ernrplasrn selcc- backgrounds.
 
tions wCre identified for fiirt he. testing during 
 At ICRISAT Cetrer, in addition to the 
the 1981 rainy se;ason, attempts to breed specifically for medium

lhe perlor1mance of It) promising 1lle- duration types, the potential of various breeding
niattritv lines is presented in Table 14. Two of procedures is also being assessed.
 
thrse, I ('1-310 and I('lIl-311, were entered in
 
the A(C -3 of the ARlTIll during tile 1981 rainy Line Development
 
se SCI) 

We continued to purify and maintain popular
Medium-Malurity Pigeonpeas Pigeonpea cultivars. Some of the purified lines 

gave higher yields than their respective ope.n-
Ilie development of locally adapted, medium- pollinated cultivars and their yield potential will 
maturity pigeoripeas with high yield, disease res- be further assessed instation trials and multilo
istarncc, low pod borer susceptibility, acceptable cation tests. One promising pure line of ST-I 
grain qua lity, arid suite(] to intercropping has (I ('lI-234) was submitted for testing in the 
been the ma1jor objective of' our breeding pro- AC]"-2 in 1981. 
grain at ICRISAl ('enter. Several advariced, medliu m-duration lines 

In all, 423 crosses were made during the 1980 derived from single, triple, and double crosses 
rainy season to pursue the above objectives, outyielded the standard check, C-Il , at ICRI-
Major emphasis was on the incorporation of SAT ('enter. These lines will be further evalu
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Table 14. Perfoirmance of some promising late-maturity pigeonpea lines at Gwalior during the 1980 rainy season.
 

Iin 


'T'v t 17 

,175.1-- ; 1-(;1 
717G-5-( II -I I - I 1 
.17.15.-- I(I; -I (;ti 
W 1 1 i I" 

I -14; 11(;.121;-!'-(; 

•177!)-7,5" - 10--(;II B 

i*-(II
17,I5;-3-(M -(;I 

:alir
2 (1-hck) 


SF: 

('V (%: 

Test 18
 

1ll') .,-t11I 
7.12i;W -\\ :-l-( (i;)-;1 
7.11.I28-k%W -2-(; 2-( ;11-(;I 
(;wilir-3 dlh'(k 

F: f 

(,V (%) 


(j.!, or(d in the AC'l'-: during 

Iysi) hlys to I ('f-Sved Y ild 
Flowyevr ini (urv we(ight (g)(k / ) 

141 2613 9.3 2105 
141 258 9.3 21 1)
 
142 258 1.3 1957
 
144, 256 ). I 105 
1,12 256 10.5 18(6 
1,17 263 11.8 1833 
144, 262 9.3 1804 
141 25) 8.0 1781 

2.5 2.6 0.66 309.1 

3.5 2.0 13.6 41.1 

1'10 252 1.5 2158 
154 254 8.'A 1152 
140 256 10.3 1952 
152 252 7.8 682 

13.2 3.6 0.51 3331.0 

14.7 2.'A 9.1 50.7 

Ith 19s81 rjity sIeasI, i. 

ated. Thirty-six of the most promising lines will 

be multiplied for multilocation testing. 

Population Development 

We advance a large nninbcr of'populations every 

year by growing4000 to5000 phnts of each cross 

and harvesting a single pod from each plant. 

This enables us to handle a large number of 

hybrid populations. which is necessary because 

of onur broad-based breeding objectives and the 

limited information that we have on the parents. 

In 1980 we had 47 t:,. 181 It,139 F', and 33 F,, 

populations of crosses involving parents from all 

three maturity groups. The performance ofunse-

iected bulk populations advanced by this single-

pod descent nethod is being assessed in1981 in 

multilocation tests. 
)uring 1980 we again supplied two unselected 

bulk population tests to various cooperators in 
dia. The med ini-maturity bulk populations 

I was conducted at Akola, Gulbarga, Bad

napur, Kanpur. Sardar Krishinagar, aid at 

ICRISAT Center, ;:nd the late-nmturity hulk 

populations lest was conducted at Varanasi. 

Berhainpur, I)holi, and (walior. Three ol'the 19 

ieditnI-miatriytv populations (BI)N-I x 1258, 

BDN-I x ICI'-102, and C-II x 7186) along with 

the check C-II were consistentlv aniong the top 

yiclders at each location. 
We planted the Fi populition of the cross 

BDN-I x 7977, advanced by single-pod descent, 
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in our multiple-disease nursery at ICRISAT source. In our fourth hybrid yield test involving
('enter and isolated 50 plants showing resistance 10 male parents, each crossed with MS-3A and 
to all three major diseases. The progenies of MS.4A, the top hybrid MS-3A x ICI.-227 
these plants will be screened again and Ihose yielded 1822 kg/ ha at ICR ISAT Center in 1980,
showing resistance will be evaluated for their an increase of 33' over the yield of the best
yield potential. adapted cultivar (C-I I). We will produce seed

I )evelopment of composite populations using for this hybrid in sufficient quantities in isolation
nia I sterility and dual population breeding for iultilocation testing by AICPIP. Tle yield
schctnes is nler way. We advanced these popu- perfornmaice of our hybrids in the 1980 All India 
lations by open pollination for three genera- Coordinated Trials was impressive (see below 
tions. We have now drawn random individual All India Coordinated Trials section).

plants from each population and are evaluating 
 One of our first early-maturing hybrids
their progenies in 1981. yielded 3900 kg/ha at our Ifissar station in the 

1981 rainy season (Table 15). This yield was 33% 
llybrids higher than that of' the adapted check 1-21. Inaddition the hybrid matured 10(daysearlier. The 
New hybrids. ()ir pigeonpea breeding work at hybrid was one of four produced from two early-
I(RISAI ('etier and ii cooperation wilh the ilalilni'g cultivars in our male-sterility conver-
I Jniversity of (Q)ie-l. and, at Brisbane, Austra- sion program (see below). 
1ha, has enahled us to idenlify severil sources of 
genetic male sterilitv is well as Cytoplasmic- Seed production. The hybrid seed production
iu4nIetic i IC Stlerility he mli thriist in our systel involving 6 feiale rows of MS-3A to I
hyhrid program has been based on the genetic Pollinator row of AS-7 1-37 gave iusan excellent 
male sterilles, NiS-3A ind I IS-4A, whn cli have set o1 hybrid seed ol aI lrge pr(iluction plot.
gi\en exce llent seed set \belhn exposed to a pollen 1his v'ear we obtained 1101) kg ha (if hybrid seed 

Fial 15. IPe rfirin oif,someishirl-(huraiion lilgeon ,iieahy)bridsI !K8l'I
itIII issir duhring thn rainy sceasoni. 

I ,' I.' i 
I)n.iys I,' I l -sigll Y iIhl
i ml a,un-i ei Igt (g)kg/l lii
'''i 1 


2 ;\A \ tI l l , I I 7 0 I 15. .I9 :I7 l 
Il,T 21 S .I. I1.2 fIft 21 127.!l :15,18


Ill.
I 'i I I WI1 , 8 1 140 ~l 1I .1,1 128 '21;ill;
-4.G 2!!11; 

I ' 1'.1 7.5 t 20 7.,I 1895
I; l i I.. : 1 1t '1tAi 1 19 7.3 228G

H'1f1.1 70 1f17 G.5 1801
T 21 1ihli
k(5 I15 7.0 2929
'I ' i l 'I ,hi80 12:1 7.3: 222,1 

71: 
 fI) 1 I I 2 102 2 

' " 
 II :1 1.7 5.3 7.8 

it, 1nmi %-;i, wlllr.p'i 
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in two pickings using this system at ICRISAT 

Center. 

Male-sterile conversion. In our male-sterile 
conversion program we completed the Iifth 

backcross this year on ICP-I,-6978, -7035, Pra-

bhat, and "-21. The new male-sterile lines in 

these diverse backgrounds enhance the chances 

of identifying outstanding hybrids suited to 

different agroecological situations. In addition, 

some of these new male-sterile lines are known t:i 

carry disease resistance. We will use the new 

male-sterile lines to produce the large numberof 

combinations that are essential for identifying 

outstanding hybrids, 

onCytoplasmic-genetic male-sterile. Studies 

cytoplasmic-genetic male sterility revealed that 

in addition to C-I 1.At i/osia scarahaeoid'salso 

restores fertility. Unfortunately, this male steril-

itv is associated with varying degrees of female 

sterility, which in turn results in poor pod setting 

on the male-sterile plants. Crosses have been 

made to transfer tle sterile cytoplasm into differ

enit nuclear backgrounds with the hope of'recov-
ering male-sterile genotypes with good pod 

setting. 

Response to spacings. Insouthern and parts of 

\%cstern India, outr medium-naturity hybrids 

were top vielders (Table 16). Hlowever, tie 

advantage of the hybrids over the most adapted 

cultivar is yet to be coril usively (eni onst rated at 

ICRISAT Center. It is possible that the li ids 

may have a specific spacing requirement to real-

i/c their full genetic potential at ICRISAT 

Center. 
lu test this hypothesis tie hybrid ICPII-5 

(MS-3A x C-I I) a tid its pa rents were grown at 

Mo rMw spacings and, within each row, four 

plant spacings both in an Alfisol and a Vertisol 

(Table 17). 
The hybrid showed hieterosis but it was not 

stifficient toimake the hybrid's yield significantly 
higher than that of the adapted parent C-II 

(Table 17). There was no significant interaction 

between spacings and entrics.These results show 

that at ICR ISAT Center the yield potential of 

this hybrid was not masked at any specific plant 

spacing in 1980. 

Intergeneric Hybridization 

This year at ICRISAT Center we successfully 

crossed Atrhlsia grandif'Olia, a hardy and fire

tolerant Australian species, with two pigeonpea 

cultivars, Pant A-2 and C-Il. 
I)ifferent levels of Atylosia germplasm were 

obtained in five pigeonpea cultivars by 04 back

crosses to the cultivars. F,bulks derived from 

selfed Fi plants are being tested in 1981 along 

with the recurrent pig-o.pea parents to deter

mine the level of backcrossing required to gener

ate transgressive segregants. 
We identified a new translucent-anthered, 

male-sterile line among the BCI I progenies of 

the cross (ICP-69 15 x A..warahaeoih's) x ICP

6915. In addition to sibbing, we have crossed 

these male-sterile plants with MS-3A, MS-4A, 

and two normal pigeonpea cultivars to study tile 

nature of male sterility. 

Natural Outcrossing 

At ICRISAT Center, our attempts to estimate 

the extent of natural outcrossing continued. We 

observed 26% outcrossing in contiguous pigeon

pea blocks sprayed with insecticide- in sprayed 

and unsprayed isolation blocks the outcrossing 

was 22 and 33%, respectively. These results indi

cate that the percentage of outcrossing inthis 

crop varies with location and amount of pesti

cide application. 
Isolation distances required for the mainte

nancec of genetic purity of pigeonpea varieties 

vary from location to location, depending on the 

extent of outcrossing that occurs ina particular 

location. During the 1980 rainy season we con

ducted a study at ICRISAT Center todeterrine 

the isolation requirements for maintaining 
genetic purity. Using green and purple stem 

color marker stocks, average outcrossing per

ccntage oIn the green stem plants was estimated 

at 3i at a distance of 100 n from the dominant 
purple stem plants block an ave rage of 15, 7, 

and 4"'i outcrossing was observed at distances of 



Table 16. Yield performance (kg/ha) of ICRISAT entries%is-a-%is standard checks in ACT-2 north plains east and peninsular zones of India (1980 rainy 
season). 
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hi r :i .Jalna 

[('RISAT 
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Rajen-
dr.!tagar Ila ithan 

Ove raI 
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(7 common 
locations) 

N. 
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1tIf 10 17 17 16 16 12 16 1- 15 12 25 

N,. 148 
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N . 

NR 

NiH 
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(11)' 
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730 
t-) 
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(7) 
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5) 
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(I) 
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(2) 
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(12) 

1010 
(5) 

NR 
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(6) 
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(1) 
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649 

ICRISAT ENTRIES 
IC Pli-2 

IC P11-5 

lCPL-42 

TFop of 
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1370 

Il) 
1190 

(2) 
780 

(4) 

1370 

300 
(1) 

230 

(2) 
130 

(5) 

300 

1:330 
(4) 

1270 

(5) 
1190 

(10) 

1560 

770 
(6) 

670 
(11) 
730 

(7) 

990 

73(0 
(2) 

730 

(2) 
440 

(6) 

820 

160 
(,4) 

130 
(11) 
90 

(13) 

46C 

570 
0 ) 

250 
7) 

180 
(10) 

570 

59(0 
45 

690 
(1 

550 
(6) 

690 

890 
(1 
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(3) 
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(10) 

890 

1140 
(10) 

1:310 
(5) 

1210 
(8) 

1430 

1190 
0) 

710 
(8) 

940 
(7) 

1190 

710 
(7) 

NR 

700 
(9) 

840 

801 

807 

680 

977 

Mean 
(loca
tion) 607 142 1144 709 437 229 288 518 706 1211 876 653 749 

SE + 76.2 10 2 160.2 41.0 83.0 63 0 13 2 103.2 40.5 75.8 55.1 66.8 

CV(%) 25.1 14.3 28.0 11.7 40.0 55.0 9.2 39.9 11.5 12.5 10.9 20.5 

a. 
h. 

NHI Not 
Figures 

reported. 
in parentheses are yield ranks. 
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Table 17. Effect of spacing on the yielh (kg/ha) of pigeonpea hybrid MS-3A x C'- I and ii. parents grown on a 
Vertisol and an Alfisol at ICRISAT (*enter, rainy season 

V(-rf is(It 
Sp;~at.illgs 11 l-lA C -(-I, I 

75x15 cm 1-137 7116 1.111 

75x11 cm 1363 l01ll 15,18 

75x1;0 vim 1518 10,10 12115 

75x (211 ci 1:1339 082 1263 

15 Ox7.5 cm , 11 108I 1315 
15x 15I cm 1508 980 11913 

151x;10 cm 1,186 11O ;1:189 

15(x(;O c'm 1.17!1 96; 1290; 


S. 1 120.,4 

oa. 1,13! 935 (:128 

SI,: ! '12.5 

'V (:) 16.9 

0, 20,and 50 in from the dominant marker block, 
respectively. We are repeating this experiment in 
the 1981 rainy season. 

Identification and incorporation of mocha-
nisrns that ensure complete self-pollination in 
pigeonpeas would greatly reduce the labor and 
material costs involved in artificial selfing. The 
"free stamen" flower modification that we des
cribed in last year's annual report (p 102) has 
been observed to ensure complete self
fertili, ation for five seasons. This character is 
being transferred to the popular pigeonpea cul-
tivars C-I I and BDN-I. 

New Plant Types 

The extension of pigeonpea to new systems of 
production inight be possible through tile devel-
opnient of new plant types. l)warf plants have 
several ad'antages, including easier application 
of insecticides, better partitioning of photosyn-
thate to pods, ani suitability for mechanical 
harvest. We are attenipting to combine high 
yield and dwarf stature in tile various maturity 

1981). 

A II'isol 
Mall (-1 I S-3, NS-31xl -II Mvuln 

1198 1 ( 11137 1214 1137 
1317 1 179 996 1329 I 1(8 
125.1 II1 1 112(0 1:511 1294 
(195 12:11 7.13 871 9,18 

1268 1171 1()l:3 1,18 1077 
1227 1(0(1,4 1081 1 1601 1082 
121l 109: 1 880; 1133 11:17 
12.17 8:17 887 1211 978 

111 7 

1(2:1 97(0 1177 

73.7 319.5 (8.4 

17.7 

groups. Twenty-three semidwarf progenies 
derived from crosses between the D., dwarf and 
normal types were tested in a replicated yield 
trial. We found 13 progenies that yielded better 
than the standard adapted cultivar C-Il and will 
reevaluate them to confirm their superiority. 

Cooperative Activities 

International Trials 

l)uring 1980/81, we sent an early-maturity 
pigeonpea international trial with 28 elite ICR I-

SAT lines to 10 locations in eight countries and a 
mediunm-maturity pigeonpea international trial 
with 14 elite lines, including one hybrid, to 10 
locations in 10 countries. We continued testing 
our most promising vegetable-type advanced 
lines in two international tri ,s (Vegetable-type 
fligeonpea International Trials): VPPIT-I (early 
maturity) at five locations and VPIT-2 
(medioni maturity) at seven locations in five 
countries other than India. 
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All India Coordinated Trials 
0 

Our excellent cooperation with the All India 
Coordinated Pulses Improvement Project con
tinued. Several I.R ISAT lines and hybrids were 
tested in extra-early (FACT). early- (ACT-I), 

nlld elledium- (ACT-2) duration Arhar Coordi-
liatetd Trials. 

0 , . 

x 0 

T 

Five ICRISAI liles were entered in the - " 
.1 

" 
N 'N 

" 
N -

F'ACI" during the 1980 rainy season and the -
perlormincc of three promising lines in tie trials - - -

(onhdicted in tile area defined by the AICIlP as -
the north plains west ione is given in ll 1.18 - - - -

()n the basis of the ional average, lClI.-I and . 
IC'l1-Xl otitviclled both the standard adapted . . 7.. 
cultivurs. lrhhat and UPAS-120. whilethe cer- - -

fornunce of' lIl.-87 at certain locatiols was 
excellent. l('I.-l I(APl.-8I and -87, and ICPI.
151 and -179 have been submitted for the 3rd, Z
2nd. and Ist r'car of' testing, respectirely, in the -

I"ACI during 1981. With the third successful -
SCir ol lestin, I(Il-I could enter the minikit -
mial (prerclease on-firm trial) in 1982. M- - -

0f the thlcc IWRISAI lines in AC1I-I, ('lI.- _ J I V T 

0 pcrlfoned well for the 2nid ear: it rankcd first 
in the north plains \%set /one wkith a /onal aver
age yield of 1839 kg ha during 1980 (lable 19). 
1('1'1-95 did \\Lll in the peninsular /one. I'F -6 
is heing relested tot the 3rd 'ear. along with two 
other piotnising ne\ lines, I(I.-150 and -189. 
during the 1981 rainv season. I(il.-6 will be a -7, 
prohable canlidate fort;iikit trials in 1982. 

In AC 1-2. three IRISAI lines. 1('1 -42, 
-192. and -227. and two hybrids. l(I1-2 nd -5 i 

\\cec Ic,,tcd during 1980. 1In the north plains east . - " . -

and peninstlalr /olts ot India. the pefotia1eellice 
of the IWR ISA I lib'uids \\s outstanding. -
I('1P11-2 tinked 1st at fi\c locatiOtis id 21d at i _ 
onie, i 1('1I 11-5 tanked It at one location and ?- :A-, 7 
21d at 3 out (i 12 locations (lable 16) ()n the E 
biais of the /onlil tsragc they both out\icldeld .' 
the U1MdaI d checks. No. 148 and C-Il. )ne tn\nk 
hy1rid, 1C+111-6. ;ml two lie\\ lines. I(1-234 
tid -270. aluing \ith three old Ltntrics ha\c been - l 

entered in the 1981 A(' f-2. I(1 11-2 it d ICi1)1.-- " , , 
412 arelpossiblc entries lot the 
1982. 

minikit trials in 
. . . 
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I('AR-ICRISAT Disease Nurseries 

A cooperirtixe Indian ('ouncil of Agricultural 
Research (I'A R) and IC'R ISAI Jniform "Trial I 
tol IiPetorpei Wilt Resistance \as initiated in 
1980(1. I he tnirl consislcd of 20 entries, of \%hich 
16 %%crccontribtetd by I(C'R ISA I. I \o entries 
cni l)ibtlctL h\ I('R ISAI. IC'li-I(1958 and 

11299. \%cre (minld promising at all nine 
loications '\nnigcni, I atniiptir. 1Herliipire. 
I 1t)hli, I,\ RI (No\ I)elhi ). IR'RISAI ('enter 
Iw,() locations), .libailprir. aid Riinchi and two 
aidlitiminal entries. IC'1)-7 I82 a id -8863, did \\ell 
across Ciehr luocations. A I('II hias recoin-
mended I('1-8863 fll use b, breeders. as this 
line hald ls() been tested arid found go(d in 

pre\aiii1s \ Ctls. 
Si ihmi Iiln. colperatisc IC'AR and IC'R ISAI 

I nifiirn Ilill fo IPigeonpea Sterility MNsaic 
Resistance x\kis initiaitcd in 198(1. [lie irial, Con-
sisting of 20 entries, of which 10(\ere contrib-
ited 1v I('RISA I. \%as gr(own at six locations 

(Badnapur, Bangalore, l)holi, ICRISAT Cen
ter, Pantnaga r, and Vamnban). lines that were 
found resistant at ICRISAT ('enter held their 
resistance at Hadnapur and Pantnagar. Some of 
themn were susceptible at l)holi, Bangalore, and 
\"amban. IClI-8854 held it; resistance at all Ioca
tions except at Bangalore, and Al 'I)II recom
mended it I'or use hv breeders. Possibly there are 
different strains of the virus or its vector that 
cause variation in the performance of* lines at 
different locations. 

University of Queensland 
Our work at tie Uiniversity of Queensland dur
ing the yearcontinued to be funded by ICRISAT 
"anda Comnmonwea lth Special Research Grant 

from the Australian Government. A pigeonpea 
breeder Iron ICR ISAT continued his assign-
Ilent there, returning to ICRISAT Center in 
October 1981. 

Seasonal co nd(it ions in sotIhiea stern Quteenris
land were unfav'orably wet immediately prior to 

harvest of many of tile early-rnattiring lines. 
Seed damage occurred on these lines, so ratoon 
crops were taken to ensure conitintuity of germ
plasm. lii general, however, crop growth was 
excellent. 

nheritmce of photoperiod-insensitivit,. The 
studies initiated by us in 1979 were exterided by 
growing selected lines derived in the F, in natural 
and 16-hr photoperiods in the field. We are still 
analyzing the data. P'reliminary indications are 
thlt threemajorgenesare involved in theexpres
sion of photoperiod-iiseisiti\'ity. These genes 
aict in a hierarchial order. Single plants from the 
FI progeny rows have been selected in an attempt 
to isolate pure breeding lines containing the indi
\idlial photoperiod-scnsitive genres or the genes 
ii specific combinations. Further evaluation of 
this material is planned in 1982. 

I)irtllel mnalyses. The data derived from diallel 
iallting designs (both I'rom the University of 

(Queensland ard ICRISA]) were analyied and 
are being interpreted. Ilybridi/ations fora new, 
six-parent diallel are alriiost complete aid we 
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hope to be able to grow both the F, and F, 

generations at the University of Queensland at 

two sowing dates and two plant populations in 

order to assess the importance of method of 

evaluation on the genetic parameters estimated. 

Yield tests. We recorded promising results this 

year in a range of yield tests conducted at Red-

land Bay and elsewhere in Queensland (Table 

201. The data indicate that with the appropriate 
agronomic management (particularly plant pop-

ulation and insect control) high yields are possi-
ble in early-maturing pigeonpeas. 

Fast-ratooning lines. Four sister lines were 

identified in 1980 from anlICRISAT introduc-
tion ( lrabhat x Baigani). Ilhese lines produce a 

new canopy below pod level prior to seed mattr-

it,of the main crop. When compared to a!similar 

maturing check these lines were no different in 

main crop maturity. but after the main crop was 

harvested the ratoon crop matured 3 weeks car-

lier than the checks. It is postulated that the 

earlier formed canopy on these fast-ratooning 
lines enabled an immediate supply of photosyn-
thate to be available when they were ratooned 

and thus allowed them to regrow more quickly, 

These studies will be continued in 1982 with 

detailed growth analysis of this character. 

Ilybrids between the fast-ratooning lines and 

elite material of the same maturity have been 

developed to study the inheritance of this 

character. 

Halo blight disease. We recorded al IcafdiseasC 
caused by I'Svcdommna. pha.u'olicola at Red

land Bay in 198 1.It appeared to have been trans
ferred from leguminous weed species during a 

period of unseasonably heavy rainfall in April. 

Affected leaves developed halo spots (cle to 

toxin production by the bacteria. The disease is 
known to be seedborne in I'hamthils vulari., 

and care is being exercised to harvest noncon
taminated material. 
This disease is not expected to be of impor

tance it the grain-producing areas away from 

tile 11timid coastal strip. 

Prerelease of lines. 'Ihrec lilnes were chosen for 

final prerelease testing in 1982. I'hese lines have 
bc.n tested over a number of locations and sel-

Sois and are all plotoperiod-inscnsitiC.deter

minatc, and carlv fl'owering (60f days). Seed 
\eights range from 7 to 12 g 100 seeds. We 

anticipate that onC of tliese lines will be released 

after final testing. Iwo of tilelines arc introduc

tions from ICR ISA Iand the third, a selection 
made at the IUniversity of Queensland. 

Table 20. Performance of some advanced pigeonpea breeding lines in a replicated test Itt Redland Bay, Queens

land, Australia. 
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Distribution of Breeders' Material 

In addition to our entrics in the All India Trials, 

we supplied 1288 pigeolnpea samples to various 
hiceders on request: 28 scientists in 25 coutntries 
(other Ihan India) received 0i0LSamples. In 
India,, 678 .wiInilels ',ete ,ttplicd to 41 scientists 
at 34 locatiotts. Ilhe mate'rials despatched 
included E"s. I"s, segregating progenies. 
advanced lines, discase-rCsistant lines, ntatl-
sterile stocks. and ne%%plat types. 

Looking Ahead 
\\'iti tle aalahilit of a large ntnmher of 
adattlccd lines and populatiotns of early-, 

cdi unl and late-tuaturit. We will itttensify 
tlt i.ocatiotl testing itt India and other 

ptge pea -gross ing coutttrtcs. Iti the hyhrid pro-
gram. the nwc\ male-stcrile lites \\, ill he tilimed to 
plt odtie a at,.e nttth.t of hvrid cotnthinations 
ill order t idCntil hvhtid,, ttttlhle lot differett 
atitIoLO i,.a +ittlation'. ('otttiltued ctiphisis 

ill he placed l tt tll ,n l (t, t ll ifilc-disiase 
vC'I,,tllt.' iit1o good iW to11tel C ,. W s,ill 
Aso e,,plIOc dc\'le[tlCtlIt of tICVspiltnt t.\ Il aid 

'it ttihit v il Ite\\ pitidtctitt ',vstets. W iththe 
ttOIpClOllf Li,t 

\Si iHIs -lent't'i n, Ofp 
tI ltolctancc too ,ilit 

Idtnt i Litlott of cliciett 
\iIll con ti t, 

Publications 
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GROUNDNUT
 

Groundinut is an important food and cash crop nia archiis.Virus diseases are also important, 
inthe semi-arid tropics (SAT),hut its average some being of widespread occurrence (e.g., pea
yield of around 800 kg! ha is low in comparison nut mottle virus disease), while others, such as 
with the 3000 kg, ha or higher obtained in devc- grotndnut rosette, are of restricted distribution. 
loped countries. Ilhe lo\ yields are largelydIe to llw problemiof food contamination by myco
disease and pest attacks ald drought stress. toxins is receiving much attention worldwide, 

In the (roundimt Improvement l'rogrlm .c and the particular problem of aflatoxin contami
have been working on disease and pest prob- nation ol'groundluts is receiving high priority in 
emtus, as well as ol problems of nitrogen fixation most groundnut-growing countries. 
and yield potential, for the past 5 years, but 
significant research on drought and other physi- Foliar Fungal Diseases 
ological stresses hia.i become possible only in the 

past \ear with lhe establishment of'oir Physiol- Screening for resistance. In tlie 1980 a rid 1981 
ogy Subprogram. )r manragement strategy rainy seasons we contintied field screening of 
rera iris iiurchanged: to tiili e tlie genetic diver- selected resistant lines and new accessions for 
sit x in groturidnut and its wild relativesand breed resistance to rust and late leaf spot diseases. 
into the crop stable resistance or tolerance to the Three new sources of resistance were identified: 
maj or yield red ucers. I J4-47-7 (M 3)and I4-47-7 (I .) for resista nce to 

rust and IJSA4-3 to late leaf spot. IJ447-7 (MB) 
Diseases and 1J4-47-7 (1.11) were also resistant to coloniza

tion of dried seeds by A.wswrgillus./lavus. 
Fungi cause serious diseases of gro undinut in the All germ plasm lines that have been found re-
SAT, the most important being the leaf spots sistant at ICRISAT Center to rust and to late 
caused by ( erco.Vmra arachiidcola and Cercovs- leaf spot are listed in Tables I and 2, respectively. 
mlmidirinr lursonattnr, and rust caused by I'ucri- Cultivars resistant to both pathogens are listed 

Table I. Rust reactions of sorne groundnut cultivars in field screening trials at ICRISAT ('enter, 1930 and 1981 
rainy seasons. 

CuIIi v ir Mean rust s(,or(,.' 

N 'Ao.170901. 1't :1t1879. 1139059:, I 39361.;, 1'140151:12, 1' ,1(7,154,
t'l.1I,lx; ,
I 

E 7G-.I146 11 111 ,l 111 ;381622,
(2912), 2597,17. :MOGItf111:11,1817, ;31560,. P'I 

3 91i3527-Bt Itt 0364G. 1tI.114,112. [1-17-7 (NM , V-.1-,177 (1,10 3.0
 
N A 17 129, N(- A 17 1: 12, N I Ac 17 1:t: RF, 11 21561M t 'I 390595,
 
Il393517, t1 ;19 :353 :3.5
 

N C Ac 927. 1'l2981 15. 111 393:51,; 4.0
 
N(" A . 171:0, NC A,- 171: 5,NC A ' 1712.1 11 39:1526, 11 3':19:6;11 41.5
 
NII A .17127 5.0
 
TNV 21) R') hur13i1 .t I33 9. 0 

,t.Sc.,r d o n119 I diselse awid 9) 5) to 10 % foliage dostryed.i in disvist, sculi; j 
b. Sia ai rd sosceitihli cullivars. 
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Table 2. Late leaf spot reactions of some groundnut cultivars in field screening trials at ICRISAT Center, 1980 and 
1981 rainy seasons. 

a
Men lute leaf spot secoresCultivars 

IC 76446 (292), 1'I 259747, 11 350680, P1 215690, 111 341879, 

111 381622, 111 4051:12, USA 6:2 3.0 

NC Ac 17133 I{1I", NC Ac 17506 3.5 

NC Ac 171:12, NC Ac 171135, NC Ac 15989, NC Ac 927, Krap. St. 16, 
I.M 1 9 1, P1 39)595, 1P1 ;393516 4.0
 

NC Ac 17124, P 1 393526, P11393641 4.5
 

NC Ac 17130, N C Ac 17142, P1 390593 5.0
 

TMV 21', RohItt 33-11', , 11h 9.0
 

a. Scored on a 9-point diseask, scale (See 'riiule 1, 1n a). 

1. Stanuinrd susceplible cultivuirs. 

Table 3. Groundnut cultivars with resistance to both rust and late leaf spot diseases at ICRISAT Center, 1980 and 

1981 rainy seasons. 

Main field disml se scores" 

Rust Late lenaf sot(ultivars 

PI 3,11879, 1'1 415132 2.5 3.0 

F,C' 76,146 (292), 1P1 2597,17, 111 350680, 381622 3.0 3.0 

N(C Ac 171:12, 111 390595 3.0 4.0 

11 215696 3.5 3.0 

N C Ac 171:33 1?IF 3.5 :.5 

NUC Ac 927, ' 393516 1.0 4.0
 

N(C A c 171:15 '1.5 4.0
 

11 39352(,1 II 3916,11 4.5 4.5
 

N (' Ac 171:10 4.5 5.0
 

1) 1 39059:1 , 2.5 5.(0

" ,TV 2 I 11o hh t 3 3-11 ,I 1 1I) 9 . 0 9 .0 

(. Melan ()t field disvas(t S.(ir(s in a 9-point scale (see 'lOle 1, N () (over several sMsons. 
b. Stndard sus eptihle iullivuirs. 

in Table 3. (For further information on multiple resistance to the two diseases. The best disease 
resistance see ICRISAT Annual Report control was achieved with eight applications ofa 

1979/80, p 153.) chlorothalonil preparation. Field disease scores, 
pod yields from untreatcd plots, and estimated 

Yield losses from foliar diseases. We carried yield losses from foliar diseases are given in 
out a replicated field trial at ICRISAT Center in Table 4. Estimated yield losses were lower in 

the 1979, 1980, and 1981 rainy seasons, using 19 resistant than in susceptible lines. Some of the 
germplasm lines and cultivars with and without resistant lines outyiclded the released Indian cul

fungicide application for control of foliar dis- tivars TMV 2, M 13, and Robut 33-1 under the 

eases. The entries represented a wide range of severe rust and late leaf spot epidemics expe



Table 4. Pod yields of foliar-disease-resistant and susceptible groundnut cultivars and estimated yield losses from 
disease. 

Yields (dfdrie.d l"stillith d yield 

lield disenvt pols ini rninv-soas()i losst,s front 
scores 

I,11tv lea,fM 
('u)is (glug/h) f'olim' distuscs (%) 

ennl 

('uII ivars Rust slptt 1979 198(0 198 1 1979 198) 1981 loss 

I" I':SR 5-112-11I 2.1) 3.0) 12.14 187 1250 26.6 19.9 14.8 20.4 
N(' ,,A 170910 2.2 5.2 2189 21:17 2500 29.3 22.1 27.5 26.3 
l"ESIR I 2-li)-lI1 2.7 3.7 1525 1202 138:3 32.7 35.0 29.1 32.3 
lESH II P 11-12 
11 2597).17 

3.0 
3.0 

3.2 
3.3 

1661 
1265 

1669 
9611 

2267 
2150 

23.1 
37.3 

17.6 
,15.1 

11.1 
:1.8 

17.3 
28.7 

NC Ac 1713: RI 3.2 :1.5 1G82 1508 2,184 ,6.5 21.9 17.2 28.5 
N(C A 17127 13.8 4.6 1778 1.173 1900 19.8 27.1 28.8 25.2 
N C A c 17 1:12 1.8 .. 6 185) 1307 2334 13.2 51.2 25.9 40.1 
N(' A..c171:15 ,1.0 4.6 199 1 1:15( 2700 3:3..2 :31.10 8.5 241.2 
IlI 298 115 4.0 (1.8 578 1(057 1100 26.6 46.7 34.3 35.9 

K ri)' S1 IG 4.8 .1.2 1311 167 238' 2: .4 17.3 28.5 2:3.1 
NI' Ac 17142 5.1D 1.8 21G1 1,180 2117 28.2 37.1 3l.11 32.2 
NI' A, 15989 7.3 1.7 1078 719 1200 ,41.0 57.9 55.6 51.5
N( AV 13 1l 8.4 8.0 788 9112 1.833 62.0 58.8 32.5 51.1 
N' \ c 17 133 YI" 8.5 7.7 955 520 1150 1I.9 75.6 16.9 55.5 

1 13 8.8 6.6 1778 1287 1533 511.1 55.5 :14.8 '16.8 
,htim:31-I 9.10 9.10 1,156 862 1517 69.8 8(1.4 5:1.6 67.9 

1',V 2 9.) .{ 1122 60,' 11067 16.0 72.2 56.8 58.3 

SE 38.7 29A.,t 77.) 
U V 1'3. 1 1.6) 1,1.4 19.0 

(I. NI ioffih lis1.1S(uus. c r .-4 o 1 9c-1)(' i ()nl v fvt (st(e ! Tl )Il( , 011 o)V r so'ver lI s.lsons. 

rienced at ICR ISAT 'Centerin the three seasons. Growth analysis of some resistant and some 
susceptible lines with and without chemical fol

Diseased-crop physiology. A physiological iarctisease control wasconducted to examine theanalysis of the data from the yield loss trials for effects of the diseases on growth and growth 
1979 and 1980 seasons indicated that none of the distribution. We found that disease control did 
lines investigated had both high foliar disease not markedly improve the yields of certain sus
iesiP tance and high yield potential (Fig. I ). Lines ceptible lines. The low yield potential of these 
known to combine these characters appear to be lines allowed them to regenerate the leaves lost 
compromis,_s betwen these two extremes. There- to disease, and so provided them with a disease 
fore, response to chemical disease control varied tole;ance mechanism. 
considerably with the yield potential of the geno
type (Fig. 2). The response to fungicide applica- Foliar diseases in intercrops. In a replicated
tion increased markedly only when yield field trial in the 1980 rainy season at ICRISAT 
potentials of 3 tonnes were exceeded. Center, six groundnut lines with different 
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Figure 1. Resistance to foliar disease itsmeasured 1bypercentage of remaining green leaf plotted against leaf 

potential for 18 groundnut cultivars. The most resistant cultivars and the cultivars wit It the greatest yiehl potential 
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Figure 2. Relationship between response toldisease 

control and yield potential of groundnut. 

degrees of resistance to rust and leaf spot dis-

eases were grown as sole crops and as intercrops 

with pearl millet (I row of millet : 3 rows of 

groundnut). The damage caused by rust and leaf 

spots was Ics in the intercropped than in the sole 

groundritnts. 
rainy season, weanother trial in the 1981 

three groundnut lines as sole crops and as 

intercrops with pearl millet and with sorghum. 

Intercrop ratios were I row of cereal: I and 3 

was no difference inrows of groundnut. There 

leaf spot damage between the intercrop treat

ments, but rust caused significantly less daimage 

in inttrcropped thian in tihe sole cropped 

groundntits. 

Reaction of genotypes to rust. We tested 25 
rust-resistant and 5 rust-susceptible genotypes 

reaction to rust in a glasshouse inoculation 

trial. Plants were inoculated when 40 days old, 

and in tile resulting single cycle of infection, 

measurement was made of several disease char

acters (Table 5). These characters correlated sig

nificantly with one another aind with the mean of 

field disease scores from previous trials. They 

could therefore be used for resistance screening 

of inoculated plants in the glasshiouse, a useful 

disease pressure isfacility in areas where rust 
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Table 5. Va rieta I reaction of gr undut to inoczti ion witIhrust: comlparison ofdiscase characters wi Il one another 
an( with field disease scores. 

lV ii-Id hIcuhoill](11 f'r-qtw ncy (1 ill~ l. llll lult's I al, 
d]ISolIso'' por,rl d[ (h s c (non)l Ili rl'll tllll''di' I Iivi s v , rv s fi1t II'VIlI(I il.\, r (1 ISI) I\\l 20 I)AI :10tu I)AI '2 Iiged 

N(' Ac 170(10 .0 19.:3 5.9 0.11G8 l,3 0.5 1.6
 
Ill .105132 2. 18.:1 8.1 
 0.63 1: 5. G1.9
 
Ill .I 1,13212 2.:1 14.7 ,1. 1 0. 86 1.,I 0.5 2.7
 
'I 193Ili 2.7 18.1 G.7 0)57 0.(G 2.A 2.8
 

I 1 -11)7.15,1 :1.() 18.5 4.7 0.57 1.1 ,I.7 1.7
 

I",(' 7(; I.; 2! 12) :1.() 17.5 6.2 0.59 5. 13.5 5.1
 
Ill :1;!:t527 I :1.0 15. 41.2 
 0.51 1.1..1 :18.8 5.0
 
Ill I 1118 7 .) 15.2 1.2 0.,19 2.A 15.5 2.8
 
Il :I! ) tl::4.: 114.7 5,5 0.73 3.0 9. 2 ,1.8
 
I'I :iS11;22 t.0l 13.1 . .91 2.11 7.5 2.1
 

I' I I1.1: I ;:.() I 1.9 1(I.9 57 ,:18 0).(! (I. 9
 
I'[ I 10 1.1
.1 11.3 3.6i 0.79 (0.:1 0.5 1.9
 
Ill1 0 ,"17 :.; 13.8 G.7 0.19 
 1.2 1.5 1.9
 
I'l V1 3;1I :t.7 11.I 4.5 0.51 01.1) 2.0 1.31
 
N ' A 17127 .8 9,.5 29.5 1.)5 916.0 1001.1() 12.3 

N A., 1712!1 1.0 1 IA., 21.01 1.21) 115.5 1001.0) 1:3.1
 
Ni , 171:il I.101.1 10.2 1.29 97.1 1110.1 8.)
 
N, \ 171.2 .1.11 9.9 12.3 1.12 96.0 1001).1) 211.) 
I1 ' ; l.o 9.8 (3.1 1.04.1 9t.1.8 1001.01 6.3
 
N' , 17121 I.l 9.7 2:1. 0 1.21 9)7.) 10DO.0 25.0
 

Ni, \, 171 70 91.31 22.5 1. 11 95.7 1011). 21.010 
I I2I -.1 17 9. 2 11.1 1. 113 111.5 10011.0) 1G.2 
Ni \ 171IS 5.)9 3 11.8 1.10 15.. 10)10.10 12,3 
( I,.- ., 5.2 It)..1 1.2 1.07 100O.0 1010. o 15.8 
I'l 27 1Si) ; fi;. 9.:1 15.8 1.35 11.11)o,(.0 2'.2 

.1I I9 .11 9.7 11G.1 1.15 1111 1 1111.10 27.5 
T I\ .z 11.1 11.93 13.5 1.12 10110.0 1100l.1D 18 1 
N I , :;t11; .1 111.8 l.1 I 100.0 till).l 15.3t 9. 1 

I-:(h; I ) 9.0 91.() 1.9 1.263 99. 100.1) 24.5 
i t( .0 9. 0 15.5 1.()8 9!,.8 10().10 19..5'1:1I 

.K 110.15 1.38 1.01.12
 
V 12. 8.1 29.2 1(.2
 

it. M, . l ,, II'l,1 dlis,.S, siM'.s mt;I I-pttilli silli (s' 'lhid ' 1, fii i) ,\',r so'verl svuits iis. 
IOA\ I~ a , 'l, r Illt l lfl l. 

insufficient t( permit reliable field screening, Reaction of wild Arachis spp to rust. Rooted 
where field screening is prohibited, or where the detached leaves or hranches of' 64 wild Araehi/s 
presence of other foliar diseases complicates species accessions arranged in replicated layouts 
field screening. in sterilized sand in plastic trays were inoculated 

http:1100l.1D
http:10)10.10
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with the rust pathogen. They were then incu-
bated in growth chambers at high relative 
humidity at 251C, and with 12-hr photoperiods. 
The susceptible cultivar TMV 2 was included as 
a check. After 30 days the leaves or branches 
were examined for development ofrust. A. mon-
;icola (II LK 104) was highly susceptible, A. rigo-
nii (GKP 10034) wits susceptible, Arachis sp 
30063 was moderately susceptible, six accessions 
(five from Section ,Irachis) were highly resist-
ant, and the remaining 55 accessions were 
immune (Table 6). 

Breeding for rust resistance. We grew 140 new 
FIcrosses in the period from the 198(0 to the 1981 
rainy season. Of the material carried forward 
from previous seasons, 303 single plant selec-
tions aild 5913 bulk selections were made fron 
F: to IF populations. No selection was made for 
rust resistance in the 1iostrai ny season (tie to low 
disease pressure, but selections were made for 
desirable agronom ic characters. [he postrainy 
season also gives us all opportttt1itv to compare 
yields of our resistant liles against the suscepti-
hie checks in a i ir'uallv disease-free 
enviroinient, 

Yield trials: the :1SR rust-resistant selec-
tions, or;gina ting itsF,progenies from the 
USI)A nursery in Puerto Rico, ha'e been 
advanced and yield tested at ICRISAT Center 
for several seasons now (I'RISAT Annual 
Report 1977 78. 1978 79, 1979 80). Sonic of the 
most resistant of these lines have also been used 

i our iiationas parents h'+brid progan. The 

lines that emerged Irom this progral as nilost 
promising were vield tested iII tile 1980 and 1981 
rainy seasons itld also illt he.1980 81postrainy 
season. The results ol the 1981 raliny-season trial 
are given i [able 7. ( ccraSlv the FFSR selec-

tions to not have the yield p)tential and desira-
ble agronomic characters of some of the more 
promising hybrids heing developcd at ICR ISAl 
from such parents its NU"Ac 17090, PI 259747. 
and B-C 76446 (292). In addition, the FBSR liies 
did not significantly outyield tile susceptible 
released standard cultivar Rohut 33-1, which is 

similar to FtSR lines in its season length arid 

plant habit. Therefore, testing of the FESR lines 
at ICRISAT Center will now cease, although we 
will continue to use them as parents and distrib
ute them to cooperators. 

)uring the 1980 rainy season and 1980/81 
postrainy season, rust-resistant lines developed 
at ICR ISAT Center were selected and advanced. 
Many new hybrid combnations were also made 
during this period from material tested by ICRI-
SAT pathologists. In the 1981 rainy season we 
yield tested many hybrids (F,to Fs populations) 
at ICRISAT Center and conducted one trial at 
our )harwar station in Karnataka State. Most 
of the trials were conducted on broadbeds in 
fields where supplementary irrigation and insect 
control measures could be provided, if required 
(Tables 8-12). One trial was sownt under low
fertility conditions without supplementary irri
gation (Table 13). Many of the entries 
significantly outyielded the susceptible controls, 

including Robut 33-1. Some of the high-yielding 
lilnes derived from resistant x susceptible crosses 
that were rated as susceptible to rust last year 
(ICR ISAT Annual Report 1979.. 80, p 129) also 
yielded well i these trials. Also, some lines with 
good resistance to rust (ratings of 2-3 on the 
9-point scale) had good i;tings (4-5) for late leaf 
spot resistance as well. These entries were from 
crosses of IIf( I x NC Ac 17090, SM I x BC 
76446 (292), Shantung Ku No.203 x FC 76446 
(292), and .111 89 x FC 76446 (292). 

Reaction to late leaf spot. We tested I I resist
ant and two susceptible cultiars for reaction to 
late leaf spot inla glasshouse inoculation trial. 

ile plants were inoculated when 50 days old, 
arid in the resulting single cycle of infection, 
measturement of several discast characters was 
made at two intervals (Table 14). Correlations 
were highly significant between percentagedefo

liation. lesion diameter, and sporulation inea
sured inltile glasshouse test and mean field 
disease scores from previous trials, indicating 
that the charaetcrs could be used for separating 
resistant from susceptible genotypes in glass
house screening. 

Breeding for resistance to leaf spots. Sources 
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Table 6. Reaction of wild Arachis species to rust at ICRISAT (enter. 

("O'I -cIt.'l I ((; I u.I 

Se'ii~nl .111.1 Specfies, II N . l 
rfiitItifusi'ris Nii. Nu. 'vliyill\s'm 

SItI'i i1 Auiu/ii,'
 

Ani s " 


Srl.S AmIl.': /\.ho~i.7om K 91181, 298l. 812.1 2117/:1:18:112 1 
A. dthiiftii'i)sis,1  K 79I88 21918231 8 123 
.. fdt' ;ImI IIIm'H, :-:il '21;2 

jit 171;>ffI frl,' ii7,' iru,' ,.\ffl' iit, Ill. :1:11 1(1,1 ,IlHl~t (58.1I
A.J 2G2808I

A 782(i1 81-:10 1"K 1 9Mh9:15 
/f 

A. p/ mi III.K ,11"1 XN:1:8 ). 81 8121; .111/::17309() Ilt 
III K W(1 :1:1827(91 8125 .1(9/*:M18 lilt 
IIIK 11191 :37:1M11 .1118,' 18Z 7 ( lIlt81:)7 S 

A. d,'IlwIll, ;KI 1111017 J;:2111 82 11; 1 , c'hm-m,'
.- , (;K Pl 1060ll2 27G23 198 1 

A. I 111";l 21051I 81,1,1 I.,\ir'hs ,<I) Mimlredi 5 1 

•(-ri.s /\mpl ildIr.s: A,.mfmor. I0- ", llI (,oh 331I:XN 1q:35. 21,W2.I / .J.:i:1!' 1:11i 4, 

St"icl,- Nt)t km;ltwin: ,\lachis.'p;i AM{)lHit 8 190 1 

\ t : 111:18.. S ;sI II1 

,fri .'l'+tt',,I t i . ul/ p,'s./filf) I ;" ' 111(112 i2lt 

.A.iil)t(t/Iiftif))Sj,, E(I'I II1(2 81811 :1:11/1:17:158I!13II ,I.) ,1)(((Sll 

(rtihs S..i 1,1(' (11(: 211877 817 IY 

Si tl I):II'Irlis .ini,) ii.i 
A. pus!illl (;KI' I:21__ :i:283j/3 8 1:19 

A.111t11'n-'11'sl III ,1K 81(;It999" G N 77 
A. fiI'jffI 1il 00. 8112I fl8litil'f 

S',t' im ~iiU, tlifSfif
 

' hliizjcfm(ft sulf': A. h ,'itil.' sA1i 1K(I 162 1115 83718:
Ill 

A. v lo illt I(I/IlI' 55. :1:182 1;1 
A. l lh IIIKil' 571: :1:18215 
A. g-h.llml(tt I I I, I I. l(-I5 3 Ii2 
/\.llllthf(II(t IIIA 338;121;3"J If, .O)7 


A. /:li/iull, (;Kl '(827 2( 271( ' 
A\.g/ I11)r (ItI ( (K',I1 9830()i) 2(;2797 

( I . n. h\ l.:.\xC( 1dm lm ' 

Continued 
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Table 6, contiued 

1C(G 	 RustCollction 
No. PI No. 	 No. Sy onyms renctionSection and series 	 Species 

, \ ra 'hi s sip I l l ) 33 3I; 1 : 1I ( 

Ara,his sp III, '92 3:1828.1 

Aowhis sp III,1lh 567 3:138299 

Amchis sp K 7934,I 20185iT 298(i:0 

ill Nos: 9)i(;/J;628 12, 9567/2('2818, 9580/ 262825, 9591/26'2827,17 cc(ssions with (;F,' 	 Nos. uid 
96 18. 1 96,15/ J;284 1. 9667/ 26218, 9797/ 2(2807, 9806/!)51)2/26 , 9:. / 2628% , 9619/ 2028,14, 

262798, 9HH2/262286, 9935/1(2301, 1059G/276233.262792, 9813/262793, 9834/ 


89 9893l~ll l~, /8 ,4-791 lilt
A mchis .sll GKI) 

8172 1961) 10(/ 15 11-78 1
Section: Not nIowli,: 	 Arachi. s 1Is 

.\ chis s1 3i0063 8 19 MS 

Al.whis s :)085 
2,15 11-78,,rchis sp 

li iolI for tiiXol)m)lIlic. IIIorlhol)gi)'i( . or oilier rvIllSn.
(I. Ac(cessionIs thill hlVie 	 Isitn reporlc'd to I' id 

1. \'m en ,ijhun. 
litlvtps (1((; 81318 mid 	 139l r1: p crsl -Nt')ivtlh ve sil ' reaction. 

c. A essiolns Nwith Iniol I ild bMg( 

I hillil1llev 

IIlt Ilighly resistiiil 

S Sus,eplill,
Its HIighly slisc'elplihle 

MS Molerily sustipliul' 

Table 7. F'o FESR rust-resistant yield trial, ICRISAT Center, 1981 rainy season. 

Iays to itld Shell ing React ioln. 

(k g/ ii) (%) Rust liif spothiorvestSelection 

108 3857 63 3 6
FIESIt 8-1'13-111-112-111- l1-l-111 


F1ESt 1 17-111-112-It1--111-II 109 378( 71 2 8
 

GT9 2 6

FESI{ I1P8-I12-111-I11-I 1-11-Ill 109 1752 

2 4 - II1- -II1-I1 109 3687 68 


F ESIt I I-I13-111-12-1-11-1-1 1 1(9 :1632 69 2 5

F EISI{ 8-1P2- tI-II 

109 1250) 74 2 6 
NC Av 1701901 

9104 5000 68 9
Roblit 3:-I' 

109 4148 67 9 9 
J 11' 


109 2672 65 9 9

NI 1:1 

218.3±. 
1%)11.5CV 

a. Scored on i 9)-I)oi)t 	 scll C (5ev 'r'nme 1, fl T). 

b. lliust-resiHtint germpliasini line. 

c. Standard stiicel lihe checks. 
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Table 8. Breeding groundnut for rust resistance; F6 yield trial at ICRISAT Center, 1981 rainy season. 

I)lys to Yivid XlvIling .lluut imoa 
SCl(tjthI Imrvst (klh/ i) %) Itu-t IAul spo 

(l'aizptr I-5xN( c\ 170)90) 99 5033 63 3 .t
F"'!-I -I 1II-I12- 111 

(NC \, I)0 x N(' A c 1709))) 111 61166 68 3 . ) 
I2-H2 H2-112-114 

(,II 89 IHC 76114 (292)) I111,1468 66 3 4 
I"2- II-II1 -1)2-11I

(Arg nltil xN ' c 1719() 111 ,1468 6,1 3 7 
I"2-h12-I1l- l2-111 

(NC. 'Il 1 xN(' Ac 170!)) 107 4,51)0 60 3 7 
"2-111 112-112-111 

NC Ac 170)91) 111 '1863 68 2 5
.1 I 1" 107 4090 G(2 9 9 
ih (3-I € 99 3984 58 9 9 

I 2)05.1
(V (1';') 8.8 

at.St'oreu ,ii 1i9-111in1t dis lliseSille (Sot, Tlahle 1, I'll (1).
 
b,.10iisl-r-is hill chock.
 

c'.Slhindalr susee,,ltile(chtvis~..
 

Taible 9. Breeding groundnut for rust resistance; F7 yield trial atICRISAT Center, 1981 rainy season. 

Sek-'tlIl 
)ays 

har'st 

t i ild 

(kg/ h ) 

It ohillng 
1%I u St 

acat ioll 1 

1,v liSptr 

(NI' Ac 27(68 x N' Ac 17090)) 107 5280 69 9 . 
F2-12"h2 1 l2-1-II! 

CT; I.Ix NI' ,\A 17 (19 
F"2 111IH 1H2 Il-1l 

17 51)01) 62 3 7 

h1 :21 x Ni ,\c 17190) 107 ,19,17 66 3 9 
F2-It I I -H12-11l-HI 

(l1; I xNC Ac 17999i 1(17 1891 60 3 5 
121 12III2-I 1t 

(N' Ac -10) x 1'C 76)146 (292) 11I ,1880 60 3 7 
V2- I I )It] 112 IIl-1 

(,SM I x I,:C 7 11-1) (2921) 107 4873 6,1 2 5 
I"2-1)2 M(112-h1 

NI' A- 171i!l t' 
-111 

107 1098 72 2 6 
HIult *);l. I" 
•11. 24I 
.1 II1 

103 
103 
107 

4074 
:1836 
3322 

70 
63 
68 

9 
9 
9 

9 
9 
9 

SI:l] 31 0.5 
V . t1..t l 

(. ,qwre~d i ii 9- i ntlidisv~it v,sc'iv (sev 'I'thle 1, fIl (1). 
h).R{ust n'tsisimlil c'heck. 
c'.Slmii Ird sliilvvpfihlh 

, ch!i-'ks. 



168 Groundnut 

Table 10. Breeding groundnul for rust resistance; F7 and FHyield trial at ICRISAT ('enter, 1981 rainy season. 

DIlys to Y ield( Shit V 1g _ It.ecCt ioll .... 

S(lectiI I Ititrvest (kg/ h ) {%) litst l vaf spot 

(lih 3--20 x P1 2597.17) 107 1625 66 2 6 

I'2-1'75-1' I-l 1 I2-1- 2-1II
 
Womel x NC Ac 17090) 1(13 4296 66 3 9
 

F,2 -12- 11 -12- It I- 13 

(Starr x NC' Ac 17090) 102 4187 60 3 9 
1,2-1W;-M1-1 -- 1 31B 

(Shumiing Ku No. 20:1 x Ill 4175 70 3 4 

I(' 764,16 (292)
F,2-111-111-112-II-III1 

(N( 268 x N Ac 17090) 107 4116 63 9 9 

,"2-lI 1-,1 -l,2-l13-lil 

NC Ac 170901) 114 4129 65 3 6 

(hohut 33-1 1) 1 10 1067 60 9 9 

107 3962 66 9 9Jl, 21" 
,I 1 107 3780 64 9 9 

SI 716.9 

C (%1 12.0 

(I. Siored ))i it 9-1ioinl dis(, sv s(ile (se, 'lnlle 1, tn (). 

b. IIust-rusishmil check. 
c. Stmin rd sus'('ptile chvvks. 

Table II. Breeding groundnut for rust resistance; Fmyield tri-" at ICRISAT (enter, 1981 rainy season. 

Shelling l{,ctioni'
)lys , I(,ld lusI luid' Spot-, ion hmrvest (kg/hi) (st) 

(N(U-"I-1-.1 x I'1 25977)
 
I' 2-P1,-_111_12-I _I-HI 9 't826 64 i) 9
 

(ISB 7-2 x 11 259747)
 

F 2-113-'I-III-I'I- I-I)I 
 99 4820 57 9 9 

(Argentine' x 1 2597 7)
 
I2-l1l-1' -l-l-l12-l1-l I 10:3 4468 58 9 9
 

('T( 17 x 11 2597.17)
 
I,2-l'l'-111-l1 .112-HI-Ill 1 4352 68 3 9
 

(Var. 2-2 x I1 2597,17)
 
9 9
F-2- 1'- ' I-1 -- 2-111-tI 103 41336 66 

NC Ac 170.901' 1 'H '1611 70 2 7 
52 9 9IRohut 33-1" 99 :3697 

106 3371) 62 9 91 1" 

256.0SIE ± 
(A.V (%1) 12.0 

(I. Scored on it 9-point disvmne sviule (see 'l'hle 1, f'n I). 

I. lust-resistntl check. 

c. Stitdrd suteptil, checks. 
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1l0( * TMV 2 
o 1I1 337409-It) A 


a A-J1 

1A Il'SR' 1-11 -3 -

80- A8I"-SI¢ 11-11-B2-lI Itrifugation 

70 /detection 
w) 

50-

< 30 -Screening 

21) 

10 

2 I G 8 1 
lys of inc'uhatimn f howing inoC.1ua ion 

Figure 3. Aflatoxin Bi accumulation in seeds of four 
groundnut cullivars inoculated with toxigenic A.fla'u 
strain AF8-3-2A and incubated at 25±30C. 

tions were screened for seed resistance tocoloni-
zation by A../7avus, and those with less than 15% 
seed colonization were selected for further test-
ing and yield evaluation. (Table 18). 

All possible crosses involving three resistant 
(Pi 337394F, PI 337409, and UF 71513-1) and 
one susceptible (FESR 12-P6-BI-13l) cultivars 
have been attempted. Screening Fo and Fi seeds 
of these crosses for resistance to colonization by 
/A..lavus will help us to understand the nature of 
resistance and to formulate breeding strategies. 

Virus Diseases 

Bud Necrosis Disease 

Causal agent. In 1980/81 we developed an 
improved method for purifying tomato spotted 
wilt virus (TSWV), the causal agent of bud 
necrosis disease. This involves clarification of 
groundnut leaf extracts, concentration by high 

speed centrifugation, and treatment with anti
sera prepared against healthy groundnut leaf 
extracts. Further purification is achieved by one 
cycle of rate zonal cen-ifugation and two cycles 
of quasi-equilibrium zonal density gradient cen

in sucrose solutions. We have pro
duced an antiserum for TSWV, which facilitates 

of the virus serologically, employing 
an enzyme-linked immunosorbent assay 
(ELISA) in plant extracts. 

for sources of resistance. In the 1980 
rainy season we screened 239 germplasm lines in 
a replicated field trial for resistance to bud 

necrosis disease. The entries NC Ac 343, NC Ac 
2230. NC Ac 2242, and NC Ac 2277 had signifi

cantly lower disease incidence than all other 
entries. Of these, NC Ac 2242, NC Ac 343, and 
NC Ac 2230 were found tolerant to jassid and 
thrips attack in our earlier studies (ICRISAT 
Annual Report 1979/80). 

We also screened 42 accessions of wild Ara
chis species in the glasshouse by mechanical sap 
inoculation and grafting techniques for resist
ance to infection with the virus. All accessions 
tested became infected with TSWV following 
graft inoculation. However, the accessions A. 
chacoense (10602), A. correntina (9580), and A. 
cardenasii did not become infected following 
mechanical sap inoculation. 

Vector studies. Previous research at ICRISAT 
showed massive invasion by Frankliniella 
schultzei (the thrips vector of TSWV) occurring 
on rainy-season crops from mid-August to early 
September, and on postrainy-season L'ops from 
January to mid-February (ICRISAT Annual 
Report 1979/80). Our observations in the 1980 
rainy and 1980/81 postrainy seasons confirmed 
these findings and suggested that wind velocity 
and maximum day temperatures were important 
factors influencing population buildup and 

migration of F schultzei. Of the mass flights 
recorded between June 1980 and April 1981, 
most occurred when wind velocity at 1400 hr was 
below 10 km/hr and the remainder when the 
velocity was between 10 and 15 km/hr. Most 
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Table 18. Groundnut selections promising for resistance to Aspergillus flavus (with less than 15% seed 
colonization). 

I (I igre v 


(lizptliir 1I-5 x 111 33739-1). F") 1"2-11-S1'11 


(IM I x I'1 317:194 I) 12 II-HI'Il 

(.1 11 x 11 3 : :79.1 I l2.11- S 'l u 

( i xl'f 1'i :1:17:1373 I94)1 2l- I-l'llW i('ic, ll 91 F") F2 -111. H Ilx 7 ;111 


( Fitizptir 1 5 x 1 :1:17,11 ) I 2--III 1'l111 

,I I I x 111 33:7,109!) 1V2-111 S1II11 


(55-.4137 x 1 :1;17:194 I,') F2-11-Sl'I11 

Nt'.FlIli 1.1 x 17:;17:/!I I' - SlI111
II:I-Il 

I(R blli 33- 1 N ::17:1 91 I F2-111 -P2 


i.(Ib ult :1:-1 I x 1 :1:17194 I 12- 111-113 

I tuit 133 1 x 1 1 :173941V ' V2111-'5 

I60u :1:1-1 x II T17:39i i 2-111-17

it(, bi til33 1 x 11 3; 17: 194 lF) F,2 ItI1- 1 18 


Ito ) t3-I 1 x I1 :1:17:19,1 F) F2-II .1115 


Il{.lu1 :11-I x 1:17:9.4 I) I2l - 151.101(IGohuf 33- 1 x I14 :17: 1!),I 1 " 2.I1 1P"3 


(R{o hit 33 I x PI 1:17194 I) "2-I11-':1:1 


,I 11 hMi; t1-. 

a. I '-ss li il (Aiuck, 
h. ltisevp'ltile c hecik. 

flights occurred when thc maximum day temper-
ature was between 20 and 350C. 

Plant population and disease incidence. In a
 
replicated field trial at ICRISAT in 1980, TMV 

2, Robut 33-I, and I 13 were sown at two 

within-row and two between-row spacings. As 

previously found (ICRISAT Annual Report 

1979/80), bud necrosis disease incidence was 

lower at the higher population than at the lower 

population. This difference was more marked in 

cultivars TMV 2 and M 13 than in Robut 33-1. 


In another field trial in 1980 we planted TMV 
2 and Robut 33-1 on two dates (.June and July) 
and at two plant populations (Tabks 19 and 20). 
Planting date and genotype had a greater effect 

Svd c ln ized ( 

11I {)
 

10.71 

15.0) 
12.00
1,4.23 

13.45 
0.27 

1,'.16 
13.68 

10 0 

11.110 
I1.1) 
10.01)
10.00( 

11.11 

10I.)(0 

1(l,01) 

14.)0)
96.00) 

than plant spacing oil disease incidence and 
yield. 

Management of bud necrosis disease. At 
ICRISAT Center two cultural practices have 
been found effective in red ticing incidence of bud 
necrosis disease growing the crop at high plant 
population, and sowing the rainy-season crop in 
mid-June and the postrainy-season crop in 
November. lefore these practices can be recoin
mended for other localities it will be necessary to 
carry out the basic studies on vector populations 
and migrations .nd on effects of plant popula
tion in tile specific localities. 

In areas where the disease is severe, highly 



Diseases 175 

Table 19. Effect of date of sowing and plant spacing on incidence of bud necrosi, disease (BND) on groundnut 
cultivars TMV 2 and Robut 33-.' at ICRISAT ('enter, 1980 rainy season. 

Hud nwrisis disense incidnce (%) in Bud nt, rasis (%) 
Swing TM V 2 IRibuit 33-I (miiiean) 
dates 50th (hy 100th dy 50th (lily 100111 day 50th (lily 100th (ily 

15 ,Jun, 12.9 70.5 4.0 30.7 8.,1 50.6 
(20.8) (58.1) (11.2) (33.5) (16.0) (45.8) 

15 July 69. I 91.1 32.31 58.5 50.7 76.3 
(56.3) (76.2) (84.6) ('19.9) (45.4) (63.0) 

Meen '11 .0 8 2.3 18. 1 44.6 
(38.5) (67.2) (22.9) (11.7) 

SH, Sowing (Inte: [) 
50t1 d y (1.90) 

lOOti day (1.20) 
SE,± ultiviirs: ,N1) 

5C it(lny (0.8,1)
10001h (Ily (I .1:) 

Pi'rv'nI BNO)in relittion 	 1()phint sp iinj: SE.
+
. 

75 x 1(0('ti 501th diiy 28.) 
(29.7) (0.50) 

75 x 15 eti 10)11i div 10.7 
(31.7) 

75 x 10 ('.t- Wilt diy 59.7 
151 .81 	 (0.96) 

75 	x 15 'tit- 100th dny G7. 2 
(57.)) 

a. Figures it:lprtltiesis lre trailslfarmvId Villues. 

Table 20. Effect of date of sowing and plant spacing on pod yield of groundnut cultivars TMV-2 and hobut 33 t 
I('RISAT ('enter, 198(0 rainy season. 

I'i(Ni y IelI (kg! Ii) 	 M ltn(l yield 
Sowiing dilte 	 I'M' '2 Robt 33-1 (kg/hiji) SE 

15 .Juti 9 12 1,155 1 198 
15 ,ly 75 255 ;65 

Mela 508 855 681
 
SE, 17.)
 

Nein vi(ld for I) llt slneing: 

75 x 10 - 755 kg/ lilt SI, 25.0 
75 x 15 - 609 kg/ha 
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susceptible cultivars such as TMV 2 should not 
be grown. 

Peanut Mottle Virus Disease 

Causal agent. In our disease surveys during 
1976-81 we recorded peanut mottle virus(PMV) 
disease in Karnataka, Tlaml Nadu, and Andhra 
Pradesh states of India. 

In 1980/81 our purification method has been 
further refined to yield 40 mg of PMV from I kg 
of pea tis,.,e. A sample of antiserum has been 
produced vith a titre of 1/600, as determined by 
the precipitin ring test. We have now successfully 
adopted the EI.ISA technique for detection of 
PMV in seed. Using this technique we detected 
the viral antigen in embryos and cotyledons of 
infected seeds. By use of EI.ISA, small portions 
of tissues can be tested without destroying the 
seed. Over 5000 seeds from PMV-inf, ted plants 
have now been tested simultaneously oy ELISA 
and by "growing-on" tests, with good correla-
tion between results from the two methods, 

Screening for sources of resistance. In the 1990 
rainy and 1980/81 postrainy seasons we 
screened 150 geriplasin lines for resistance to 
PMV. Yield reduction following infection was 
estimated, and the percentage of seed transmis-
sion of the virus was determined. All lines were 
susceptib,. Yield losses of infected plants 
ranged from I I to 65%. Seed transmission was 
positive in all but two lines-- NC Ac 17 133 (RF) 
and PI 393643. 

Over 5000 seeds of each of lines PI 259747, EC 
76446 (292), and NC Ac 1826 from PMV-
infected plants were tested by EI.ISA and by 
growing-on tests for presence of PM V. EC 76446 
(292) showed no seed transmission, but P1 
259747 showed 0.003% and NC Ac 1826, 
0.007%. These three lines had shown no trans-
mission in our earlier preliminary tests with 
smaller numbers of seeds. 

A few plants each of 26 wild Arachis species 
were tested for resistuince to PMV by mechanical 
sap inoculation and by grafting. Only two them, 
A. chacoense (10602) and A. pusillacould not be 
infected by either method. 

Peanut Clump Virus Disease 

Causal agent. In our disease surveys during 
1976-81 we have recorded the peanut clump 
virus (PCV) disease in Tamil Nadu, Rajasthan, 

Punjab, Gujarat, and Andhra Pradesh sta#cs of 
India. We have purified the virus; the particles are 
rod-shaped, 24-26 nm wide, with a modal length 
of 165 and 230 nrm, as determined in crude plant 
extracts (Figs. 4 and 5). An antiserun has been 
produced with a titre of 1/800, as determined by 
the precipitin ring test. Serological tests have 
shown that this virus is not related to tobacco 
rattle and pea early browning viruses. The virus 
contains a single polypeptide of molecular weight 
24 000 daltons, and has similarities (soilborne 
nature, symptoms on peanut, wide host range, 
particle morphology, and density in CsCI) to pea
nut clump virus reported from West Africa. 

Screening for sources of resistance. In collabo
ration with the Punjab Agricultural University, 
we carried out screening for resistance at Ludhi
ana, India, where the d:sease has been recurring 

in the same positions in fields for several years. 
Of 1200 germplasm lines screened, all were sus
ceptible, but NC Ac 17840, NC Ac 17847, NC Ac 
17866, and EC 21887 showed tolerance to PCV. 
Their growth and yield were only slightly 
affected by the presence of the virus. 
Cowpea Mild Mottle Virus Disease 

In a collaborative study with the University of 
Agricultural Sciences, Bangalore, India, we 
investigated the virus-vector relationship in 
1980/81. The virus was found to be transmitted 
in a nonpersistent manner by the vector k'misia 
tahaci.The virus causes an economically impor
tant disease in soybean. Out tests indicate that 
the isolate occurring in India is not seed trans
mitted in soybean or in groundnut, unlike the 
West African isolate of the virus. 

An antiserum for cowpea mild mottle virus 
has been produced. We have found that the 
Indian strain is serologically related to the iso
late reported on cowpeas in West Africa. Tne 
antiserum has also been used to identify the virus 
on soybeans in Thailand. 
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Figure 4.Purified peanut clump virus particles stained with phosphotungstic acid. 

Pests 

:3) Incidence at ICRISAT Center 

During the 1980 rainy season, a thrips (Sci to
tripsdorsalis),a jassid (lmpoasca kerri), arid a 
leafminer (Aproaerema modicella) were the 
major pests, populations of leafminer built up 
during August and September, possibly because( 
 of low rainfall in July and August. There was a/ major attack by this insect in the 1980/81 post
rainy season. In addition, armyworm (Spodop

o 	 F W--- 4ienra litura) caused severe damage in some fields50 	 1()() 15( 20(0 25) during March and April. In the 1981 rainy sea
11rlijt') length (nin) son, the rainfall was heavy and well distributed

Figure 5.Clump virus particle length distribution in throughout the growing season, and pest damcrude grounlnul leaf extracts, age was generally low.assids, armyworm, white 
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grub (Lachnosternafissa), and termites were of 
moderate importance in restricted areas on 
ICRISAT Center farm. 

Pest Surveys in India 

We made field trips during the report period to 
the states of Andlhra Pradesh, Gujarat, Karnat-
a ka, M aharashtra, Rajasthan, and Uttar Pra-

desh. The leafminer A. modicella and the thrips 

(aliothrijs indicus were serious pests in 

drought-affected areas of south Itndia, This leaf
miner, which was endemic to !,outh India, has 
now become a serious pest in Maharashtra and 

(hujarat incentral India, particularly where there 
is large-scale cultivation of irrigated summer 

grouniid nuts, In sandy soils of Gujarat, Rajas-

than, and Uttar Pradesh, white grubs and ter

mites ( Odontoternuesobesus) were serious pests. 

A rmyworin caused large-scale defoliation in 

parts of Andira 'radesh, Karnataka, and "lamil 

Nadti; this insect wasa minor pest of groundnuts 
until recent years. .lassid damage in Gujarat and 

Tamil Nadu was serious. Red hairy caterpillar 

(,Insafta albisiriga) was an important pest in 

parts of Tamil Nadu, Karnataka, and Andh ra 

Pradesh. 

Assessment of Yield Losses 
fron Thrips Attack 

We conducted an experiment in tie 1980/81 

postrainy season to assess yield loss from thrips 

on the cultivar TMV 2. This season was suitable 
for such a trial becat, ;e of high incidence of 
thrips (S. dorsalis and .'*rankliniella 01htltzei), 

11id low incidence of fungal and virus diseases 

allot sucking pests such as aphids and jassids, 

which occur simultaneously with thrips in the 

rainy season anmid affect yields. 
Several plots of ground nut were exposed to 

insect pests for different periods to relate yield 

loss with pest attack at different stages of crop 

growth. [)etailed weekly observations on pest 

populations and virus diseases were recorded. 

After tle thrips population declined in March, 

all plots were sprayed with IIendosulfa n (0. I1 ) to 

protect against leafminer and armywolin and 

Table 21. Assessment of groundnut yield loss from 
thripsa attack on the TMV 2 cultlvar at ICRISAT 
Center, 1980/81 postrainy season. 

o'dl vi ldiiM t'ticide ii ltil, 
tl /110 

All VIil:l168
 

I,Fih 15 lhiv s ii l'tr iemogvnctl 14138
 

I,'rim :10 dias ntf'c r tiil rgienct 1206
 

I n' GO , s iiIt rgmnice 109 2
ii0 d r tiin 
11151N,, tre utinit 

8, 13. 5 

t.. Scirtithrips dirsuilis mint Id,(antklini,'lIl 
schilt.,i werv iw iitr lirips iwists iii 

I('klSA' (tCitr during this priud. 

bavistin +dithane M-45 to protect against fungal 

diseases. 
The total crop protection increased yield by 

30/, (Table 21). The majority of the yield 

increase was from protection given during days 

15-60 of crop growth, when only tlie thrips were 

major pests and differences in thrips populations 

were significant. )amage fron other insect 

pests, including the leafininer, and fron fungal 

was small and their effects onand virus diseases 
yield in various plots were nonsignificant. There
flore. the yield loss could be attributed only to 

thrips. 

Assessment of Yield Losses
 
from All Pests
 

We conducted a replicated trial in the 1980/81 

postrainy season to assess the total yield loss 

from insect pests on theciltivarINV 2at ICRI-

SAT Center. lest plots were protected with 

nionocrotophos sprays ().2,( ) at fortnightly 
)lots served as controls.intervals, and ntreate.1 

[hc major carly-scase , pests wverc thrips, and in 

late-season, the ,eilinfer. The yield differences 

were statistically significant; the mean yield of 

treated plots was 1477 kg/!ha, while that of 

untreated plots was 1028 kg/Ia, indicatinga loss 

of 30.4(/" due to insect pests. 



Biology of Major Pests 

,lassids. 01 1tileseveral species of Iassids that 
infested groundnuts at I(RISAT Center tll 
1980, 81, ElmlT a.sci k'rri was the most preval-
ent. The jassids infested the crop in .July, bi 
large popiulatilols gradually built up fronll late 
AtugUst till ()cohcr. ('owpea was floulnd to be a 
pl'CrrCd host. W/e undiertok mass rearing of 

Jassids in the lahorltor to anlgllelt ield popu-

latiolns for resistance screening trials. 


For advanced resistance test, 41 groundnut 


cui\tiars werc s(wnin a pesticide-frec area tin 
4-rn x 4-ro' plots it the ISt\weck olJUly. Two 
rows of cowpca ctllite after everv vtwo te. t plots.
hrec' relcases, each of 500, 5000, arid 10 000 

laboratory-bred .assids, \werc made on the cow-

peas. 1liec(s peas \\erc hiarestced in Aigust o 

encturage jassids to move to tilegr'oundrntits 


P~ercent vcllom rig of foliage (typical 'atssd 
iiltry) and nuutber of nypllphs er five plants itl 
tilecent rd two ro s \\erc reco r cd. Scv ral lines 
had low lcvels o ja Ssid initlrv, and llmost otf theril 
h(ad 1\v aslid iltctialtion (lIable 22). Iah iora-
torv tests is, rig rcstlriclcd ltilnhers of insects it 

it'c ir
llltilillt ch~lilC'ltii't-
toulti1ple Chotice 	 cx lcr llllll,or rio-choice exNperimenelts 
assids s'lce less 

nite lines ill[able 22. thaIn ot1the sNceptiblc 
1M V 2 alid Robtit 33-1 ctlltliar's. 

Irclilriraryrcicen iring ofiaiotltcr 300culivart 
reslreh d it idenitificatiolt of 12 lItes that ssiiwed 

slioscd tlhat fecltntd or. threfirsti 


o, 
very little jassid intt . I iesw ari : NU Ac 2123.I . 

785, 1140. 17011. 16940. 2154. 2798. 7481. and 
2079: F( 36892 anrd 27446: ind K-4 (a hvbrid 
frortt .. It'/ot,'ll(, aind .f . tu h1'iwAii). 

"hrips. S tircc, of resi,,lacc to thrips were 
sought becaNse of tlhcir ilrport tice its pests ind 
vctors \worldhidc. 'Mirectnlphasisvas I, it
i 
F.hchltl:i,z hItich. ill addition to beirga pest. is 
also a \ecttir of tomtoitt Tpitted%wilt virS which 
causes bud me-iceosis disease o(groridiit. 'Tlie 
obJectiye was to ctbin e vector resistaitce with 
liigi-ieldiig cultlivars such as Robut 33-1. Most 
of the jassid-resistant ctltiva rs werc ;ilso pionis
ing atgainst thrips, arid thercfore our thsrva-
tins were taken itt a comibined trial forjassids 
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Table 22. Groundnut sources ofresistance to jassidsa 
at ICRISAT Center, 1980 rainy season. 

Y 	 .wI]g N... ... 
. , hcy liyinihis 5 

('ili vir j;iSifs t": ' plllints 
. 
NC A 2232 (1.0 1.3
 
N c Ac 22(1 ().I 2.0
N 221 1 1) ).1 2.0
 
N( Ac 22.12 0.2 1.3
 

NC A, 22,1:1 (T 0.2 1.8
 
NC Ac 22 t140 1.7
 
NC Ac 22,1(1 (1., 1.7
 
Nla cA 17105 1.0 5.7
 
Nc . . 2.7
 

U A 22.1.1 0.8t 20.7
 
Ni A. 189) t .) .
 
Ni'C\,' 2tiai 1.5 8.7 
m 1:, Il.11 9.0 

'T'.%IV 2 .10.0 2(.:
 
,hI) :131 21t.l 14.3
 

F1,aS1 I. 17.0
 

\ ,1,ri] 4.11li-	 9.8(4t 18.55 
vair, 1 

-
2.17 
('V 	 38. 3tt.8: 
(I. b~l7lltlsc'a w,!'Wl ilt l(IllIjoll"jaisill
. ',iwtshitijaiait 

;'0,'iiTI l,''l11' turin g 

iri,,
 

at ,r this 

A. illlriis'at rll lliiwas I,rl Ills't( 


inli,i ". 

i it I.lii.. 
t.$u ...c ,lirh ,chockl,' t,
 

i0l, D vvp ii-111" f l l,-, T T ll) il ,,,1
 

att(l hrips. The resistance, judged from low 
till-ips in.iury, was observed in several lines 
Iable 23).(of) Sorte of these lilies were tested ill 
ISA. where they also showed high resistancec to
 

F. /ic'a. A Iso laboratory tests showed that 
tItrips werc less fecund oitNC Ac 2242, 2214, 
2240, 2232. and 2243 than ilTMV 2.Further 
tests with tither cultivars are itt progress. 

Aphids. Field screening to identif'y sourrces of 
resistance to tile aphid, Alhiis craccivora, at 
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Table 23. Groundnut sources of resistance to the 	 Table 24. Multiplication of the aphid, Aphis cracci

vora, on some wild Arachis spp and their derivativesthrips Frankliniella schultzel at ICRISAT Center, 
at ICRISAT Center, 1980/81.1980 rainy season. 

- Nit. of 
NIN y

Injury No o'h nymhsrating 

Ciiltiviir Il-.i Ht'i~ll) 	 Sl .i es/dhrivntives rtlonstd 2'2wtks 

NC A' 22 T"1')22,:1 I02.1 A. g(I1h iItt
NC' Ac!22,1:1 (I)l') 

NC Ac 22,12 2.2( A. h a ( , 1?S 4' 	 40 2 

,1:nin 	 4() 2 
N C A (! 2214 2.3 	 A. mn 

2.3" A. (t rtiil'nsis 	 40 13
N,C Ac 2:1( 

NC Acv 1705 2.4 

NC! Ac 2210 2A' ,431 A 5( G 
N C Ac :1,13 2.8 
N C A' 22:12 2.8" A 4.) 2) 1 2 

:1.0.NC Ar 24G62 
NC A c 21,12 :1.2 
NC A' 2 114 :1.7 

'2 t19 5. 6 Ieafiminer. We initiated investigations on thisNC' A\ 

tM,-;(.I ,.lt)l iv rs) ,(.2 insect, A. modiella, in the 1980 rainy seasin. 

sI'K (u.62 The insect cornmpleted three generations during 
CV (,,:,) 26.7 the rainy season and outr in the postrainy sea

son, with peak populations occurring in Sep

(. I,,,nst ,1ni(gid V, ltiviirs by I. is',a it tember and April. Screening work in the rainy 
Tift, (;t,,rgil ICSA. witli inpiry raling ul' season can not he relied ol. is poplatll.lion build
1.3(-;.8. Sitsvitp h ,. .h .,k P'I 3l39)74 li d tp is lo"v in years with hevaty eldl distrib

, r iIIittc.cho .. utcd rains, such as ill 1981. Ihercfore, mijor 

T 1, ,, s,,,il o'Cit .	 screening work n tslt be done in the postrainy 

season. Preliminary observations indicatedICC I C,.p Irlil ' st, , tt. 

occurrence of a sex pheromone in females; virgin 
fenale traps attractecd high numbers of males 
([able 25). 

ICRISAT flarm was not possible because of Of 1801 lines that we screened for resistance to 

inadequate buildtup of this insect pest. lest;rg the leafniiner, a few were found promising and 

was therefore done in the screerihouse by art ifi- will be ftrther tested in the i981/82 postrainy 

cially infesting plants with aphids. Out of 1600 season. 

.A. ]hv'lgaea sources screenled, nione was found The insect was easily controiled by tnoiocro

g.a.i.ha, and tie application atpromising. Ilowever, two wild species, A. cia- Cophos @ 600 

I('e',.W 1nd .,l. /talizoc:), were highly resisa tt. he eniergence of the second generatio Ifriotlis 

Some progenies of' A. chaco(enve x AI. hlJtupgaea 	 caused th,: greatest reduction in populat ion. 

were also promising (l able 24). Ilowever, in 
A rmyworm. We initiated work on the biologytests of over 100 progenies of' A. heii:'ooix A. 

hlvogawa none was found resistant. of this insect in 1980. Several thousand larvae 

We are attempting to improve field screening and pupae of S. liturawere collected and reared 

by artificial release of aphids at ICR ISAT Cen- in the laboratory to investigate tile mortality 

t:r and by searching for a location with a known factors. We found that viruses were an impor

history of high aphid infestation, tant mortality factor in both rainy and postrainy 

http:g.a.i.ha


Pesis 181 

rable 25. Numbers of leafininer moths (Aproaeremia modicella) caught in traps with and without virgin female 
moths at ICRISAT ('enter, 1980/81 postrainy season. 

Avi-rige Iutmlhr I)lino s i)(-rIntl) pIl'r dIy 
T rn p pmnir I TriI) unIr 2 Trp pair 3 

IpI ri U 
Wit 

f'vill IItri I 
%ViIlI 

' si 'wi Irid 
W ith 

fell) III's Con trol 

9-17 I' hrury' 1(8* 2 70 41* 2 

1521 Mrci 128* 6 105* 10 71 14
8-11 April 2,17" 57 272* 70 22* 55 

a. T'rappinig lriods 'rnspmid ai lt viavrgeiiis (if thre gonerations of the leifliner. 
C' vuilue si.ii ic;intI (I 11.05). 

Tabe 26. Natural mortality of armyworm (Spdoplera ilura)at I'RISAT ('enter following outbreaks in March 
an( September 1981.
 

lsi-+ Ig~t ' .Mortal tiv (% 
it.lcklll ,M ,rth)livy fii'jtr Mar 1981 Sept 

I.;r,.' T.whi idparitsites 7.: 7.8
 

Fungi 
 0. 21.4
\'iru. 31.3 17.9 

I' Iu l lInknvii 2 .3 8.0 

(I. Hlusl"'l lull imiplls ()f '.'vr Ihirvhlton 1(1000 'aih. 

seasons and fungi in the rainy season.T'The paras- Multiple resistance. A few germplasm lines
itisn e.vel Xas usua liv low, a1id mortality was were f0ound to have various degrees of resistance 
caused mainly by tachinid parasites (Table 26). to several insect pests (lable 28). While most of 

the lines were poor yielders. NC Ac 343 in addi-
Termites. IwXo replicated trials ,Cre lajli (olt in tion to havyng multiple pest resistance was also 
tcrmitc-inh.sted. pest icide-free Allisols at 1('RI- high yielding. This line was reported to have a 
SA I ('enter. Il crops ,'ere Ilted in November high degree of'res,.tance at North C'arolina State 
(ahout a month later than rrnoal maturitydate) I nixersitv (UISA) t: the pod hurer I)iai rotuicu 
to allow extra time for darlage to pods. Pods tid'cimlmiciai huuvard, the Jassid Emuioasca 
were carelully harvested, and percentages o1 flbaae, and Irankliniellau./fsca. 
da maged pods werc recorded (Ia hle 27). Several 
lines show,ed low termite damage. Of these N( Breeding for Pest Resistance 
Ac 343 an( RM I-40 gave good .ield under low 
fertility pesticide-free conditions. Some F.SIR Jassids. At ICR ISAI ('enter the jassid
lines also had lo pod damage. rest' ,'-Iparents NC Ac 2214, 2232, 2242, 1705, 

1981 
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'Table 27. Sources of resistance to termites causing pod scarification in groundnut at ICRISAT Center, 1980 rainy 

season(l. 

Trit'l 2 
Trinl I 

s ( % 
Sc'nri lied Sciirit'icl) 
pl)€ls C!'. C'ullivirll. 

(Cultiviir 


2.7
NC Ac 100331.5V,S l,I)-WI-112-BI .2.' NC Ac I 18 
NC Ac' 224:, 1') 3.5Ac 28973.1 N(C
NC Ac !22) ( ))) 5.8NC Ac 7.1811.INC"Ac :43 5.3N C Ac 72:164.9
NC Ac 22,1(0 

5.'4Ah 76635.0
RMI' -Ii 5.71 V d 2, PI9-t1-l18-115.: 1NC ,\c 221 
.,, , I -lI-fl3-1), 6.38.8NC At 2230 58.3,,c . 72:1A158.3NC Ar 2714 

MeNu (75 cultivirs) 2:1.826..0
M liun041 clitivtrs) 

I('RISAT ('enter, 1980 rainy season. 
Table 28. (roundnut genotypes with resistance to several pests at 

Tcrinite
.hlssid injury: 


'fitld
bi1uttged (kg/ hm )t)wed Thrips .injury limid.4(%)v'Iltv (;)1-9 (%I 140q'
(Cullivitr .

10 ;3. 1 
N(C Av 22,13 0. 

17.7 3911.2 
2.1 
2.20.222.12NC Av 
2.4 .110.812.911 

NC A r 1705 1.) 
162.51.9 

NC A,v.2210 0(.7 2.'4 
602.25.:2.3N C,'A 221 ,t((.2 1055.82.8NCC At' .1:3 I .) :3.0 
501.0
:12.
5 840.)TMV 2 

(I. M ml, rnj leivl 41' rv,.istanc',. 

343, 10247, and 15729 were crossed with Robtt ire poor vielders, a backcrossing program was 

started to incorporate high yield characters.
33-1, a high-yielding but susceptible cultiv:r, 

and M 13, a high-yielding cultivar with moder-
Thrills. li1980,'81 we started work on breed

ate iassid resistance. 'heprogenies of these are 
of ing for resistance to thrips. using resistant par

in various filial generations, and selection 
ents NC Ac 2214, 2232. 2242, 1705, and 343 and

high-yielding. jassid-resistant progenies is in 
NI 13.high-yielding parents Robut 33-1 and 

progress, 
One of th', resistan', parents, NC Ac 2214, is Additionally, two resistant parents, NC Ac 2243 

and NC Ac 2230. have been introduced into our 
hairy, and some of the progenies from tile 

crossing program. '[he progenies resultieg, from 
crosses ol'this and less pubescent parents showed 

lcy these crosses are being screened for th-ips resist
transgressive segregation for hairiness. 


ance and high yield.
were selectedl for this character, but since they 
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Nitrogen Fixation Table 29. Effect of different methods of inoculation 
on groundnut (CV Robut 33-1) yield (kg/ha) at ICRI-

Response to Rhizobium Inoculation SAT Center, 1980 rainy season. 

Cultivar/Rhizobium compatibility. Experi- Mtlit!lqd oft inloculltin! 
ments conducted at ICR ISAT Centerduring the Treldinent Granular liquid 
1980 and 1981 rainy seasons confirmed earlier 5/70 1290 1770 
findings (ICRISAT Annu:t Report 1978/79, NC 92 1020 1640 
1979/80) that inoculating with superior Rhizo- IC( 6006 1000 1630 
hium strains increases groundnut yields, even in Mixture 1050 1520 
fields where the crop is nodulated by an effective 	 (511/70 + NC 92 + IC
 

6006)
native population. The cultiva r Rob it 33-1 inoc-


ulated with Rihiz um strain NC 92 by liquid U.1ihOt lilt d" 135)
 
application outyielded the uninoculated con- C V 1%) 15
 
trols in 1980 and 1081 by 21% and 17%_ respec
tively (Table 29 and 30). Similar results were
 
obtained w~hen the experiment was cond ucted at (. ,Sfillnltrd trror for t oniporing unino uhlt dorbttne ntwwit i nny ub izo 'inn strain Irent-

Dharwar (550 km from ICRISAT Center) the wilt is ± 77.,1 mil for coilnworing ie iliod of
 
yield increase there being 40% (Table 31). Robut itnovifIion wit hin itrn in- is ± 1:33.8.
 
33-1 inoculated with Rhizobiunm strain 5a/70
 

Table 30. Response of groundnut yiela (kg/ha) to Rhizobium inoculation at ICRISAT Center, 1981 rainy season. 

Ct'lliivar 
TFriutnit Robut 33-1 11 IC,GS 15 

5t/ 7( 2,140 1710 1800
 
NtC 92 2760 1870 2390
 
IC (;00{1 2070 1680 1920
 
Mixture 27110 1600( 19,10
 

(511/701) N(C 92 IC 6006) 

t ino cla 'let 	 2350 1951 1970 
C'V CIL , ni plilus: 13 

u. Stinlhird oerror for coinwpring hizobium Iretnlents within cultivars is ± 177.8. 

Table 31. Response of groundnut yield (kg/ha) to Rhizobium inoculation at Dharwar, 1981 rainy season. 

tu It i vnr 
Trto tinetnt( tofbut 13-1 .3 II TMV 2 

NC 92 2150 1850) 1640 
5n/ 70 1630 1920 1 ,160 

hinnI c lloted 15 30 1710 1270 
CV (1) 	 2:1.0 

0i. Stldard error for coinipring fhiolitam tren lirints within cullivars isi ± 176.5. 
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also had increased yields in the 1980 rainy season 

(Table 29). No effect of inoculation was 
observed in several other cultivar/ strain combi-

nations tested. However, during the 19X1 rainy 

season, ICG 15, a progenyof Robut 33-1 x IMV 
7, also showed improved yield when inoculated 

with tile strain NC 92 (Table 30). These results 

suggest a genetic association between cultivar 

Robut 33-1 and strain NC 92. 

Method of inoculation. The conventional 
method of inoculating a legume with Ihizu/,iw 
is by application to tihe seed. HIowcver, ground
nut seeds are fragile. I)irect trcatnie t with the 
inoctulum may harl germination. Also, there 

are problems of compatibility with seed protec
tant chemicals. We have obscrved that under 
loisture-stress conditions seed inoculation CiIl.. 

inhibit germination. Alternatively. Ihizbilinl 
can be used inva rous granular formuilationoi or 

as peat water suspension (liquid). I"Cat-coated 
sand placed below the seed (granUlar form) inhi-
bited germination (lable 32). At ICRISAi we 
obtained the best results by adding Rhizohliunr 
dircct l, to tie soil as a liquid formulation (Table 
29). '[his can be done by mixing the peat contain-
line, :hi/obia in water and pouring tile' nlixture 

ito irrow before sowing (tig. l t 

Effects of Rhizobium population. In an cxper-

ilent condllucted in tei glasshouse, we studied 

the number of rhi/obia required to produce 

nmximum noduiltion and nitrogen fixation. We 

found that grotindntt required a minimumI1 of'l" 

Table 32. Effect of method of inoculation on percen-
(age germinatiol of groundnut, 1980/81. 

(till In 1 Ii 7 
1.- i m -+ t it % 98 79 


III w;lill i (;,,rmllh
73' , 

:1.1SV f:1. 
CV (1101 

,I<','lV ?T 

I()' rhizobia/ seed for maximun nodulation and 

nitrogen fixation (Table 33, Fig. 7). We are cur
rently determining the minimum Rhizo/nim 

population required for inoculation tinder field 

conditions. 

" 

. . 
3." . , '+ 

k IV 

,,
 
.
 

.. r
 
'
 

" I" 
."" 

" ' : .,' ; +' Lw . . 

:, ' . r 

Figure 6. A sini)le )roce(lure It inoculetc ground

iot. The peat contining rhimia is mix d with 

miler and addlrd in the furrows htefore sowing. 

(
 
.....0 ,tr , . . ,t 10.' 

' / 

ligore, 7. .N1ore noolvts ert Formned .is the number 
of rlii/ohia mi~msirncreaised (102. if, 10' cell/seed in 

spvcimensjll mho'T).shoi 
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Table 33. Effect of Rhizobium population on nitrogen fixation (mg N/plant) in glasshouse at ICRISAT Center. 

Int'ul ation level l{-btt :33-1 TM V 2
 
(tRhizobium cells/ 
 Strilin Strain 

stee)" 5n/70 N(' 92 5a/70 N C 92 

2.7 x 102 23 25 19 
10' 

17
2.7 x 41 23 28 29
2.7 x to 60 45 63 37
2.7 x lo" 61 64 46 

CV 3%)0 

a. Standarderror for comparing inoculution I.VetS within 11cutltivr mid U/hizobium strain is± 5.9. 

'Table 34. Nitrogenase activity (m mol/plant per br) of 15 groundnut germplasm lines during two rainy and two 
postrainy seasons at ICRISAT ('enter. 

Rainy seltstll Pestrniny seasonC ulliv r 1978 1979 1977/78 1978/79 Mean 

NC Ac 2821 117 67 't 86 87
 
Ali 514.1 114 66 28 
 77 71NC At' 2654 85 55 52 117 70 
t',,I~hi 1 101 51 32 84 67

Ah 8254 
 91 47 39 84 65 

N C A c 1303 97 62 29 69 65
It 171 89 16 43 73 63

N U Ac 2600 97 51 34 61 61
Ali 3277 91 16 27 77 60 
T(; 17 86 53 31 66 59 

All 3275 87 '18 25 6G 58

Argceet ile 
 73 47 ,11 61 56

NC Ac 888 
 78 37 32 69 54NC Ac 4,195 76 13 28 63 53 
N(C A' 516 69 37 33 65 49 

st': 1 9.,1 5.6 6.8 3.8
C(' e 18 19 20 11 

Screening Germplasm nitrogenase activity (as measured by acetylenefor Nitrogenase Activity reduction) were observed among the lines. A 
Virginia cultivar, NC Ac 2821. ranked highest in 
mican nitrogenase aciivity (lable 34). Interest-We screened several germplasm lines for nitroge- ingly, a cross between NC Ac 2821 and Robut 

nase activity during two rainy (1978 and 1979) 33-1 has resulted in high-yield ing progenies (see
and two postrainy (1977 78 and 1978:79) sea- IIN'brd.tls in Plant Improvement section below).
soils. These experiments were conducted at 75 [his suggests the possibility of increasing yield
cm between-rw and 15 cm within-row plant pofential by incorporating high nitrogen-f'xing
spacings. I.a.ge differences in nodulation and 1i1oLs in the breeding program. 
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Effect of Depth of Sowing 

In our field surveys we observed that many 

farmers practice deep sowing to make use of 

residual moisture for germination. This results 

in the development of an elongated hypocotyl 
and poor rooting, and therefore poor nodula-

tion. Though the deep-sowing saves some irriga-

A. Swing dlpth. :1 'I cm

10 

-

It..S ,ing d'pth, 7 H -III
 
'120)
 

:-. ,1() 

77 ._. 

C. ,Sow,,ing 14,'l0th, 10-1:1 cm 

111"
 

'10~ 

C. "" 

tion water, the resulting loss of nitrogea fixation 
may be substantial, especially among Spanish 
cultivars. Hypocotyl nodulation contributes 

substantially to the nitrogen fixation of the deep

sown crop. For example, in a deep-sown Virgi

nia cultivar, Kadiri 71-1, hypocotyl nodules 

contributed around 50% of the nitrogenase 
activity at 70 days after planting (Fig. 8). We 

SlI 

40 dnys ft,.r planting 70 (day s after planting 

Figure 8. Effect of sowing depth on nitrogen fixation of groundnut. Shaded areas represent nitrogenase activity of 

hypocotyl nodules. 
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observed, however, that most of' the Spa nish bited poor efficiency inutilizing soil nitrogen 
types lack tie ability to noduilate on the hypo- ( Figs. 9 and 10). The dry matterand seed yield of 
cotyl. As indicated in Figure X,the Spanish (NC
Ac 529, NC Ac 7-) and the Valencia (MI,Lid 
(;a nga lpuri) types were more severely affected by
 
increased depths than were the Virginiai types (NI
and 71-1).U3. NC"Ac 1(). Kadlir Ifhyvpoctotyl ,J 

ritdulation were incorporated into Spanish
 
types, this .muld be bcnelicial where deep sowing
 
is practiced.
 

Studies on Nonnodulating Groundnut 

Response to fertilizer nitrogen and estimaition (if 
nitrogen fixation. I)iuring the 1980,8 1 post
rainy and 1981 rtilny seasons, we studied tile IG00k' N200 I..q0Ni 
response of a.nolillodulating groundnut line to Figure t0. lesponse of a nonnoduliting line to fer
fcrtilli/er nitrogen application. This line exhi- tilier nitrogen. 

200 - til ai easaii Raiyv Selasill 

P]1i259717 

A Nonntdulating line 

X~ t50 

Iii 

50
 

1!,01i 2.l0 36011 0 120..{ 2,10 :iG0l 

addc 

Figure 9. Respose of inodulating (111259747) and a nonnodulating line to ferilizer nitrogen. 

'-riliIzvr niitig, icn kgi tl I'u'lilizer nitrogena adted (ikg/til) 
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such lilies dlid niot equa',l thalt 01,la odulating crop 

even when 400 kg N) ha was applied. A nlod i

lated crop meets most of its nitrogen require

nents from the atmosphere by virtue of its 

nitrogen-fixing ability and the rest from the soil 

titrogen. The nannodulating crop depends 

solely on soil nitrogen. Thus noiinodiilating lines 

serve isat usteful tool for estimating tilecan 

nlit roge n lixed bV a iiodtla tCd Crop
 

Ihle nitrogen lijxedl by different culfivars. as
 

estimated b\ this litieicltial ncthod, is shown
 

in [able 35. P1 259747 Iixed more nitrogen dor

ing the postiainV scason (145 kg N h;a) than iil
 

aminy sceason (X9 kg N hal.1his is probably
the 

(flie to the longer growing period in the postrainy
 

season. t'nlikc P1 259747. Robmt 33-1 and NC 17
 

are susceptible to lust ((or details see ('RISAT t
 
Annual Repolt 1979 8 .pp 152-1531: hence the
 

cultivlrs in
estimated nit rogoel I ixed h\ these mt,,o 


tle ramNy season a\is iiwh1at %%ouldbe
tlosscr than 


expected undcl discase-fIc, condition,.
 

Grafting studies. Reciprocal Igrafts \\crc made 

on nodulatitng a 	 nd loiu lating stocks. A k
 
glo'il\ a inod ulitng
nitilodtlatiig scion l! oI 


stock \\as induced to ollll rots Ilicsc roots
 

failed to nioduilait illspite of the presence of a
 

noditicdtloot on the stock (FIig, II). ()n the
 

oilier hand M clin the nodulating scion gro wing
 
giurv It. NodulitiniI and nonnodulting roots ;;I 

ol I iioiinollatiig stock prodlced roits, tile\ 
Roots originating from tile iiod11 the sant planil. 	 no 

o el idod ile. I his 1mdliCM Cs litltriansloCatld 	 ,,ileorigini noduls 
,do not i il ice nodulc i lotoill ulating scion did not Iw r 

Co mplllotllls 	 indicaties
by the nal slock IN( 171 sas nodul:ti g.Arrmo 


and the aibility to nodultc is goencd 

)(0,itionIiof tile graft. 

tielte oot cells (for dctails of genetics ofgenollo 


itI( RISA (enter, 1980/81.
ile 35. i.Estimanited nilrogen fixed In grounnmiut cultiinrs 


. ilrn,g--ifixi'd
(XI1l',go-1i h;%r'v llcd 

1 iii 
5 17  I , 1i;1) 	 lt,,Iui313-1 NC 17 

111 2 9!
7 - lk,,It i I NC' IT *,,iim,duhiting Ill2159747 

1il39
II',,inj , (19S/ll 

[ 5	 (18
'' 89! (17

I'rt{ttotitiiSy I t89 18i1/H S8 89t(I!I8l) I (III 

l M dll$'s lifter 
s ni'te~rpitin g duri ngill .tnllisc i modthc. imslri
d
(I. Thf p l wais hnirvstiid I-M~.II 

~l
t .
lalil gi durilng thv, roli,,\ 
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nonnodulation see Nigam et al., 1980, listed in 1979/80). The cross NC 17 x PI 259747 was 
"Publications"). repeated and the final experiment consisted of 

parents, Fi reciprocals, F2 reciprocals, and BC 
Root hairs: presence and absence. In ground- and BC2 reciprocals. Based on the segregation in 
nut, root hairs and nodules occur only when the F,generation and the behavior of backcross 
thLfe are lateral roots. The rhizobia enter the progenies, it was confirmed that the expression 
root at the base of the root hair. Our preliminary of' nonnodulation is governed by two duplicate 
observations have shown that nonnodulating recessive genes. 
lines lack root hairs (Fig. 12). We are confirming 
this observation by crossing 131 259747 and NC Development of isogenic lines. We Lire devel
17, hut it seems likely that tlie absence of root oping nonnodulating near-isogenic lines of the 
hair is the cuse of nonnoduation in parent line NC 17 ii a backcrossingprcgrarn. At 
grou nd nuts. present wc have 87.5% of the NC 17 gene corn

plenient and have identified nonnodulating
Genetics of nonnodulation. This year we con- plants similar to NC 17. 
firmed our earlier observations on the genetics of 
nonnodulation (ICRISAT Annual Report Nonnodulating groundnut lines. So far, we 

have stabilized 34 nonnodulating lines (26 from 
NC 17 x P1 259747 and 8 from Shantung Ku 
No.203 x P!259747). These lines vary in branch
ing habit and seed and pod characteristics. 

Drought 

Timing and Intensity of Drought 
In a cooperative experiment with the agroclima
tology, soil physics, and land and water mana6,%
ment sections ,four Farming Systems Research 
Program, we examined the effects of timing and 
intensity of drought on the growth and develop
ment of the variety Robut 33-1. Growth and 
development were recorded by growth analysis. 
The final yields were greatest where the crop had 
experienced water stress during lhe preflowering 
stage (Fig. 13). This increased yield occurred 
because of a change in the distribution ofgrowth 
between vegetative and reproductive compo
nents in response to the early stress. 

Effects of Drought on Populations 
We grew groundnuts in a wide range of popula-

Figure 12. Root hairs on theijtnction of lateral roots tions in a square pattern arrangenent of a syste
of a nodulating cullivar (PI 259747). The noninodu- natic design. [),-ought was created by 
l[ning line (right) groni under similr conditions did withh!ding water at different stages of crop 
not prodloce root hairs. growth (Table 36). 
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A Neinn of intensities for time 

9 Intensity 

40t0-4oA 

360) 

34 

:320 

300-A 

a 280 

260 
• 

P. 220 

. 2o00 
5 	 180 

1w0 
140 

120 -A 

100 
80 

60 
40 -r-T--r 

sl s2 s 3 
lPreflowering 

Ain 

ISE 
IS' 

Control 

0 

-r- ---rF 

srdutv GrS go w 
Rproductive ;roin growth 

~estohl ishnecot 

Timing of wiiter stress 

S =mnildi stress, S. "=intvrmeliIti) stress, 

S3 = severe siress. 
A= SE for colmorison o f intensitystressof' stress.within linios 

BSlE for thv! conmarison of tinie of 

stress rmetans. 

Figure 13. The effect of time and intensity of drought 
on the yield of Robut 33-1. 

Yields were izot obtained in 	 treatment D3 

because the drought stress induced very severe 
pod rotting. The yie lds achieved by Robut 33-1 

different populati~ts for treatments, DO, Dl, 
and D2 are shown in Fig. !4. In the well watered 

treatment (DO) yield incv'ased rapidly at 

populations between 2 and 8 vlants/m 2, after 

which the data from each popuiation were too 

variable to allow any definite conclusion. How

ever, there was little change in yield at popula

tiors between 10 and 26 plants/m'. In the DI 
and D2 treatments high populations resulted i0 
decreased yield; the optimum populations were 

between 10 and 16 plants/n12 for D2. 
Fhese stress conditions were extreme, and 

further experimLnts are under way to study the 

responses under less severe conditions. 

Drought Screening 

In a preliminary screening exercise we subjected 
81 lines of groundnuts to the same patterns of 
stress as our systematic population trials (Table 
36). 

During stress and after the release of stress, 

crop canopy temperatures, leaf damage, and 

regrowth were recorded. When the crop was 

watered to allow harvesting, extremely rapid 
pod rotting occurred in many of the lines where 

stress had occurred only in tile preceding 30 days 

(treatment D3). The extent of pod rot was 

recorded by the pathologists and the II lines 

showing least damage were noted. Generally, 

Table 36. Timing and duration of drought stress in groundnut at ICRISAT (enter, 1980/81. 

a 
Treotmient No,. l'reflowering Flowering Pod 	 settin g Grain growth 

W1)o (control) W W 	 W 
) D1)1 	 W I) 

W W 1) 1)D2 
1)3 W W W D 

24 ,Jan 1981 23 Feb 1981 22 Mar 1981Ciildeninr (hire of stnrl I1 IDec 1980 

,l nta. 	 70 1111 ofi rnin pre venteld full devlo )( of stress. 

W Irrigteld eviry 7-10 (inys to, ri plivnisih woter. 

) = Irrignl(td with 70 mn11 w otoer vvry 30 doys. 
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* Control 1)0 (A) y -5.66 + 135:3.6 x 95.6 x2 r 2 = 0.99 
(I) y 3756.9 + 200.3x - 4.5 x 2 r2=0.50 

Y 0 Stress 1)1 y=733.4 + 115.8 x -32 x' r 2=0.95 
7000-

A Stress 1)2 y -5,11.1 - 107.8 x -3.8 x 2 r2=:0.89 

6000-* 

5000- 13 

50000 

'-. .1)00 .
tL 

~A 

200)1

04p;2 16 2) 2') 28 

Pt 1 112 

Figure 14. The effects of droughts on the yield achieved by cv Robut 33-1 grown at different densities. 

lines with a runner habit and those of the Valen- L.ines that were not severely damaged by the 
cia subspecies were most susceptible to this caterpillar attack were: NC Ac 2692, S-I, EC 
damage. 109271 (53-437), PI 259747, .Ii-335 x Robut 

A severe infestation of tobacco caterpillar 33-1, and Robut 33-1. 
(Spodoptera litura) occurred and proved diffi- Water stress at all stages significantly reduced 
cult to control. This confounded the effects of yield; however, the varieties responded differ
drought by causing differential defoliation. ently to different types of stress, indicating that 

http:r2=:0.89


S-7-2-8 

192 Grunnua 

time of stress should be given greater attention in 
future screening exercise:.. The pod yields 
achieved by the best five lines in each drought 
treatment are shown in Table 37. 

Shelling percentage varied considerably from 
cultivar to cultivar in the dry treatments. Some 
varieties were able to achieve nearly normal pod 
filling in the drought, while the average of all 81 
cultivars was 45(' of the control (Table 38). 

The kernel yields resulting from the varying 
responses of pod effects and shelling percentages 
result in different cultivars emerging as best 
(Table 39). 

Plant Improvement 
Breeding for High Yield and Quality 

We continued our efforts to generate base mate-
rial with high yield potential for pest and disease 
resistance breeding programs and for areas of 

Table 37. Pod yields of the best five cultivars in drought 

DO 

(C utIIi v i r 

Virgiii bunclh 
ex-urannh 

Ali 7702 

NC Ac 4 

,J11 335 x 
Ratult 3:3-1 

SK, ± 

Ni,,cn of 8 1 
cultivars 

SE'± 

Totit I ,ta lI 

poll\Id wt
(g ) / l ] . ( u l t iv r ( g ) / pIl . 

,t().() G;A 2(07-:1 x 9.5 
IR.,,I t 33-1 

39.2 NU Av 5 8.8 

35.2 NC Ac 23 8..1 

34.9 F,'-109271 8.3 1ll 
(55-437) 

34.8 StIlmit 8.1 

1.67 

24.7 4.4
(1.,t!) 

the world where these and other constraints are
 
not prevalent, or where protective measures are
 
routinely taken. We yield tested large quantities
 
of breeding material carried over from previous
 
seasons; only selected results are presented here.
 
New crosses were also madeduring 1980/81,and
 
promising selections were advanced -largely by
 
bulk pedigree methods, though some single
plant selections were also made. Yield trials were
 
conducted in th,: rainy season under protected
 
high-fertility conditions and also under nonpro
tected low-fertility conditions at ICR ISAT Cen
ter. Off-station trials were conducted at
 
Dharwar (Karnataka) and Anantapur (Andhra
 
Pradesh) in India. In the 1980/81 postrainy sea
son many of the trials were conducted on 150-cm
 
broadbeds, instead of on 60-cm or 75-cm ridges.
 
The broadbed-and-furrow system allowed us to
 

red uce the interrow spacing and plant four rows
 
per bed. In general, yields were considerably
 
improved under this system.
 

treatments at ICRISAT Center, 1980/81. 

D12 ill 
l
To,ild T o tai; 

pl wI b pod wi 
( 'i l l Ii v n r ( g ) / pil . ( ' ,ul iv ir ( g ) / I l . 

.6 
J11 335 x 12.6 JHl 335 x 20' 

Roqbl 33- l li t 3"3 1 

28-206 \ 11.8 NC Ac 2:1 19.5 
Rlllmt 33-1 

Mimaifrodi 11.3 a.obit 33-1 17.3 
XM-13 

113 11.2 X4t)-X-X-3-1 15.9 
x Rlobut 33-1 

TMIV 2 11 2 28-200 x 15.7 
Rhnit 33-1 

4.7 5.9
 

a. I) ntnl ilplele dIue to pod rotting, so stalislic.il it llvsis was not atenipted. 

b. Cltivars that survived thelid rot ad wnter stress. 

http:stalislic.il
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Table 38. Shelling percentage of the best five cultivars from each offour drought treatments at ICRISAT Center, 
1980/81. 

1 0 1)1 	 D2 )3 a 
ShelliIfg 	 Shellig Shelli . . . ...Shelling

(ultivr )ercentge Cultivar pere ent1ge' Cultivar percent Ige (ultivar percenige 

,Ill 107 76.6 IPI 259,17 69.4 JII 107 67.) Jill113 69.6 
Argentine, 75.2 Shuhunti ()4.7 28-206 x 66,0 NC Ac 2692 68.8 

lohut :33-1 
'l'iofipl 74.9 X,40-X X-3-11 60.8 	 ill 113 65.9 (GA-207-3 x 66.6 

Robut 33-1
Ah 7289 74.2 IN-1 60.8 Argentine 65.7 USA 20 x 65.5 

TMV 10EU 109271 74.9 :-1 57.4 USA 20 x 62.1 28-'-06 x 62.4 
TMV (0 Robut 33-1 

SJ 1:3.06 
Menn 	 ('81
 

Ciiltivars 67.2 
 33.6 	 36.3 28.7
 
SE 1. 
 2.78 

(I. lilti, Ill't filh 'tv due to pod rotting, so statisticil analysis wns not attelited. 

Table 39. Seed yield from the best five cultivars in each offour drought treatments at ICRISAT Center, 1980/81. 

)0 	 1)1 
 )2 l)3" 
Seed wt Seeci wt Seed wt Seed vt 

('ultivir (g/plant) ('ultivor (g/picilt) (ultivar (g/plnrlt) Cultivar (g/plmnt) 

Ah 7702 27.2 SI..,,oicilh 5.2 JIt:335 x 7.7 Jill335 x 12.4 
IR.ohit 33-1 Rohut 33-1
USA 20 x 25.1 (A 2(07-3 x 5.1 TI\MV 7 7.3 Robut 33-1 
 10.6 

TMV 10 Rolcut 33-1 
59- 127 25 :3 N' Ac 1672 4.8 Manf'redi x 6.9 28-206 x 10.0 

M 1:3 Robu t :33-1
N C Ac '1 24.6 USA 20 x 3.7 Argentine. 6.9 X40 - X-X-3-13 9.4
 

'IMV-It) 
 x Robut .33-1 
S-7-2-8 24.9 Nt: Ac 23 3.6 28-206 x 6.4 Tifspc1 9.1 

Roh(ih3:3-1 
SE + 3. 14
 
Meciii ot' 81
 
ciutivlrs 16.4 1.7 	 2.4 3.4
 

SI: 1 
 0.69 

u. S'v'ere lice! rot dallnccgedl the ir'itillnl'nt, -oI stintistcil aii aI sis wins not oltelipted. 
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Natural hybrids. The high-yielding cultivar 

Robut 33-1, which probably originated as a nat-

ural cross, shows considerable variation. Prom
ising selections have been made from this 

cultivar (ICRISAT Annual Report 1979/80, p 

131) and entered into national trials. Under 
high-fertility conditions at ICRISAT Center in 
the 1980 rainy season, selection 18-8-BI-BI-BI 

was the highest yielder and was superior ti 
, .1I.Robut 33-1 and the national Spanish cl 

Fourteen other selections also outyielded J I1. 

Under low-fertility conditions, with no supple-

mentary irrigation, yields were much lower, and 

selection 7-4-BI-BI-BI significantly outyielded 
both Robut 33-1 and .1 I1.At Dharwar another 

selection, 7-6-BI-BI-BI. significantly outyielded 
Robut 33-1 and .111. The top seven selections in 

each trial are listed in Table 40. Selection 7-4-131 
BI-131, which yielded well at ICRISAT Center 

under high-fertility conditions, did not perform 

well under low-fertility rainfed conditions either 
at Dharwar oral ICRISATCenter. On theother 

hand, selection 7-6-111-131-1B1 appeared promis-

ing in all of the 1980 rainy-season trials. 
In the 1980, 81 postrainy season this trial was 

conducted on broadbeds, and selection 24-16-

Table 40. Robut 33-1 natural hybrid trials at ICRISAT Center and Dharwar, 1980 rainy season. 

1i gh fert iIi ty 

Selection 

18-8-111-111-111 


24-16-1B I-H I- l 
7-6- -1 -l 

18-17-Ill-Il-Il 
I_ _11-l.,Ill11992 

50-1.111-HI-I 

27-20.1,1--ll I 


,J 11 (check) 

H(( 1(111313-1 (chIeck) 


SI1:_
CV 10) 

IW(RISAT ('ener 
I,0w fert iiityY d Yi l.IYi l(. 


(kgl/ [hait Sulectill 

216:3 
2025 
2005 
200,1 

1991 
1972 

1002 
1761 

109.712.7 

7- -II- Il-Ill 
13 6-1Il-I-1Il 
1 1-7-l1 Il-111 
11- l-Ill-I 1l 
10-3-,Il-Il-Il 

7-6-Ill-Ill-Ill 
1-l- ll-Ill 

BI-BI-BI-BI significantly outyielded all checks 

(Table 41). The two top selections in the trial 

Table 41. Robut 33-1 natural hybrid trialat iCRISAT 
Center, 1980/81 postrainy season. 

vl till 

24- 16-11-BI-I-l 1 
18-8-111-0-B 1-11 
1-5-111-IB 1-1l1 -B]1
18-17-ill 1-1-1-1311 
21-11-IHI-,I-I-M-I1 


11 -15-H 1-131-13-01 

27-2)1-1-B- 1-131 
I-,1-111-1-I 1-H1 
10-3-10-11t-131-BI 
50-1-1I-lBI-MI-I1l 
,J II (check) 


Robut 33-1 (check) 

M 13 (check) 


SH + 

V M% 


(kg!li 


116 


905 
887 
878 
871 

865 
859 

357 
78:1 


43.'211.6 

lhMirwnr 

R( ifl rd)" 


Stelection 

7-6-BIl-WI-Ill 
13-6-111-1 1 
7-4-Il-Il-I1l 
501.Il,-I-I 
24- 11-I1-Ill-I l 

11-7-I-1Il-1l 
27-20- I -Il-Il 

Yied

(kg/ Ii) 

6498 
6066 
5963 
5935 
5808 
5720 

5699 
5129 
5255 
5250 

4422
 
5346
 
2948
 

355.5 
16.7 

Y ie(Id
 

ui(kg/h! 


2366 
2079 
1997 
1994 
1980 

1980 
1759 

1492 
1577 

179.1
19.8 
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were also the highest yielders in the 1980 rainy-
seasofi trial under high-fertility conditions. 

-, CD1,8 
M-oo I- M 

C M 
LiMI 

Dt- .0 .,-
O r- , -

tt2 0, 

The trials were repeated in the 1981 rainy 
season at ICRISAT Center (high and low fertil- . 
ity), Dharwar, and Anantapur(Table 42). Yields 
were again high (over 5000 kg/ha) under high
fertility conditions at ICRISAT Center. At 
Anantapur the check Spanish cultivar, J I1, was M 
the highest yielder. Four selections were among
the top five in yield across sites, and many Iad 

M 

yielded well in previous trials. a CI , " '-

Hybrids, The material derived from the -L , 
totoI 10 -

MO I'- r'-I - - - -
0 

- to 
0 C1 

= r -
to

hybridization program at ICRISAT was also 
yield tested after several years of selection and 
advancement. Trials were conducted in all three 5 
seasons tinder report. In the 1980/81 postrainy 
season we again used the broadbed-and-furrow 

", ' 
,-

" 
,

system and obtained thie hibhest yields so far :n, 

achieved at ICRISAT Center, over 7000 kg:ha - -i 

(Table 43). The first seven advanced breeding 
lines in this trial had Robut 33-1 as one of the 4 

parents, and six of the seven had an exotic cul
tivar. NC Ac 2821, as the other parent. '[he 
parent NC Ac 2821 has been identified as having 
a very good ability to fix nitrogen. AlP of the top 
eight (ultivars had previously performed well in 

-Cl-
C cc CO 

to 00 
_( 

0 
M 
t:o 0 

the 1980 rainy season in a 7x7 lattice yield trial E 
conducted at ICRISAT Center and Dharwar. LO 

In the 1981 rainy season we tested some more -

selections at ICRISAT Center (high and low 5, , 
fertility) and l)hi.rwar. Under high fertility - 55 "
(MGS8 x Robut 33-1) F2-2-F31 N1-13I-131F-B I 
1I significantly outvielded (4972 kg/ ha)i all the Oo 

, 
04 

checks (Robut 33-1, 3t)5 kg' ha). Under rainfed - - - -
conditions M 13, a long-season cultivar, was the
highest yielder (1609 kgiha), followed by . 4 to - = 0 M M C'i,C-. 

(Argentine x Chico) F2-P2-BI NI-1-BI-Pi I-Pi. 
Both these cultivars significantly outyielded 
Robut 33-1. At IDharwar .1 11 had the highest -
yield (1854 kg ha), followed by (MK 374 x -
Robut 33-1) F2-PI-131-BI-132NI-BI-BI, which , 
was among one 
locations. 

of the top five yielders at all 
-

- , 
-1,-5 

The best selections from the many trials con- " CA 

ducted were assigned ICGS numbers bcore I'' l,. " 
entering into national and international trials. r,-, .l I A C0', " 
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Table 43. High yield and quality yield trial at ICRI- ual moisture (after a rice crop for example) to 

SAT Center, 1980/81 postrainy season. grow a short-duration legume crop. Two short
durr.tion Spanish cultivars, Chico and 91176, are 

tly.s hi Yield being used extensively in our breeding program. 
Sel .c, n mat urit k g/hl) Both are typical Spanish cultivars and lack seed 

(lobttt 33-1 N( \c 2698) 11.1 7128 dormancy. They will sprout in the ground if 
t,2-i- I i1-It-II1 there is sufficient soil moisture when they reach 

t. hut :33-1 x N(C Ac 2821) 1-48 7127 maturity. In conjunction with ICRISAT physi-
I'2-P 1-I11-It -Il--111-I1 ologists, we are examining early-maturing, 

,
Rl"2 3-1 x NC c 2821) 118 7054 sequentially branched (i.e., Spanish-type) pro-

Robut :33-1 x NC Ac 2821) 1l 6671 genies of Spanish x Virginia crosses for the pres
"2-It3-l -It-11 Itt-l- -I ence of seed dormancy. Virginia cultivars show a 

(Robin :18-1 NC 1,18 6600 markedx \, 2821) seed dormancy period after physiologi-
V2-14-It1-11 -I) 1-11-Itt cal maturity. 

( hut :1:3-1 x N(' .\c 2821) 1.t1 6t914 
I,2_I,2_ItItIIII.~ Breeding for earliness. During the period 1980 

U6 IM t 33- 1 N N(' Ac 28 21) 1,17 G 176 to 1981 we advanced 16 single-plant selections 
I 2-1It-It 1-It1-It t-It 1 and over 3000 bulk selections. Our main selec

((Gl di I x Fli"ziur 1-;-) 1:,2 6079 tion criterion was early flowering, and we identi
1"2-1 tI-H2-1tI-t1-I- I1 fied a number of crosses that flowered earlier 
((I i11t x IIptir 1-5) 1:1 604 than the Spanish or Virginia parent. Other mate

(M(;S 9 x 2-5) 1:32 6(006 rials that showed ca rly-nat uring characteristics, 
I 2-It;t1- t-Itt -It 

, I- It 1-Il particularly from the project dealing with high 
yield and quality, were also transferrcd to this 

(N(' .\c 27,11 x TMV 2) 1:12 5947 project. Similarly, breeding lines from the earli-I"2-11 3-1t I-I -1- 11I1-IM 

Slb Ih3 :t:t-1 x NU At 2821) 1:37 5927 ness project that were high yielding but not early 
I,:1'2-P5-.I-I I-I _ . 1 were transferred to the high yield and quality 

(Argetnin, x NC A(- 2158) 1:32 5891 project. 
I'2- H2-1 t2-I I-I-It -I11 In the 1981 rainy season we yield tested 10 

T'l11fspni x N) \c 291t) 1:12 5831 breeding lines and four checks under high
2-I-ITi 1)-iI-i 1-116.1 fertility conditions at ICR ISAT Center, and the(.11II N 1To;3) 13 2 57641 

I,2-It-I-It2-_1-I -1_1,1 results of some of these are shown in Table 44. 
(IlSA 20 x TMV It)) 1.18 5724 Yields were not significantly different, but there 

I'2-13-It2-i I-It I -I- were significant differences between maturity 
dates (Table 44). Although Chico is early matur

1118 5067 ing, it is very smiall seeded and commercially1 Itl 33t (clitecO 
unacceptable. From the results it appears, how-

I.± 18,1.9 ever, that lines can be selected that are approxi
:v ( 7.8 mately equal to Chico in maturity but have a 

__ ........ seed siue equal to, or exceeding, the commercial 
checks J L 24 and .111. The selection (1)h 3-20 x 
Chico) F2-13 I-BI-I1-EI I-B I appears promising 
in this respect. 

Earliness and Dormancy Dormancy screening. The strategy of breeding 

We arc developing early-maturing cultivars for for earlier maturity of varieties to improve the 
areas where the rainy season is of short duration, coincidence of crop life with greater probabili
and also forareas where there is sufficient resid- ties of rainfall has been a traditional approach 
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Table 44. Yield trial of early-maturing breeding lines at ICRISAT Center, 1981 rainy season. 

Yield 
Stlectiols (kg/hIl ) 

(TMV 7 x (hieo) '1497 
12-1'8-131-I-EBI-12-HI
 

J1, 2.1 
 44 23 

(,Ill 8) x Chico) 
 4356 


F'2- ItI-NI It I-I, 1 2-I I
 
(Mh 3-20 , 'hico) 1293 


I"2-1I1-ll-ItI-EIT I-IjI

(75-2-1 x t hi, 
 :)3725 

F2-;, 2-E:H12-1,I I (1R

.9117611 
 4185 
(hic',o" 4176 
.1I 1 (.Stoii.l ch,.ltk) 1296 

S: 1 '31.1.9 

C N ( 12.5 

a. I':ary-maturing Spitmish parents. 

for increasing yield and yield stability. However, 
this strategy also increases the probabilities of 
rain on the crop at or after maturity, and since 
the current known sources of early maturityalso 
have nondormant seeds, this policy can result in 
increa!.d spoilage of the crop. Therefore we 
initiated a program to identify methods of 
screening for dormancy and, if possible, identify 
dormancy from within pa ulations derived from 
early nondormant types crossed with dormant 
long-season typcs. 

We collectd 180 lines from the K,, F,, and s 
populations. Using only seed from sequentially 
branching plants (i.e., Spanish types) we tested 
this material for germination after drying it for I 
week. To test seed viabili, and dormancy, a 
comparison was made between germination of 
seeds watered with distilled water or with a 
0.001% ethrel solution. Ethrel breaks dormancy 
in groundnuts by the release of ethylene gas. 

Of the material tested, seed from four lines did 
not germinate in water after 15 days, while in all 
cases the ethrel-treated seed achieved 100% ger-

Days to Shelling 100-kernel 
nizturity %) weight (g) 

88 74 34.0 

88 76 37.4 
90 78 36.2 

84 76 38.2 

84 80 28.4 

86 78 36.3 
86 76 27.8 
90 78 32.8 

1.4 

2.8 

mination within 2-3 days. The four lines that did 
not germinate in water were Dh 3-20 x Robut 
33-1 (F), Kadiri 71-1 x Gangapuri (F7).TM V 10 
x Chico (K,), and Shulamit x Chico (F ). 

To evaluate the test method and confirm the 
results obtained, we sowed seeds from the four 
lines and from the standard dormant and non
dormant lines in the 1981 rainy season and tested 
for dormancy of fresh and cured seed at weekly
intervals from maturity. The test lines showed 
segregation for branching habit, and these types 
w,'ere separately tested. 

A low level of fresh seed dormancy, which was 
broken by seed drying, was found in the nondor
mant control variety TMV 2, indicating the con
fusion that can arise from testing uncured seed. 

When cured seed from the foar lines was 
tested, sonic 20r of seeds showed good germina
tion, while the remaining seeds did not germi
nate for 20 days. This variation may be due to 
continued segregation for dormancy, and single
plant selections will have to be made for further 
investigation. 
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Utilization of Wild Species 

We continued to assemble wild species germ

plasm, to screen it for characters that could be of 
use to breeders, and to cross selected species with 
A. hlvpogaea. Some species can be crossed read

ily and genes transferred to A. hypogaea by a 

number of routes. These species, and their 

hybrids, were analyzed cytologically to deter-

mine the best routes for transfer of genes. Other 

species cannot be readily crossed with A. hvpo-

gaea, and we continued our efforts to cross these 

incompatible species, usi:ig phytohormones and 

tissue culture techniques. 

The Indian Plant Quarantine Service released 99 

new accessions to us between June 1980 and 

when our stocks consisted of 41December 1981, 
accessions of 17 named species, 53 accessions of 

41 unnamed species, and 69 accessions whose 
speciestaxonomic status is not known. Wild 

records are maintained in the computer, listing 

relevant accession data, taxonomic data, collec-

tion data, and all known code numbers and syn-

onyms for the accession. Copies of this file, 

which has been sorted by Collector Number, 

Plant Introduction Number, and by latitudeand 

longitude, have been provided to collaborators. 

We grew the wild species in the field for multi-

plication and disease assessment in the 1980 and 
1981 rainy seasons. Accessions with few seeds 

were sown in trays for out-of-season increase to 

build up stocks. Rhionmatous wild species were 

grown in large concrete containers. 
Seed of wild species (138 samples) was sup-

plied to 10 scientists in 7 countries, and 7 scient-
ists in India. Rhizonatous cuttings were 

supplied to two scientists in two countries. 
The species of the section Rhizomatosae 

grown in concrete containers flowered profusely
in February 1981 and produced many pegs and 

some pods; pegs and pods in this section had not 

been observed previously at ICR ISAT,and pegs 

and immature pods had been observed only 

rarely elsewhere. Pegs were observed in 30 acces-

sions, and mature pods were harvested from 22 

of these. 

Interspecific Breeding 
Tripoid Route 

Hybridization. All eight available diploid spe

cies in section Arachis have now been crossed 

with at least four cultivars of A. hyvlogaea. Seeds 

were obtained in 39 combinations using A. 

hypogaea as female parent (Table 45). Triploid 

hybrids representing I I different combinations 

were analyzed cytologically (Tables 46 and 47). 

The chromosome association in the different tri

ploid hybrids did not differ significantly with 

regard to number of bivalents formed. A. hypo

gaea x A. hatizocoi hybrids had a lower unival
ent frequency and a higher trivalent frequency 

(Table 46), indicating a close genetic affinity 

between A. hjyogaea and A. hatizocoi, com

pared to other diploid species of section Arachis. 

We triploidColchicine treatment. treated 

hybrid seedlings with colchicine solution (0.25% 

or 0.35%/0). The hexaploids were fertile and gave 

Ipto 200 pods per plant. We will screen these 

hexaploids and backcross the selected ones to A. 

hyp)ogaea.
 

Backcrossing. The hexaploids, and the pro

genies with variable numbers of chromosomes 

(50-60) obtained from the selfed seeds of some 

triploids, were backcrossed to different early

maturing and productive cultivars. In all, we 

carried out 3385 pollinations in BCI, BC2, and 

IC generations and obtained 424 pods. Crossa
pegs per 100 pollinability ranged from 6 to 21 

tions. The resultant progenies had from 40 to 50 
the plantschromosomes. The pentaploids and 

with chromosome numbers between 40 and 50 

had variable pollen and pod fertility and some of 

them did not flower.
 
Greater emphasis was given to tile
derivatives 

of .4. cardenasiibecause of its resistance poten

tial to late leaf spot, and a few tetraploid deriva

tives were obtained and are being multiplied. 

One of these tetraploid derivatives has shown 

good jassid resistance in preliminary trials. 
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• Autotetraploid Route 

-

-- -

4 oN 

This route has the advantage of doubling the 
gene dose of a desired character, and enabling 
hybridi,ation with A. tI'ogaea at the same 
ploidy level. 

We have produced autotetraploids by colchi
cine treatment of all eight diploid species of sec
tion Arachis. The autotetraploids have larger 

, 
0 

co ,t. 
: F-''ent 

,q 
1- C% N 

leaves and flowers and an irregular meiotic cycle, 
with a high frequency of multivalents and a vari
able number of univalents. The means fordiffer

autotetraploids ranged from 2.4 to 4.7 
quadrivalents and 1.8 to 4.5 univalents. The 
majority of the autotetraploids had reduced fer
tility. Pollen fertility was poor (8.1% - 16.0%), 
except in A. hatizocoi (37%). 

Hybridization. Six autotetraploids were suc
cessfully crossed with different cultivars of A. 

- - , o , 
/w/h)ogaea. The progenies obtained were vigor
ous in growth with intermediate leaf size, and 

.1, with many similarities to A. hypogaea. 

C) 

C1 -
Dbution 

Cytology. We observed that meiosis was irreg
ular in two progenies, but A. hy'pogaea subsp 
fistigiatax A. batizocoi(4x) formed many bival
ents (a mean of 14.08) and showed regular distri

of chromosomes at Al and All. Pollen,pod, and seed fertility were good. Six progenies 

,-
, C.laboratory 

have been established to date. These were tested 
in the field, and all of them were found immune 
to rust. Two progenies were also tested in the

and the field test results were con
firmed (Table 48). 

0Backcrossing. The autotetraploid derivatives 

G 
o 

-

"-

C 

-" 
7, 

' 

Co Ceof 
, 

0z 
, 
" 

_. 
. 

A. hvwogaea crossed with five different spe
cies were backcrossed with different A. hy'po
gaea cultivars, and 93 pods were obtained. They
will be further backcrossed, to stabilize them 
cytologically and genetically, and selected for 
desirable characters. 

0 ~ r 

- = , . Amphiploid Route 

- . "This route has the advantage of combining desir
-. able characters from two different species in an 
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Table 46. Mean chromosomal associations and pollen fertilityin hybrids ofA. hypogaea (4 x) x wild species (2 x)of 

section Arachis. 

Cro 1ps 


A. hypogaea x A. villosa 

A. hypogaea x A. correntino 

A. hNogaea x A. chacoeise 

A. hypo gatvea x 

A. hypo 'a x 

A. h1/iV~i(go.'o x 

A. hIvogaea x 
A. hypol gaa x 

Araehis sp IllIK-410 

A. crdnh1 sii 

A roe/is sp 10038 
A. duraensis 
A. atioeoi 

Mienns ot'different (chroirosovet nssija iols Pollen 

\ V ertilityI II Il 


19
9.12 8.6 1..0,1 0.16 

208.29 9.8 0.56 0.04 
17
9.72 8.6 0.80 0.10 

9.3 9.5 0.50 0.30 	 13 

8
8.44 9.64 0.56 0.16 

10.64 	 7.56 1.32 (.08 11 
187.56 	 9.25 0.95 0.05 

4
4.65 8.91 2.13 0.16 0.04 


Table 47. Mean chromosome associations and polltn fertility in hybrids ofI. hypogaea (4x) x A. cardenasii(2x) 

of section Arachis. 

Cross 


A. hypogaea x A. crdenasii 

(F. 452.4, Floridi) 

A. hypogaa x A. (ardenasii 

(Samnaru- 38 , Nigeria) 
A. havpoga'a x A. eardenasii 
(G. 153, Nigeria)
 

A. hypogaoa x A. eardenasii 
(Robut 33-1, Iniln ) 

1 


9.8 

7.28 


8.40 


8.44 


Table 48. Reaction to rust (Puccinia arachidis) of 
some A. hypogaea autotetraploids and amphiploids 
involving A. batizocoi and their Mi hybrids. 

i -h s 

vCoi)tyi u )isease reniction 

A. liypogaoo 

\ohl :33-1 
'l'ifspin (2 xl 

.z.', 

Chico f Siiititile 
A. hitizoco i 

A. batizooi (4 x) 
4 X)
A. villosa x A. , tiz ,.oi(
 

Til'sil x A. htize,,o (2 x0 No visibiii 


o'hit 313-1 x A. x sy iii)ou 

A ,atiz,,,,,i I x) 

Chiu(, x A. i illosa x A. ,atizo-) 

eoi (it X) 

Mean s ofi fferen. chroitosonie 	 Pollen 

ussociitio)s fertility 

11 111 IV (%) 

9.52 0.36 0 5 

10.68 0.40 0.40 4 

9.40 0.96 0.13 13 

9.64 0.56 0.16 9
 

Fi hybrid, which, by doubling the chromosome 
number, can be crossed with A. h.vpogaea at the 
tetraploid level. With an appropriate combina

tion of species it can provide more potential fot 

recombination between wild and cultivated spe

cies genomes than the autotetraploid route. All 

species were crossed.eight available diploid 

lnterspecific hybrids from the species of the 

same cluster revealed a near-normal chromo
some association with a high mean frequency of 
bivalent.,, ranging from 8.96 to 9.80 per pollen 
mother cell (PMC) (Tables 49 and 50). When A. 

hatizocoi, tileonly member of the other cluster, 

was one of the parents, the hybrid showed highly 

irregular chromosome association and a high 
mean frequency of univalents, ranging from 6.0 
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Table 49. Mean chromosome associations and pollen fertility in intracluster hybrids of diploid species of section 
A rachis. 

Plle n
 
Nlemis of different chromosom issa()Cttiflis fe rtility 

Cross I 1I III IV (,1) 

A. uiiiuse x A. vorrvn tinu 0.40 9.72 	 0.04 85 
A. villosa x Arachis sp 10038 0.29 9.70 	 0.01 71 
A. uilhsu x A. durleonsis 0.64 9.52 	 0.08 75 
A. uillso x A. enrdreuasii 0.73 9.52 0.05 75 
A. 	 ceerrvec imi x .. 'huct '.,e 0.81 9.59 74 

A. corre'itinat x Aruehis sp IlIK-410 0.40 9.80 	 71 
A. currontina x A. ,renasii 0.70 9.55 0.55 	 77
At\rchi.s spIll,K-,4l(x., ch ionas,, 0.63 9.37 91 
Arachis sp 10038 x A. c/hicense. 0.68 8.96 0.04 0.12 i7 
A. 	 durnoensis x A. e/eaeoci s., 0.23 9.16 0.20 0.03 60
 

Arachis sp Ill,K-.110 x Aruchis sp 0.06 9.70 	 0.13 80 
10038 

A. 	 dlueptill is x Arlhis s) 0.52 9.26 0.04 0.02 70
 
llIK-l 10
 

Aruclhis 1pIII,K-,I 10 x 0.63 9.50 0.06 0.03 70 
A. car/('ls(ili 

,raTcfhis sp 10038 x A. (/hrtni',s;s 9.76 	 0.12 74 
.\rtichis sp 1038 x .A.v(rdenlsii 0.96 9.28 0.12 79 
A. 	 doeelicnsis x A. eurdleusii 0.10 9.44 0.24 81 

Table 50. Mean chromosome associations and pollen fertility in reciprocal hybrids of diploid species of section 
A.rachi'. 

1Pol len 

Mes of different chromosoue iiNssocinions fertility 
Cre ss 	 I II [11 IV %) 

A. 	 tills x A. corrontita 0.40 9.72 0.14 85 
R, : iproc/tl 0.40 9.80 84 

A. 	 relle)su x A. duratitisis 0.64 9.52 0.08 75 
,, iproceal I0.72 9.6.1 81 

A. orrentfn x .xrachis,I) IILK-'1 10 0.40 9.80 74
 
lReimr)eil 0.30 9.65 0.38 0.02 71
 

,\ruehis sp llIK-l(1x \rnchis sp 0.06 9.70 0.13 80 
1003.4
 

Receproc al 0.52 9.10 0.21 0.05 68
 
A. butizovieii x A. 'illesa 9.8,t 5.08 4
 

Recipereee 7.22 5.54 0.40 4
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to 10.6 per P MC (Table 51 ). Ilis was reflected in distribution o chlronlosoles was observed it AI 
pollen stainability. Soiie Fi seedlings of the 46 and All (38"'1 and 96' of celis, respect ively). 
diploid hybrid combinations obtained were l*iese progenies have shown inrmunity to rust 
treated with colchicine. Amphiploid plants were under field and laborafor' conditions, a feature 

established in 34 combinations, %iti tie number of both the wild parels ( I able 481. the rest of 

of plants per combination varying from I to 19. the A. hi,,a'a : amuphiphlod prognies shtoved 
Ihe majoit% of tile anliphiploids had large, rying degrees 0I III*egulI:It.,,  M chrm osome 

dark green leaves, prolonged stunted gromth. association(see Iable 52). 
and irregular meiotic cycle, like tile auttotetra
ploids. Only a few combinations produticed a Backcrossing. lwclhe -I. hhwgv'a x amphi
limited number of potds and sees, lhe exception ploid Fi progenies have been backcrossed with 
was tile alphiploid (tf .1.vilho',a x A. bau:o,i Jifferent cultvars of ..I. hi, nyaoga and produced 
(Table 52). \ hics shov, ed thle highst frequency of 197 pods. Iwo BC I progenies have been further 
bivalents (I 8.2) and regular distribution o1f backcrossed with .A. h.vr,,,,pao a to produce 15 
chromosomes in subsequent stages of the meio- and 36 IC.2 pods. In the backcrossing program 
tic cycle. It had at polien lei tilitv of 6(' (lIable priority has been given to cross combinations 
52), along With loLdelrate pod and seed fertilit, that combine resistance to all major patithogens 

of groundnut; for example one 11C2 amphiploid 

If) bridization with .Ihpogaea.hi ()f the 31 dif- derivative iivoles .. corref'lina. .1. cha o'1.e, 

ferent amphiploids established, 22 %kefesuccess- and A-. Cardc.',tJiiparents. \%hiCh contain resins
fully crossed . ith dillcent cultivars of .A. tance for almost all pathogens, and another in
h.1,.ogaea (l able 53). Apnhiploids of . villo.a volves A. chacc',.ea and .1. cl,,ranen.i.s, which 
x A. /)ati-coi I. orri'rima . A. b/)izoj.i, and combijes resistances to early leaf spot and 
.Idural('.isx ..lraihi,sp (ikl) 10038 had good lS\VV (bud necrosis) \%ith that to rust. 

crossability with .. tt1rI(og:.'a 
h majority of the progenies were vigor'ous Intersectional Ilybridization 

an11d similar inI ha.bit and leal mrphology to .. 
I/.ogaea. Most of them had a high degree of ()ur prenious investigations on incompatibility 
pollen and pod sterility (I -ble 52). A detailed between tetraplotd species of section ..lrachi.s 

cytological an-INl sis of nine combinations and of section Rhiomniatom.a revealed that in 
r.,'vealed that .. /i itoa'a x (amphiploid .,I. 1i- soie crosses pegs were Iorned in fewer than 
lO.'tl X A. IIaLzo'oi) hadL a high degree of hivalent 20"( of tile polilnatiOns bill did iot develop any 
association (14.88) and resulted in a pollen fertil- poLs. Application of' gihbCrellic acid (GA3), 
it, of 63.4(' ( Fable 52). A high degree of regular kinetin (Kn). or raphthyl acetic acid (NAA) not 

Table 51..imme chromosmin e association and pollen fertility ii itcrh,,,ttr hihrids of diploid Sptcies of section| 

A rachi%. 

2\11.-m i s , fI ' riff-r t t 'h r,,i i i (, its : (w l i Ii,, it I ,11]lv i 

C - It It IV fntl iy 

.A. 11.1:, x A. i1les, 7.22 5.5.1 (..) 
',', x. A. .r, ,'fc fila. S8 5.:1 0.1 1 3 

... /itt ,,.' N . l .i 'l ' Sto,.dling ditd 
.. \. x I h6t[.1.72, 0,04t,~~~10', \ ,,,,,t.lO t 

;.h : t ,',fil 1 . ..A . ,at,'l, lsi 6 .01) G;.88* J),018 7 

http:chacc',.ea
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Table 52. Chromosome associations in amphiploids ofsome diploid species and insome Fi hybrids ofA. hypogaea 
x amphiploids. 

Pollen 
Nuis ofdiflerentchroniosoine associations fertility 

C ro ss I II III IV VI or VII %) 

A pl)hiploid.s: 
A. 'illosa .x Arachis sp 111,K-410 2.36 13.6 0.68 2.0
 
Arachi.s sio I1,K-410 x A. villos 1.04 14.30 0.434 2.17 36
 
A. corrtina x A. chavoense :1.5 14.5 0.75 1.37
 
Ara'his sp 111,K-4 10 x A. corre,,ina 2.96 15.2 0.32 1.4
 
A. hiIrani-ns is x ,A. villosa 	 2.0 13.55 0.05 2.55 

A. luranensis x A. corrntina 0.56 12.24 0.2 3.68
 
Atrachis sp Ill,K-410 x Ara,'his s 10038 3.,t5 13.96 0.41 1.80
 
Arahis spc 10038 x Ara,'his sp IlK-410 1.75 15.12 0.37 1.62
 
Arachis spI 100:8 x A. dranvm'sis 0.92 13.04 0.2 3.04 (.04 41
 
A. ,hIranvnsI. X Aitrchis Sp 100:38 0.84 11.69 0.07 3.61 0.04 71 

A. duraniensis x A. cartinasii 1.66 13.0 0.23 2.6 0.066 

.r(chis s) IILK-,I11 x 

(A. chcuiuso x A. vhrd',LsiDi 2.52 13.3(0 0.69 2.13 
A. 	 corr 'ttinO x 
(A.,hacco'ns x A. cardonasii) 2.4 14.9 0.5 1.5 

A. buti. -oi x A. uillosa 	 6.32 14.92 0.32 0.72 
A. rilln s~i x A. hatizvoi 	 1.52 18.2 0.4 0.16 0.04 60 
A. hatizocii x A. corrintina 	 4.5 16.6 0.5 0.2 

A. blti.'oci x A. hdranilsis 2.47 16.68 0.d7 3 0.68 	 8 
A. hy'lm at, x inpihiploid A.hypogava x 

(A. villosa x Arachis sp IILK-410) 9.72 12.45 1.36 0.27 
A. /'Npo g(I ra .x 
(A. 'illasa x A. durancrsis) 10.0 1:3.0 0.66 

A. hvlioga'a x 
(A. villosa x A. hatizo,,oi) 4.52 14.88 (.68 0.88 	 63 

A. h'ypogaa x 
(A. . ,,rintinax A. uillosa) 11.6 11.41 0.416 1.25 	 51 

A. /ulNagaoa x 
(Afcahi ,IILK-41li x A. chacoens, 11.26 10.93 1.26 0.8 	 37 

A. 	 /yp 1 x 
(Ar..I .i sp 1IIK-410 x A achis sp 100:18) 10.04 12-0 0.8 0.88 35 

A4./Iyvpogava x 
(.A. ,lurannsis x A. cu/l aoense) 11.8 7.2 2.4 1.4 

A..hypogav'a x 

(A. iburanensis x Arachis sp 100:18) 9.65 10.6 1.1 1.4 	 42 
A. h*Npoia x 
(A. bati.ovi x A. carrntina) 7.90 13.27 1.45 0.27 

only stimulated the production of more pegs, but Report 1979/80). This report presents the results 
also sustained their subsequent growth to a stage of subsequent experiments using all three kinds 
when pods were formed (ICRISAT Annual of hormones independently or in combination. 
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These experiments were aimed at the consistent not induce more pegs than in the controls in both 
production of hybrid pegs and pods in large crosses (Tables 54 and 55), but IAA seems to 
numbers. have a role in pod induction in A. hypogaea 

(Table 54). Two concentrations of NAA (5.00 x 
l0 s Al, 1.25 x 10-4 A[) produced more pegs in A. 

Effect of auxins. Three concentrations (5.00 x If'pogaea only, and many of these formed pods 
105 MAl,1.25 x 10' M, and 2.50x l04 A[) of two also (Table 54). However, they were not effective 

auxins, indole acetic acid (IAA) and naphthyl in the cross A. Inonhlcola x Arachis sp II No. 
acetic acid (NAA), were used. Use of IAA did 276233. 

Table 53. Crossability between A. hypogaea and amphiploids of section Arachis. 

No1. of' No . of 

pol Ii- pegs N o. o f' Pods No. of 

Gross natins ritised pods (%) plns 

A hYpogacat (4)" t x 

(A. uillosu x Armchis slt IILK-'410) 281 44 35 12.45 35 
A. hypogot(, (2) x 

(A. villos x A. dura innsis) 131 31 25 19.08 9 

A. h ,vpogaa' (4) x 
(A. rillosa x A. bItizocoi) 290 92 76 26.20 42 

A. h vpogaoo (5) x 
(A. orr jntina x A. 1,losa) 465 129 104 22.36 35 

A. tXYpogtvt (4) x 
(A. corrntina x A. choioons,) 218 55 46 21.10 27 

A. hYpmg,'o (2) x 
(A. ,rrrentin x Armhis sp IILK-4I0) 168 22 15 8.92 8 

A. h.vpogioii (2) X 
(A. corrotina x Aimhis sp 100:18) 71 19 13 18.30 5 

A. h ' ,pogaor(3) X 

(A. orrontint x A. biti.jocoi) 198 80 58 29.29 41 

1. hYj ggt (2) x 
'Archis sp III.1K-410 x A. 'rtr'ntinO) 116 17 12 10.34 2 

A. hNv/io-va' (2) x 

(Art'his SI 1I1,K-1( x A. ,h o'os,) 91 24 8 8.79 4 

A. hIt.\' le, t(I ) X 

(Arachis sp ilI.K-,ll) x Arohis sp 10138) 222 34 21 9.45 9 
A. h.'vl i rol,(I 1I) X 

( Ic.,'his sp 1(0: 8 x A. ,.h ,ois,,) 15 3 2 3.33 h 2 
A. )ipogonvt (2) x 

.Arochis sp 100:18 x .\ra his si ) II1K-.110) 114 26 141 11.11 14 
A. h/ypogf'i (2) x 

(A. ,lurm illsis x A. 'ha,',,ns,) 131) 18 17 13.17 17 
A. hvypogav'u (2) x 

(.A. durro ctsis - Athis sp 1II.K-. 10) 89 14 12 13.48 17 

A. h.ipogalo (3) X 
(A. ilurin,,'sis x Archis sp 100138) 151 39 ,1(1 26.49 10 

A. hypogaiti (2) x 
(A. dthratnonsis x A. ,'trd,'nasii) 92 27 22 23.91 

Continted 

8 
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Table 53, conlinthed 

No. of' No. of 
pIIi- [)Cgs No. of Pods No. ofCrops lt ions raised pods (%) pIitts 

A. htypogo'o (1) x
 
(A. ot i.zovoi x A. correntina) 	 11 2 2 
 18.18 b 

3
 
A".hYpogav' (3) x
 

(A. batizotoi N A. ch'oe, se) 166 51 43 25.90 43
 
A. hypo gain (It x
 

(A. b11i0020ti N A. (1111(11101. ) 	 10 5 5 
 5 0 .0 1) 5
 

,A hvpifogato (3) x
 
(A. c'frc ini x
I
(A\. c'hficovus, x A'. varlenasii) 275 54 46 16.72 46
 

A. 	h,pog(,va (2) x
 
Artu'his spI I , -4tI() x
 
(:A. (i'haornst x ,. 'rdenasii) 34
181 47 37 20.44 


Tl - ;i 	 351.9 836 655 18.61 456
 

(i. Nunmber of A. I,'pogavc cultivnrs used.
 
1). Hsult hosed oi few poliiotionts.
 

Table 54. Effect of two auxills oil pegs arid pod formation in all incompatible cross, /1. hypogaeu cv Robut 33-I x
 
.,ruchis s PI No. 276233.
 

IA A N A A 
No. of No. of No. of No. of No. of No. of' 
polli- pegs pods piolli- pegs pods


(t tnll i notions formed formed
{rot nt tions fo rmed formed 

5.00 x it-SM 95 8 
 2 52 12 8
 
1.25 x I0--IM 102 10t 1 75 
 18 6
 
2.5(0 x 	 1O01-0M 5 
 2 52 2 2

('ollr)ol 	 152 24 8 152 
 24 8
 

lable 55. Effecl of two auxins oi )e~gand pod numl)ers in an incompatilble intersectional cross. . monticola x
 
.AIrachissp PI No. 276233.
 

I A A N A A 
No. o f N i. it r No. r No . of Nt. of' No. of)i l ii- pigs ul l s iolli- pie gs ioIs 

( "tnll ' t ist rlit1n lii;t it fior ird ft rio ed l i ions fttrmoii fo,rmn ed 

,5.00 x 10-SM 82 5 0 98 
 7 01.25 N 1 - 1M 
 ] 34, 1 2- 0 1 :11 2 1 0
 
2.50t x it-.IM 80 8 
 1 I10 15 1

(tin r3i 	 (4 57 
 2 164 57 2
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Effect of gibberellic acid. Four concentrations Talle 56. Effect of gibberellic acid on peg and pod 

of gibberellic acid (GA3) were applied to flowers numbers in an incompatible cross, A. inonticola x
 

of A. monticola pollinated with Arachis sp PI Arachis sp PINo. 276233.
 

No. 276233. Even at the lowest concentration,
 
No. of No. oGA3 was found to stimulate pegs in 	 56% of 

concen- (XI conc.entltration oIli- pegs
pollinations. With increase in the (A3 

is f'imed 
tration the peg numbers increased up to 87('' of (nglIiIefH1ih 

pollinations (Table56). Subsequently a few pods 
27 111 

were obtained from these pegs (Table 	 57), but :.13 x 10-5M 
26 (55 1%)-


there was consistency in response, 	 and theno 26 19 
pods developed rather slowly and rarely .25 N 10-5M 

matured fully. One ( A3 concentration (2.50 x 1.25 :: It)-IM 21 18 
40)"was in .I. hro.,aea crosses with (87%)A) tried 

2.50) x 1O-4M 45 :16was 
(80%)three other incompatible male parents 	and 

found to be effective (Table 58). 

Effect of hormones and their combinations on pegs and pod numbers in incompatible cross A.Table 57. mon

ticola xArachis sp PINo. 276233. 

No. of' No. of pegs Ni. of piids No. of eitir 'os 

toint ions fiirmit formlevd l turei 

125 	 1 (mature)Kn 101-7M 1 (A 2.50 X I10AII 280 	 18 

in 10-7M N AA 1.25 Y 1(-.M 92 18 0 

Ni 1I-7M 38 0 0 0 

NA, 1.25 10 -.IM 28 0 0 0 

(;A31 2.51) 1 -1M 142 72 6 0 

Table 58. Effect of some plant hormones, individually and in combination, on peg and pod number in incompa

tible crosses in A. hypogaea cv Robut 33-1. 

etelioll 

S... ..../i i, .l--.... . 'Tristina le 

I No. 27123.3 (oil. Nii. 9641 . Ilat)ruta A. i jsilh, 
Tlri~itniiill A-----	 1'( I-- A .I (' I A ft I' I) A 11 H' I) 

Nil 469 75 :: 10 ,2 7 5 ) i 12 8 ) 28 0 0 0 

In 10-7M (A2,5 x 1) .4M 102 W 5 5 .1 16 6 1 78 413 2:1 8 

Kni 107M 1 NAA1.25 < 10-4M 76 I 0 ) :4 :1 3 0 29) 2)0 II 0 

NAA 1.25 x MA)-NI 
A3 2.5) X 10-4 

22 2 
262 1:34 

0 0 
:,423 

87 
51 

8 
82 

31 0 15 
11 1(gl) 55 

3 
31 

0 
7 

0 
2(gl) 49 21 2 0 

A No. (,1'imliitiio( s. 
It - N,.. ,I'p 6,,rind. 

':N.,. , i.fIs fiormed. 

I) No,. of .ihi'Yos. cultured. 
g)- ;Iohuhir einhr\'os. 
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Effect of cVtokiniors. Two cvtokinins were 1.Mnonti'ola x .Irachissp P1 No. 276233 kinetin 
investigated earlier for their role inpeg and pod treatments resulted in formation of pods, but 
formation in incompatible crosses. It was found only some treatments ( 15, 221); 201) 251)) had 
that both cytokinins (kinetin and ABAP) stimt- dissectable embryos. Among these, one treat
lated peg initiation and elongation, bit their ment on the 20th day after pollination was better 
Iost Sigtnificant etfect was to stimulate pool and than any other (Fig. 15).
 
seed dcclopicrit (I('RISAI Annual Report (2) IAA following (;A3. 
 The number of pegs
1979) S)). Subsequent experiments \yCrc there- forming pods was less than that formed after 
tollc.Conducted to combliine the effects of GA3, kinetin treatment in both crosses. In A. IrlpO
kincti lland auxin,. gau'a crosses maximtm embryos per pod, per 

peg, and per pollination were obtained after IAA 
.:feetof combinations of hormones. [he fol- treatment on either the 10th, or I5th, or 25th day 
Iy nig twMo treatments were tried: after pollination. Most IAA treatments yielded

(a) Single treatment: a mixture l kinctin or embryos for culture (Fig. 15). In .1.monlicola
 
auxin \with gihherellic acid. 1he mixture of hor- crosses only the treatment 10 days after pollina
nloles \\is prepared in slch a .y\.that it col- tioll resulted it)fotr ebryos. 

!aIocd the hormones lt their imr(lividually These results are tentative and need to be 
ellectio.c cmcent ratios. Kinetin (10 11) plus repeated.
 
:.\3 12.5(1 \ I) AIt1) prod ticed fewer pegs tha ti
 

(iA3 alolc might have prnduced, but 
a greater Hlybrid production from incompatible crosses. 
proportion (if these pegs to rmled pords fromt Pods formed after single or multiple hormone
Muhich curryos were obtained and cultured treatments do not consistently harbor embryos 
(lablcs 57 and 58). 1liese observations idicaite mature enough to be easily cultured, and there is 
that kirctin is desirahle fot pod. seed, and a need for a method to culture very young
 
cllhi'rw declllllllt. ellbryos.
to 


Au\ tire of kirretirand NAA \wis riot benefi- Embryo culture: E-mbryos at early cotyledo
,.I ( Iables 57 and 58). 
 nary stages were easily dissected and cultured 
(h) IMultiplc ircatlltclts: tibberellic acid (2.50 successfully to raise plants. [he smallest 
I0(1 l/)\\as iseIl ts alltinitial treatment at Cetbr\os that we could dissect were 0.1 mll long 

p Iliratiomn hecause of its abilitv to proldtice pegs proertnbryos from I mii lotg ovules. tHlowever, 
i llirgc rtrrihers. lit bolh tile crosses.. . /t.yI,- culttre requirements for very young embryos 
ih,a 1 /1% p I)1 No. 27(1233 anid . molic- are known to be complex and are being inves

,/cl x Irl hh.o sp PI No. 2762.33. the (iA3 tigated. 
retriC tIlI peg." ill pollina tionsinduced llost 

close to or tip to I(7llMmarry eascs (ig. 15). Tissue Culture 
NIist oi these pegs werc already formed b the [ ul 
tillc lltlr treatnrcirt \%Ith kiretilr or IAA was Regeneration of plants. In addition to plantrtt 

adiitsmtered I1.15. 2(1, (- 25 (lays later: regeneration from organs and tissues reported 
(I)Kirctir following (iA3. 1lie ntiber of pegs earlier (ICRISAT Annual Report 197980, 
prodricing podtls ditre to kinetir aried from none Groundntt Figs. 2,3, 16, and 17). we success
to I001 1, depending on the treatment. In som c fully cultured a few other explants iti 1980/81 
case, tie Cinhirvos could be dlisSCCted( and cul- (Wigs. 16 and 17), not onlyfrom l. h..lomeabut 
Itircl. In the cross A. ht,wgea x ,.1ra'hi.sp PI also from wild species (A.I. pusiila and ,1. 
No. 270233 kinctm gi c tile m1ost dissectable correitina).
 

Cmii b r\.s per (wI applied oi the (ynophore lips: Pods and callus (which propollination rit 
25th i(ln\ after pollination. followed closely by tIrces shoot buds arnd shoots) were formed when 
three kinetin treatmenits: ont the 10th. 17th, and gyvrrphores from two species, A. ht'polgaeaand 
24th days after polliration (Fig. 15). In the cross .. pusilh, were cutltutrcd (Table 59). 
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Arc'his hypog1t'o x Arachis sp PI 276233 

)9i2,5J 
* 20 
E ' 

10 

Arachis hypogUaCv x AroIhis sp 111270233 

40 -

IAA35 
30 
15
 

20 

z 10 

0
 

Arc('his moiticola x .,\ralhis sp 111 27(;233 

40l Kinuetin 
35 

, 30 
L 25 

-CE ')o-15 
-

5 Mi 

0 A 1'I) 
10 

:\It C I) 
10,17 

A It(' I) 
10.17,21 

A B CI) 
15 

A B (I) 
15,22 

A BC I) 
15,22,29 

A It C I) 
20 

A I C I) 
25 

'lrtentmenl danys after po(llinntio)n 

wI. s, and i-1tuhrt)ys, r's)ectively.AB,C,): Number 4l p)llinitioin., pvg,, 

(|y,+ 'ifterl)(lliinatlion) on l)od and embI)ryo l)r(duction on GA3-
Figure 15. Effect of kinein atid IA A (i)n differeut d 

induced pegs in two incompatible crosses in A rachis. 

Carolina State University (USA) were grown as 
Disease-free plants: l)iscase-free plants can 

spaced plants in our Postentry Quarantine Isola
be obtained through tissue culture. A. hyl)ogaa 

tion Area. There was variation within lines, andin sufficientshoot meristems were cultured 
made and grown in 

numbers for production of disease-free A. hyl- single-plant selections were 
one to eight plants w\ereprogeny rows. From 

gaea plants to be practical. Shoot meristems 

were also cultured from a plant of A. correntin selected, and progeny rows or bulks were grown 

in the 1980 rainy season (ICRISAT Annual 
showing witches' broom disease: the plantlets 

vitro showed no morphological Report 1979/80). These were scored for rust and 
obtained in 

leaf spots incidence, habit, and number of pods
symptoms of this disease (Fig. 17c). 

The selected progeniesproduced per plant. 


(including bulks from uniform single-plant pro-

Wild Species Derivatives 

genies) were increased in the 1980/81 postrainy 

season and assessed for productivity, pod siZC,
The wild species derivatives received from North 
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Table 59. Responses of cultured tissues and organs in some ,.lrahis lypogaea cultivars ind(two wild Arachis 
species.
 

Spvcie's
 

iirglilis/ tissue A.h.\.%pogn, Wild species 

llvi, s nlllM nld shonil hiids illA Not iitteniipted 
Cidlu lioudroolts in I, 
Swelll gl t lt.yi ill liildshlotv of'c 

pro li erntijn frii minii ill ends in A 17 

(Gytoph~liro lip.s l' d fol'Ilnitionlill A, N,'all.slttc~pol. A.ptnsilla: 

(.1l fi'lIllotimll 
sh(IIlt k I'llatIionl 

by i s prgllt1 iue litund As in A.hypogca 

ii.Viiucutyi tCallus and roi,ts in I, Not lifemptied 

iill'lt Mgn:ilulls (allus ind ilainlles in A A.ptnsilla:
 
( nl1 Ill'I,) Callus lold 

Ili, Itits 
Slow 1'wiiWI iii allus ill C 

lii t diiS s Collilu s 1111dull t nrilitionl ill A A.pu si/la:
frIllil
s.evlillin4s C(2il1us and1(1 

ihu,,,IIIi' Iist l11" Callu Ilildpihintl t s ill A and in D), A. 'o rr n lin a 

Clll us and 

I' tle .tisfree 1ron 

witches, hrio (lilt 

dlisellse sylllt(.,Is 

tiii Nil; iiUlllllilii with NAA 2t111lU, BAP' 0).5 except: 

i1, t GA, IA A, 

MS Il" 21)tpmli Ipplml; IAA,, lplpiU.
 

S. II, 11)1111 ( 11111; I ilu. 
Kii, GA, 

,.iIui I\ ~ l3-1, PI Ni. 25117,17, (-,-NC 17, )= .hIypogntc x Artichis spp PI No. 276233,
 
SNC Ac 17110.
 

testa color, and uriformity. and uniform, pro
ductive lines were selected for further screening Table 60. Number of single-plant selections from wild 
(l able 60). species derivatives. 
The rust-resistalit selections friom this mate

rial were ltandcd over to ourgrotrndIntr patholo- I'riii.----- Mi ins t-iols
 
gists and the most productive rust-resistant lines A.h.i ,/i t,'it..ca r,/uas ii 207 
to iir grotlilrdmit breeders. .,vpupog l,. A. blizooi 37 

In the 1981 rainy season nine promising bulks .\./y/,,,gu,4i.\A.Itizo,.oi, 
and two local checks were sown iniarandomlized Archis sp 10)0)3H 1,18 
block design, with three replications and three A./uo,,anfl, A.du/anensis 11 

http:Itizo,.oi


9-m rows per replication at 75-cm row-to-row scored 4 for C. aruchidicola.One of these lines 
and 15-cm plant-to-plant spacing. and tile C. arachidicola resistant line had signifi-

The plots were assessed for resisiance to rust cantly better shelling percentage than the con
and leaf spots on a 9-point field scale. Tihe local trols, and seven of the lines had highly significant 
cultivars were scored susceptible (8) for these increases in percent bold see(, probably due to 
diseases, and the wild species dcrivatives ranked reteltion of leaves. 
from 4 to 7 for rust, and fron 3 to 5 for C. Sevcen liles outyielded bol local cultivars, 
/wrs)tlaltum and C. arachidicola. The best C. despite poor plant stands in some replicates. All 

arachidicolaresistant line (3)was resistant to C. nine lilies outyielded controls when results were 
iwrsonaiultiand mioderately susceptible (7) to adjusted to allow for the effect of plant popula

rust, but the best rust resistant lilies (both 4) also tion (Table 61). 

table, (it. D~isease, reaction and irodwcitw off setlections from .h~rloga'a A.. eurdeltuiid h.0brids. 

li~ llA ,'- ' t,',t' lt,;t'l ,c' uil :\dju :,ted 
I iildillm fI 'll I y ,hlRI us tl ( 1Pr iI Ce lc l 11% fri "ihil Iivg l 5' il i v d('I 

Svt ecc itill /w i t nt 111(whidic lu Iperv'on t (1 Seetd ( kg 1 1I/,I) {k l 1/h1) 

I 5( G1 48* * .t.10) 4210) 
'2 5 2 ,N 50 *1* 36; 101 :W60 

3 , 1 ,4 (i7 47 * * 271G) :157 0 
4, 2 41 70* -:1** 31 ,M 30110 

5 7 2 1 (G7 12* * 28(1)) 2300) 
6 7 2 3 7(* :17 21 GO0 2320 
7 7 2 1 (7 5'2* * 21(00 2570) 
8 5 4 (;3 18* * :7(1)) 37 1) 
9 5 5 5 (5 10* 41510 37220 

1to (cntro) 8 8 8 57 25 2210 1150 

I1 ()voli ro) 8 8 8 G2 310 1100 13:30 

• I' <.. 0.)15
P* 0.01I' 

well incltded theCooperation with Cultivars that performed 
Spanish Bunch lilies .1I . IG-2F, and X 1-21-li,

National Programs i,,i tile Virginia Hunch lines M K374 and Reboti 
33-1. 

Coordinated Trials Ili the 1981 rainy scasoi se\cn AICORI O 
trials were conduct'd and six ICRISAT lilies 

)uring tile 1980 rainy season, nine yield trials were included for initial evaluation. (Growing 

sponlsored by the All Inlia Coordinated conditions were favora ble but there was a scvere 
Research Project on (il seeds (AlC()I,,I')O) were attack of rust alnd lcaf spots. Materials. i uclud

conducted on Alfisols at ICR ISAl(Center under ing ICRISAT lines, that performed well were: 

rainfed, noiprotected conditions. Yields \%,ere Spanish Bunch lilies ICGS I, R( 15, .1 2, EC 

low because of severe attacks by rust, leaf spots, 21137-I, .11.24, and T(G 14: Virginia Bunch lines 

and bud necrosis diseases, and a drought from l(S 5 and I'(;S 4: and Virginia Runners MA 

the 3rd week of Septembcr through October. 14 and M 13. 
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AICORPO-ICRISAT Cooperative Nitrogen fixation. lriority will continue to be 
Rabi/Summer Yield Trial given to the development of suitable inoculants 

that will successfully compete with the native 
Followilng on our observations of strong geno- rhizobia and the development of simple and 
type x season interactions (ICRISAT Annual effective inoculation application techniques. In 
Report 1978, 79), a cooperative AICC)RIP0- collaboration with the breeders we will continue 
ICRISAl trial was conducted in the 198081 to study the interaction of cultivars and breeding
postrainV season itfive sites in India to identify lines with strains of rhizobia over varying envi
suitable cultivars for postrainyi summer condi- ronments and soil types. 
tions. The highest yielding lines at all five sites 
were: ICOS 15 (Aliyarnagar), ICGS II (I)har- Drought. We will continue to emphasize our 
war), ICGS 34 (.1u nagadh), Robut 33-1 (latur), work on drought physiology and the physiology 
anrid IC(iS 35 (VriddhachlIla In). of diseased plants. Next ,ear we will also study 

the effects of varying the inle and intensity of 
drought in relation to the calcium nutrition ofDistribution of Breeding Material the groundntt plant. We also plan to study the 

In 1980 81 we supplied 368 breeding lines to effects of photoperiod in groundinuts. 
workers inIndia and 1213 lines to workers in 24 
other countries. I lie material stipplied included Plant improvement. Our emphasis on breeding 
Cealy aMrid advafnced generations from tile rust for stable disease resistance, high yield, and ear
resistance, high yield, and earliness projects. liness will continue. We will intensify our work 
Yield trials were also sent to seven countries in on pest resistance and breeding for resistance to 
Africa and Asia. pod rots and A. /IaI'us. The development of 

cultivars for irrigated and residual moisture 
situations will continue. Inl 1982/83 we hope to 
begin our breeding work in African locations. 

Looking Ahead Utilization of wild species. Using both tissue 
culture techniques and hormonal treatments, we 

Diseases. ()ur ciphasis on foliar diseases ill tile will concentrate 011 utilizinrg species with desira
liiture wvill be more on assessing tie resistance of bie characters tlht are presently incompatible
brceding lines and products of the c.togenetics with the cultivated ground nut. New collections 
program than onlbasic germplasri screening. We of ,Irahis will be studied arnd utilized in the 
also intenl to increase oir research oilthe soil- hybridization program as they become availa
bo rile alld seedling disea ses. Inl \i'rilogv \%e will hie. Advanced stable lines will continue to be 
iIteisih\ ou1r research Oil cltIp virus, palrtict- provided for conventional breeding purposes. 
larlv nit the search for the \Cctor of tile disease. 
We ASO ailll otur collahorati'Ve eLfortsto CxpadLt 
with initcrntioral and nitional institutes work
ing ,,n viruts diseases of grourud ,itts. Publications 

Pests. ('ontrol ti btd necrosis virtis by manipu
lation of plalnting dates. poptilations, and culti- ,Journal Articles 
\ars will be tested at other sites to determine if AN IN, P.W., RFIDtY, D R., ard GIHANEKAR, 
this integrated method fcontrtl is widelyappli- A.M. 1981. Transmission of torato spotted wilt 
cable. We will continue to soreen gernipl.sil an]d virus, the causal agent of bud necrosis of peanut, by 
breed ing lines for sources of resistance to the S.iriothril dor.ani. and Frankliniella schr1tdcei. 
minajor ground lnut pests. Plant I)isease 65:663-665. 
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Agroclimatology 

As in previous years. our research during the 
1980. 8 1 crop year covered two major areas: 
(1)collection and interpretation ofclinmatologi-
cal data from different regions of SAT, and 
(2) tinicrocli matological and crop-weather 
modeling studies. 

Collection and Ini+erpretation of

Agroclimatoloical Data 


Climatic environment of pigeonpea. This study, 
completed d uriing tie report period (Reddy and 
Virmani 1981) listed in Iublications), revealed 
that tilepigeoin pea -gro wifig areas of' India 
wvhere 90"1 of the world's pigeon pea is grown 

fall broadly into three agricultural subdivi
sions (I. II. and Ill in Fig. I). Il Ir ia's major 
piLeonpilc-grOV. ig areas. the mean tempera-
tures \-ary from 26 to 301(" il the rainy season 
and 17 to 22"(" in the postraily season. Mean 

nrintual ralilif'll ranges between 600 and 1400 
mm.11, is reccived during the80 to 90"1 of which 
iain'V sclson . [lie length of the growing seasoni 
extenls from 120 to 1( dayvs. ()rlr agroclinmatic 
analysis show\s thalt for the states of Ulttar PIra-
desh and 13ihar it would be advisable to adopt 
determiiate 120-day pigeflipea types. For tile 
ccnitral and sotrthrll Indianl regions, tiedlil-
to hlg-duration indeterminate types should be 
suitable. 

Revised SA'I maps of India, NE Brazil, 'and 
Africa. 1he classification of'climate pro ides a 
tiseftl index of the ecological conditions, agri-
cultural potentialities, and general environmlent 
off a location. Based on Troll's Classification 
(World Maps of ('limattology. 1965, Springer-
Verlag. Berlin ). tile semi-a rid areas are defined 
as those with two to seven hiunid months 
(niiinths in which mncan rainlall exceeds poten-

tial evapotranspiration) in the warm season. 
However Troll's World Maps of Climatology did 
not show the number of locations on which his 
global survey was based. These maps place 
the desert regions of northwest India and tihe 
northern parts of West Africa in the semi-arid 
zone. Therefore, we revised the SAT maps of 
India, northeast Brazil, and Africa, usingan en
larged data base. 

This revision, based on data from about 300 
locations, places 88% of the geographical area 
of India in the tropics (Fig. 2). The dry semi-arid 

tropics cover about 57t'i of India. The revised 
SAT map of northeast Brazil is based on data 
from 180 locations, while the revised map of 
Africa used data of 300 locations iii West Africa 
and 180 locations in tile rest of Africa. 

Nicrocliniatological Studies 

D uring 1980 81 our research conceptualiza
tion developed over the preceding 3 years
examination of the relat;onships between inter
cepted radiation and dry-tnatter production by 
sorghturn was extended to cover both the 
rainy and postrainy seasons. In otir experi
ments this ycar to quantify crop response to 
iioisture stress. we included millet in addition to 
sorghtltil. 

Efficiency of (onversion 
of Intercepted PITFD) 

(ver tile past 2 years, we evaluated tile pro
ductivity of diffcrent crops/Icropping systems 
by calculating growth efficiency froni the slope 
of the rcgression relationship between the 
cuImulative intercepted photosylthetic photon 
lux derisity (ITPlF)) and dry matter aid the 

calorific value of the crop. 
I)uring the 1980 rainy season we grew hy

brids CSI I-h ald CS11-6 on a Vertisol arnd an 
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222 Farining Svslelns 

Alfisol tinder utw rm management at ICR ISAT 

Center. The experiment on Vertisol also in-

variety S PV-351. while the trial on thechided 
Alfisol included additional irrigation and no

irrigation treatments. 

The relationship between the cumnulative 
and the dry matter producedinterce pted I'D:I) 

for the tilree sorghums grown oil the Vertisol is 

sho.\ n in Figure 3. Calculated growth efficien-

ties \were 5.2'1 for the i\.o hybrids and 4.5('i for 

SPV-351. 
A postrainv-seasor trial on the Alfisol in-

undereluded hybrid CS1-8 and \ariety NI-35-1 

two irrigation regimes. lhe slopes of' the linear 

regression through origin sho\ed no significant 

difference bet\eeln the rwo gclotypes: hence 

their data arc pooled for the irrigated and lion-

irrigated reatlents. Ihc ero\wth efficieney of 

the two genotypes was 3." with irrigation anrid 

('Si-l6 & ("1-1 : Y 0.65W)l'XSl . r OI. 

2(11 

(.5(NSt'V-35i 0 
r i.99 SI G2 

,SI I-1 1- , 
o/(Sit-i 

800,-/ A lV3 

60(000 

0 

2(111I/ 

2.4% without irrigation, considerably lower than 

those observed during the rainy season with 

CSH-I, CSH-6, and SPV-351. 

Quantification of Moisture Stress 

in Sorghum 

We studied the response of sorghtmr hybrids 

CS11-6 and CS H-8 and variety M-35-1 to dif

fercntial profile moisture during the postrainy 

season of 1980 I. The crops yere sown on 

10 October 198(0 and an 85-mn irrigation was 

given on II October to recharge the profile. 

Energence occurred oil 13 October. Treat

rreint A received four supplemental irrigations 

of 75. 78, 71. and 59 mm at 10, 28, 39, and 70 

da\s ilter enlergelce (l) li.elTcatrnenit Ii was 

gi\.Clonly twoirrigationls: 6ll mat 10 )AE and 

85 ii at 39I)IAF. 
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Figure 3. Relationship between cumulative intercepted PPFD and dry matter produced for three sorghum 

at ICRISAT Center.genotypes grown during the 1980 rainy season 
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Figure 5. ('umuhltive leaf-air temperature differential 
( I.ATI)) for sorghtm variety NI-35-I grown under 
two moisture regimes during' the 1980/81 postrainy 
seaison ait ICRI.SAT (enter. 

[h ord.er o stOllittal tlpllatiol to inoisttlre 
stress could be given as ('S I-8 ' ('511-6 > NI
35-1, as evidenced by the averag daily 
stoinatal conductance I\cls: O.8 I. 0.80. and 
(.58 cm see in treatment A and 0.51. 0.53. and 
0.41 cill see in treattment 13for ('51-S. (SI I-b. 

and M-35-1. respectively. 
lhe cumulatie trinspiratihn rales slhoxv io

forttnt hillere.l'ccs in varietal adaptation to 
istore stress I lahlC I). In treatment A. the 

highest tlrlaspir tin raIles \\C IC.'o'rded inl 
(5S11-8. It follos fromn stotlliatal adaptationl Ie
spnnses discussed aho\c that ('S11-8 should 

sho\\ the nmaxitnm reduction in transpiration 
ratcs under moisture stress, follo ed hy ('.11-6 
and M-35-1, lhe a\crage daily trnrspiration 
rattes sho\\n in fable I amllly substantiate the 
Sstcss-nduced adauptation abu'itv of ('SI,-8. 

1Irumspiratio ellicienciCes ,\crc calculated 

fr,'oml the total drv llatter t" physiological tmantl
fit\. final graii yield, and cunulat ihe transpira
tio. Sitce ile t'anspirationl "ltes were ila

suired only from 43 I)AFI. calculated tranmspira
lion elficienec \alues are approximate an
ss\cs. /\s shown in lable I. llax illtnm tran1
,piratoln eflicietncy in dry-Inlalter production in 

2201 
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'Fable I. Transpiration and transpiration efficiencies of three sorghum genotypes grown under two moisture 

regimes during the 19H0/81 po)strainy season at I('RISAT ('enter. 

(',S1-8 

t[l lri itAi It 

Mtins tir111'IIII eriod 

(dIayS) 613 59 

(Cumlt ivet' ranspli-


I ijg/.lu /68) (185 405 

Trii is plirit itan/day 

1( g] iI /t'cS (t( 1(.9 6.9 

'Trainslpirationlii Ti
' iv'c.ty(g o I'dry 

IiiiIt'rI/g/5t'se ) 1(3: 146 

'l'rinspirit ton fli

tciucey (g ot' griin/ 

giso c) 89 62 

u. Trlmtint iA deqitii ' wuitei, trcal li'lt t II 

treatment A was observed in M-35-1, while 

CS11-6 and (',S1t-8 performed alike. Under 

stress, however, CS11-8 showed ilarginally 

better transpiration efficiency than CS11-6 and 

M-35-1. 
Iiowever, I'o:grain yield. the transpiration 

efficien--y of ('S11-8 aid ('S11-6 was higher 

than that of' M-35-1 in treatment A. [he differ-

ences illtranspiration efficiency among the 

three genotypes under limited water applica-

tion were still more striking: CS11-8 and CS11-6 

showed significantly higher transpiration effi

ciericy than M-35-1 

Response of Pearl Millet to Moisture Stress 

Inrorder to understand and lqIant ify the effect of 

tiriing and duration of stress on the growth, 

water relations, nitrogen uptake, and yield of 

millet, we conducted a study during the sum-

('811-I M-:5-1 

A 11 A It 

51 45 71 71i 

559 346 541 4,3 

6.110.9 7.7 7. 1 

166 I4:l 189 14) 

84 (i6 73 38 

limi d w iltr. 

given to tilecrop in a split-plot design in three 

replications. 
Main plt (four moisture regimes after an ini

tial irrigation at timc of sowing): Mi irrigation 

every 10 days (320 mam): M2 two irrigations 

d urinig the early vegetative growth period (81 

mm): Mi two irrigationsat thelitime offflowering 

(8( ill) Nb, two irrigations at tile tine of 

grain filling (8( miml). 

Subplot (three nitrogen levels): Ni 0 kg 

N ha: N: 41) kg N ha; Ni XO kg N -ha. 

1980 summer seamon. Under fre:quent irrigations 

(treatient Mi), laximuin leaf number per 

plant was observed at 46 I)AE at the highest 

nitrogen application rate (80 kg - ha). Two sup

plenental irrigations during early vegetative 

growth (M:) resilted in better leaf production 

than two supplenilelntall irrigations at tile time of 

flowering (M) or at grain filling (M4). 

ier seasons of 1980 anti 1981 orl a elldiurnl- With a nitrogen supply of'80 kg,ha, the crop 

deep Alfisol. The f'ollowing treatrernts were under treatment Mi was able to maintain a high 
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leaf-area index till 62 I)AE. This was not true summer; maximum leaf number was almost the 
however, under the other two nitrogen levels, same in treatments Mi, M2, and M. 'he leaf-

Ihe dry-matter distribution pattern in the leaf, area index (ILAI) of millet was also higher during 
leaf sheath, stem, head, andi grain components this season. Treatments Mi, M. and Mi were 
of the millet crop under different treatments in similar, except that in Mi tile decline in LAI 
tIle1980 grow ing season is shown in Figure 6 a. occurred a little earlier. 
b,c,d. Maximum dry-matteraccumullation was A\s illthe 198(0 summer season, maximum 
obscrvcd in treatment Nil at all nitrogen Ic\els. accuniurlation of dry matter occurred in treat-
Illthis treatment the rcspolnse of'millet to nitro- merit Mi at all levels of nitrogen. But contrary to 
gun interms of increased drv-riatter acctmniula- tile previous year's results, two strpplemental 
lion \was e\ident at both 4( rid 80 kg N ha. The irrigations given at the time of flowering (Mi) 
most significant effects (.I moisture stress were resulted in higher dry-riiatter accumlulation than 
apparent in treatment NI, \\here irrigation was in the M: and M. treatments. 
\withheld Lill grain-filling stage. [he maximunm Stoinatal conductance and transpiration 
dry-matter level as well as its distribution among data of millet tinder different moisture regimes 
different components indicate. that millet at 80 kg N ha for selected days are shown in 
showed little response to added nitrogen under Fable 3. Under significant stress till 50 )AF,mil
moisturre stress, let in treatment Mi. showed significant stornatal 

Ilie mean gran yield for the four moisture re- elosure and reduction in transpiration. The re
gimes o\er three nitrogen levels showed that covery title to supplemental irrigations to this 
irrigating the crop every 10 days gave signifi- treatment at 58 and 67 I)AF was manifested in 
caritly higher yields than tie other three nois- improved storalal conductance and transpiration. 
lure regimes ([atble 2). 1ibis coieiusiori is alIso Similar responses were observed intreatment M.i 
\alid for tile comparison of' moisture regimes at after tie supplemental irrigations on 39 and 
a giken nitrogen le\cl. In terms of the relative 48 l)A-. Significant redurctions in stornatal 
yield advantage anttinablc by two strpplemen- condtmctance and transpiration of millet from 
tal irrigations at selcctenJ physiological stages. 43 I)A F till maturity were observed in treatment 
mean yields over the nitrogen le\cls sho\\Cd NI2 . 
irrigating during early vegetative growth or at (Oerall mean yield of millet during the 1981 
the time of flo\.eririg gave significantly higher summer was 2369 kg ha: in 1980 it was only 
yields than irrigating at the time of grain filling. 1016 kg ha. Treatment Mi gave significantly 

higher graii yield tlian treatment M, hut not 
1981 summer season. On 12. 13, arnd 14 higher than treatments M and M4. 
March. and again on 22 and 23 March at (ldl of Coriparison of tie results of thli, 1980 and 
77 nl of raintfall occurred at l('R ISATCenter. 1981 suner seasons reveals the I lowiig 
lhis rairifall i\as very unusual, as the probabil- two factors that modulated the responsL of the 

it.y of even 5 rn rainfall is less tthan 15Q ina riillet crop to water and nitrogen stress: 
7-day period at this lime of the year (Virrnani. I. A prolonged spell of water stress during 
S."NI.. Sivaktuiiar. NI.VK..ad Reddy. S.. 1978. both early vegetative and flowcririg stages re-
ICR ISA]T Research B3tlleirn No. I3.This unsca- duced the yield of the millet crop substantially. 
sonal rainfall occurring dttrirg the time of f'lwer- illet could recover from stress imposed at early 
rig (t 3(3. 31. 32.4. and 41 1)AI) led to untlsual growth if stppleierntal irrigations were provid

cr1p resporses to stress. Ilowever. these results ed tle onset alnrdboth at completion of flower
did permit itsto dra1 some gencratli/ations on ing. Availability of water at this tite seems to be 
the response of millet to water stress. crucial for subseqLuent grain filling. 

Better moisture er\ irorliernt due to the umusual 2. Millet responded to applied nitrogen only 
March rain, during tie 1981 sumtmer season whvn stflficiernt water was available to promote 
resulted in higher leaf number than in 198(0 good vegetative growth and flowering. 
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Figure 6. Dry matter distribution pattern in millet grown under different moisture regimes and nitrogen levels 
during the 1980 summer season at ICRISAT Center. 
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Table 2. Crain yield response of millet to irrigation and nitrogen levels during 1980 sumenr on an Alfisol at 
IWRISAT ('enter. 

Nil I-g iI M isl ur t'gilit's .M n s fIim 
v,'Iis l NI. .3 Im ni.rogen livels 

- kI mh 

N 	 17G:1 868 827 3i,4 lS6

N, 1922 4804 94 5 't 1G 
 1029

N3 2173 t817 
 87:1 :G3t 106()4 

Meis 1953 8110 881 391 

CV (":,) ', luIeh;I
 
Suht1lhi 20
 

Si: (±) 

NIri g .n I',}, 126 
M (liI I l, 1 "11reIn-110S 176
 
Nitrg,- hIs i a ilurislu r gimje 
 251
 
M, -, lnr' r gill , in ;I milrig'iu h vcl 
 27 0 

Crop Weather N1odeling: SO R G F 	 Coinbatore, l)elhi, Hissar, Parbhani, Prine, Ra
huri, and Iudhiana in India arid at Kion Kaen in 
Thailand. At rmost of these locations, replicated

IrlIioinSal test, \ilh SR()R(iF. a sorghunl trials involved two sorghnium ge lot'ypes (CS-I
"La,,s ll sijuilat ()It niodcl (A:kin. et al. 1976. 	 ari C.SII-6) during the 198(} rain' season, and 
I li Air.I. SOLIII. 19: (322) shoc'd CS11-8 and M-35-1 durino the 1979 80 and 

111;11 SC'Lrll ()I it, oilioulinc" neemded lilolil ci- 1980 81 postrainy seasons. Additional mois
tion l i adlpttilil It the SA I rlLi.11. li(-c, lure Iretmllenlts of adequate water arid water 
,,[ih) i[1 c1, deial % I c'lliCtir LMCC, ',Oil \aIhr. ,tres il certain :*i;calistages were included in 
lc';il-ili &c\chy llc l, lliciolo ., liglt I lCl- the poeprahle-Scias0n experiments. Standard 
ccp c(1It l d 1r,,-l ttilc, r rtitc lii1 & S()R(I.-I. ditl ,ct,,t l crop, soil, \calllt l, and mianage
il 'Ic'iscl S1()R(1I ni10d 'I bid on liiite'd dl- \intr wcrc collected t(o test the model. (The da
ii sets I( 'IS..\ I .\iitl cport l979 8(1). ra and method of collection are described in de
sli<o-d' 1 1ci Inlpr c'il)Cll ',illliIlilitiIMq SMl- tail ir, Agro Iliiatology Progress Report 4, ICRI
101il1 .iiowll i aInd de\cIlllint. SAT.) 

\\C used] time il i c'clc td llm11 1011o mll
'ihiini Il'lieexcllr, [ie raiini\nn11 l the Slniir of weather damt. lable4giestherait

aind p strmim\ ,c i53u, A 19)79 and 198( to (or- kill datla and ,iseasonalopell-pall evporallOn a.t 
fihrcr.amm riId inlipro\, thle S()R( -I ulodel. 	 seeral lcatilonis lil tIhe 198(0 rainy sean. 
I his rc\iscd nmodiel i-. no\\ relerrcd tio i, (R- Ihe seasonal rainl;alll at I(RISAT ('Cnlcr wiis 
(I.-2. I lie rcs ["loi..' atl the simulation results nilrill ard \\as 287 moore than the reqtilre-
Iloni S()R(II and SO)lG(-2 are described here. illcnl for potential \vapotrnitspiralilo (IT). \l

though rainfall at Khon Kait. was below normal,
Experiments. The crop weather modeling ex- lite IT rCq uirCleIts \%er adeq atcly mIlet by
perinlents were conducted at ICRISAT Center, tlie seasonial rainfall. 
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, .2 . r .l Table 4. Summary of weather data for different loca
- tions of crop weather modeling exl)erinients for the 

1980 rainy season. 

SSci sie 1 Norillil I () I'-pllls il .
I-I I o .I Il ra iiil' ItI rilintf1 I (Vii uril tioil 

-E 
LI('RISAT Center 591 587 658 

Dl hi 724 617 568 
llissar 200 :104 804 
Kho K10iii 455 557 :192 

": zi."i - t"irhilini 1050 83t 698 
H H - +1 +-1 l)tile 248 516 500 

- l Cl.luhuri 291 5:38 565 

[.h,till hillilli 745 528 528 

Phenological events. The data observed during 

E the rainy-season indicate that hybrids CSH-I and 

.7 Ia CSH-6 took about 52-56 days after emergence 

(DAE) to reach anthesis and 85-88 I)AE to reach 

- -l physiological maturiy (PM), while SPV-351 

I" '(grown only at iCR ISAT Center) took about 62

" i , 663 )A E to reach anthesis and about 90-95 1)A F 

.- to reach PM. 
;7In early October plantings during the post

" - " rainy season. CS11-8 reached anthesis by 60

".-S"5 66 I)AF alld IM by 98-106 I)AE, while M-35-1 

i- v.'i (I vi 7 II I took about 67-71 IAF to reach anthesis and 

7 105-113 I)AIF to reach PM. When plantings 

were delayed till late November on deep 
wereVertisols. days to a.ithesis and I'M

7 

- extended for both CSII-8 and M-35-1. Early 

• -' - i t- maturity because of' moisture stress \\its nota
ble for CSII-8 and M-35-I. as wellas for CSi1-6 

(gro\%ll only ll ICRISAF Center during the post
ail \ seasOl) IHowever, the hastening of aliltl

- - 5 rity depends oi the degree of' moisture stress 
prevailing during the grain-filling period.-

•."Leaf-area index. 1)ata Oilefll-rea indcx (ILAI) 

were collected ill 7 to 10-day intervals in all treat

1_Il~letS bor ever' crop modCling Cxperientlll Co17;i ," 

at ICRISAlF Center. SeasonllaI changesErCucted 
in LAI 1andday's Iroil1 Cergetce to anthcsis 

- and to physiological Ilaiurity bor CSI 1-6 grown
4.'-

in the rainy season are compared with SOR (i"ZZ 
and SORGFI-2 simulation results in Figure 7. It is 
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Figure 7.Observed and simulated leaf-area index for 2(0 ( .10 N ) (I) 70 80t 90 100 

sorgh nmihybrid (SI1-6 grown in a rainfed situation lIYNys 1aIi r r t -11rto 

during the 1980 rainy season on an Alfisol at Figure 8. Observed and simulated total dry matter for 
I('ISAT Center. sorghumn variety S PV-351 grown in a rainfed situation 

on a deep Vertisol at ICRISAT ('enter. 

clear that tcisiots in the model prod tced ini
pre nct t ilthe computation of L.AI and the -t
 
plellii)gie il c cntS, 1 -- O) tve d /N1
 

-. ...8( -2( ; I,' 
I)rv !latter and its partitioning to grain yields. . 

I)ulrillg rill -r Nt N.tturily /the raillslsoll, the total dry Ilm 1 
S"%-351 \as higher than both ('SII-I anl / / 
C.'5l-6: hok\es.e. CSII-6 superior in grait'\%its 
\iccl,. Reductions in total dr\ inmtter aind griilli ..- - 

yields in ('S 1-0 coimparIed to CSI I-I inexperi- 2(1 :( 40 5 G 1 (0 01 M(I(1 
Imerits \\ith supplemental irrigaition., illthe 19t0 ki's nier em-rg , c 
liiv scarson t I('RlI. I ('enter and at Raihtri 

Figure 9. Observed and simulated grain yield forterlggin ti 
 sorghum variely SPV-351 grown in a rainfed situation 
e1dohe1c postral\ Season. CSII-8 performed on a deep Vertisol at Il'RISAT ('enter. 

better than Ml-35-1 under ldade lC ;tateboth and 
liriited moisture suppl"y. 

Seisonal pialtteris in ohscr\ed andi simulated ception, soil water, and dr'y matter and its parti
dr\ matter arid grain yields l(or lV-351 grown tioniing has been rcised (as described in detail 
in tire 19X0 rains sclsoll oini deep \'ertisnil are in Agroclimatology Progress Report 5. ICRI
coriipared in 8iguresX and 9. lotal dry matter SAT). 

and grain yields pooled o\cr all th Irtreatments 
arc ti\eln Ior exat intilion off the degree of corre- Statistical anaIl'sis of simulation results. Crop 
*poridene et \eeri ol-serlsed patterris .1rid (ata pooled over 27 datan sets were tised to 
thosC simulated by the iodels. Results inidicatc compare the ilCrial'lnieellc olfSORGlF 'r1tdSOR
that Sollc iiipro, urent il silulatilg dry matter (i1:-2 models (lable 5). The observed total dry 
ainl grain yields \%itsachic\c(l through revi- miatter (kg rainged fro 4950 for tile geno-
SiOtis. t*p M-35-1 grown tlrider moisture stress to 

12 510 lt ('oS11-6 grown in tile railnv staso.n 
.Silrotintes revised illSOI (;I. lellecoriptia- (ra ii yields (kg ha) ranged fron 131(1 for M-35 
tion of phenology, lcaf-arca index, light inter- -I tinder nisture trcss to 6, 136 ftor ('S11-8 i,
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nw i iturC suIrny in the postrainy-'(let--	 'ra' 

,1, .f 	 season. Silulation results show that the SOR
( ltodel particularly oerestitnated tile grain

-.- 

.1 yicds. while S()RC;I:-2 improved the simula

.~~~~- 7-. I t ard Ito flill tv durations, tile S(ORC;I: 
\%etoe estimateslow, while SOR([-2 estinated 

!5 -:7 "closely for the cnth range of duration. No ma
jr change has \'et ben made in computing 

- naximnu I.AI. Fhe clect of li.kturC St.ess 
factors oil ca xItli5ol aind Seneselce 

should be lurthcr exatined and incorporated 

.tInto the mlodel for computing the daily I.A. 
2 I- 7_ ,While the SOR(iI: model overestimated final 

IAl SOR(iF-2 improed the estimations. 

" 
_ ,+ 

"+ " 
, 
' 

The 
sti\ed 

Correlation coefficient hetween( ob
and simtlated results (lable 5) sho\s 

0 i + -r-that revisions inI the illodel mave inprtmed csti

- atCs of total dry' latter and grail yield. SOR
( + coul explain unhv.1' variation associated 

with grain yiclds in the present data set, but 

SOR(I-2 could explain 76'1 \arliation. 

0, -rt'u atiah'sis of the sinlt.'itt1h rCsttltS itIdi

lItC that Iroot-ltlnianl SLtlal'Ve lert, for total drv 

7. " matter. grain ielV,. and I)AF 1o I'M \,as re
- - - ducCd by revisions in the model ([able 5). 

El

i -" -Soil 	 Fertility and Chemistry 

Z:. 	 III our continuilig emphasis on studies of tile-

behavior of nitrogen in the soil-plant system. 

our obcclivc i. to iniprov the efficiency of tile 

_ . SAI tarmiers' use of nitlroClnrill oall sourcc 

Ihis work rcceied substantial impetus in th 
IcI'rrelit veil. with the Colln le eeltnetll of oitl 

E- .Joinlt project "Ilate and [tliciency of' Fertili/er 

. Nitrogen'" with the International lertilicr l)xCvcl
0 

Lpt ('enter -IDI.H)C').[ifts pro'ect will Coim-I 
'. plcmcnt our \\ork alrcady in progress on the 

- effects of intercropping, interrow spacing, and 

S-- - fertili/er placemncnt on the responses to fertilizer 

- - Our work on other plant nutrients has bccn 

C-oncentitrated llalinlV ol long-tcrl cxp ets 

.- 2 - ._witi phosphorus aid potassium: these experi

inents are continuing. 
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Fertilizer Nitrogen Efficiency clTiciency of fertil, cr-nitrogen usc in volve 
with ('ereals matching the amounts and timings of applica

tions to crop rcqutirelltls. I'he efficiency of 
Iht, response (t' soughUltll and pcarl nI;'lct to utptake ina also he increascd by\ pliacing tile 
fcrlili,cr nitreo. 'I iII tile rlinled SAl is unclear fertililer ill a hand close to the llain axis of the 
bCCausCtOf tie lack of detailed studies to cluci- plant. Ilese practices ntniiiic tile comnpeti
dtel bhoth the 1mdixidual ects ol tle maiiv itm of soil reajICtionus %\ithllanlt irolts fl the 
litttth IIIoll td iMid their iltCaCtitils. ()f thitsc fcrtiliicr. lii ourcxlpcriincut oiia Vcrtisol in 1981 
lac o s. tIt l iltilit iIld (ist ribulitloll of scasonal (table 6), a split application lfcrtilir in hands 
litinhll is pairlicularl\ imprlitn it dctcrtttincs itltcr CmCrgclCe of the L1,1p was n o:kedly 
it'lI poltctllili, andt thefore the relllireent ofl supcrior to an application at sceding' (dry. be

a tcilolt Ilitlge. It Ialso dclltllilcs the avail- Iore raiis cmnlllllClcl) bY citlh r hI t111i0stiuing 
-;ibilitv of nitllgcen tot h crop eithcr direlct lvii on the Soil surface or incorporating into the Str 

ItIlIs tf ;itc'ssibilitv Of HlitiotVCli to tile plant face soil (llter brioadcasting onto the soil sur
oot. o iiitlirccl\ bccltlc h)I11 t'xcessi\evl\' (r\ face). Ihis vear (1981) was particularly wet: 

illit tt'ssl\clh lttist soil c0lltil1, IIliV CtOII- respouses to Ilitrogell were verv illge. and 
Ili lbic it) loss's. I hiefolt' \W' ietd It kiit\ losses of nitrogen b\ leaching ind(CIiitIifliea-
Itts tt ICtsptIsc's ito ICitiliicr litrocll s\ ill tioti mighl also halve been relative to otherlarge 
Itclill to 10lit tllltlacloutlm llca tden iionlinenltill Veil 's. 
f;it'tOI . ()Ill IC'Willc i srlc . IhircftreI ill- Ill 198(), Ill illall yield and response to Iii
\stc's it CatIibilaltittl O1ttflIpiricail .\IpCrillllts trogetl \wcre lo\cr than ill 181 (lable 6): grain 
1l,1 iichlCtc lllt'illlt'lllsl, \iCl~ ,Cs \its tny of, theOf tC,,lS'110 Sichl not of)\ iiisly allected by 
t\CI 'l I soil,ns. id. detiiled studies fertili/c'r-ipplicaltitmt treatlnllts. \witil theiiiii s 
ttl le \alittlis aspcts tfl lilta andlfcicicc cxceptiothaIt ta'silt'iiig till the soil sllflce 
Of IctihIti lilt ttttiCl. \\as sulpcrior ttl ilcorporation ittl tile Surface 

stil. Ihe rainfall dlurilg this 'asOll w\Is 
I"N Bl al'n cet F~\ le r i nen ts IdtC LIIt l t AII ll g lO \k l hlOill \ 'Hr isOlS. 

fIllate Otff'i'iIler nitrogeni is best sthied id ..klfisl. IHlth ill 1981 ailnl 1981 \\c uscd con-
lII)ciII2 lilt' tlcrliCir \\[Ilh "N, tile, stalile (nllI- filted nli' l(olts ipproxiimt atelv 2 Ill X I Ill in Sil'

(face arcia. wvhich wvere orined I e.xcavatingistltpe tof nithoel. I lie pllok f sil an rapping seral 
,ibst tbctd h\ ile trr o l iittrl't i lltfilto li ersHt]t the' 

still call b* measred dicv ;1111 the (liti a of' polythelc shect around the block 

Iilo t O li-llitllk l(\)itcs ;1n1 p-riot l lling Ihe soil outside the in1icroplot.htihill added t'.lilllitc r to 
Yields \\ere iglier than oi teit Vertisol.t tf lit' a ll i ili ttf Icit 'n l t s bh o,l ech i an Respin lscs ito il l Ctln\w ere rclati\cly small ill 

W CuIII: d C'i lli lil l stu d ie s"OUnbo~th \ 'l t iso k a+lld 19)80 , (file, I .r cl to [li t a lre~ad y hig h y i tcl t w it h 

.\llsttls ill the 1981) , ilt I sI 'cstoisl . I ht "N- It, it added ilitrogeil. lut responses Ill tie wet 

S cii Usedt till\ sC~t't't'l Year f 198 1 \\cir particularly large (l ahle 7).ilc'r \l. Oil 

it'aiiit'iis~il S x litI lrtt iigtoinic t'0111 Agilil. split-plactllcilt oif
' fertiliier in bands was 

itcilll HM'Ihtill/cr.t e\lfh'illgcr li e Crop tile Superior treatililtl.ttrtt. l thoi 11)11 stils lias lcigliiiuili,,¢r.rliCt+rxctt\ Ii 
1lmoo\ll Onllbl~l ll l;iiil-St',lsoll recover *ry. Althoughh, \ia, oI'N tile response tol fertil-
Allalv\ t f 'N il'e still ill prt)gi'ss: tile IC- i/ei nitrIogen oill the Alfisol was small in 1980, 
tiilis t'rtt'ol here MirC IfCttI' tt tile crtp oxas elficient at absirbing it. Recoveriescllilit'd 

iliiillv 10 ile it'cL , Of iiUttIiOIilic treatlicils of fertili/cr ilitrogell ill the above-grolinl crop 
yll\ ,i]. wCre greater than 50'; ( Iablc81: this colpaiIes 

well witi good recoverics by cerial crops else-
Vtrlisil. Agrtnioiic iletlods for imuprovilg where ill both temperate and tropical Climates. 
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I1'able 6. Sorghmn grin flelds in '"Nbauitrice Ixprihenths on it VerlisoI ut I(RISAJ' (nhr. 19)80 amnd 1981. 

NMIli 11, ('vi i(r N rok, (l N 1w)
;1)) c8 74 1 1 1'18m 7 

8r~iiigrliIii vit-I ))igv liii I I980) 

l~o lo 'lrtd:19 01 11(1 '17)9(1 4880( 

Urv II ciIId c I., ('1804170"46)4 6 

m c rg m,,,, Ik/lSo in i it iii ' ,ii1G: 0
 

Nill 272))129
 

U nil ()C1 Im-i r(i inIi 4,120'
 

Urit~iond-oil 1(1) 4 2)f :10051
 

SI'I 

r~un in grinhtt on ( Ii u 1981'Inh 7.Sorgum ~i~c~ i~rhu y III n (4S I(ctr 90 

(m v Ii k.1 ii - 9) 41i 10iUrrviiiit Itt-r 

lrIi I ii -I it 113 0 (1 522))05:1 
o1 

Uv t() n g n c-i i i 0 ; d lis N N %a l iltII( i( r o ivd I( h l 

plot h Is I -t dIS)90)))I,111 s 9l" .O ll I o lh 1 

I in, Iiinjin~tii 015 .11)1) 570 (:1a 

N i I1 58:3)
 

Ur. i i c i Ii i) X Iii i n ,i (i 130)li 
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IPhacement and Interrow Spacing
ILale~tH'.( ionilarisoncoffirect (istopHic):tnld indirt-clfo ~Iappart'.( 	 irioi )inivilirt' eitII~ing iret ~Interactions for Sorghum

(Iml tilrl'ni r''o~ 'r))nlt'tllodl, Iir t'%,tillliitiilt rLt'o()+ t'r) 

of fi'rtili'/er urtt Il sorghlum grotmi o till Alfisol
 
,,el,,I( r. r cereals
duriilg oit'1980 rtin at kl";I ( tn \Videllilg tit' dtistanct'e hemteel \s oF 

is'it-'Comm il lli\ Itllilltlyv ti 'ottio 'ptiicsate'.
App,lt;tti,,m,,d*,,l z. .'vilI .v imi/t- [lh-efts''-t ofl drought str-s,,oil vied.N ii/,r N r.,, 

kll{ Mil,'l1'h,,l lIJ11rct In1dil'T' Iht-'ru data oitl thi
i,,hlo\\' cr, %._rvlitlhe ter
kk-.vN hlii t"d 
 I'+tCl\CCtIl diStIMntC-, file.-tLiOlIS ill(Ct0llt\% 1111plic;i

-- tioll of nittl'ogetn. anil plat ent of llill'lgeill 
] I mnrurit, ha."ndsT,++:.","+il~~ d 1-;-7t bllt. W e-Conutell+td t+'Iplilllt-lts. on1 both all 

2 I: mit.I .,lli, lt and t V reiti.,scl %.ithia Constntitill19,80, 
I d-plif 6;8 .21,l ,2 -5..t1:1.2 populationi ( FF)100 )plillits ha;t)ill tll
spacings. 

(ircall,.r x+\spaicing's rc',tet-dintt-' usua~illy 
'll'+l. ,,'l
'.'g~llt l'd t'I~II11 fili IIPI]I\'I~llS. illInalrkdl\Y h cr .Nieht,.
and lisliallh snmalllcr
 

icnptmSn 	t o fl itlrtIgcnl most(lahbc t)). 1ihe 

IllillkIsMCfcl-c.tOf NIMuCin~g occurre~d )tl AI.li
•,l: the na it ili 45 cmt g ;ispit s ofl c icld oft 

5.16F k' 'iiin ha ill 8FFkg N litt. ireias [hle

I )It-t't l -IIIC' IUt'd ItCt'(\ CItIC,(b\ \ .38FFkg gra i tie 135hN ttiti \- asi (Ini\ i i hainwi\\it 

CS..) th]initthe tin sptcing aind
%\it' sIbttittli;illl L vtt 	 Lp- the SaiIe nitiniteig inpttt. Ro%% 

t l", (FAN et-" t It SC, 
ttIMen.'C ' Ill ):tIhitF 11diIt'it1 - itItintgCii pit,. 'liCiC \ieti, \\CIL' \orV l0\o 

Wi Iell CL tin tldh\ tiletiC ill Np iling tti cd IClst cicct (111 it \,.risol iil
total HItII l t llof t 


It;l. \\ i11i t , nt) Ct tMh khll\ ietii Lcs ,.14(FFFF ha Recent \(tIk else-
I HititI dit f itppi kg griain 
it t il i t I taIk p t-C liti t. Tll\\;It t- p[ChI \\Itr- hits itidic;Ited thit tIlt'IlIt't'd l(t i 0\io\t'i
 

c111tt1l]1\ ih +itu 0101tll i Iit,lpIt t' ',CItipaIcili iIitI t'CS \\it it iit'I s;eISilltht' \'id
l ttt' N tl ii 

,\\,INl ',~ + theCbildh NI111JI)Ilic';III0I I10tt.'nli;tl,idt 111;11 \\itdC ll ,+'I
it IAh\ 
 NIM CIn of1hCIIClit
 

.I 'l '
II I( L ,I Cl I_Ll+'t.'IC (dllhCt' I.'1 t IH ll. ntii i ,d, C. )\ . P (1r111Mk \\hun flt.l ll \ l\ ]h 

iap,s le'ss IFFFFF hit.()Itl ichil kit Itt'olts in
 
l Itc'nienl .. lFll1 ut ioF M t' ptCjr ilitCn F, il\t' 
 ;tlic cniii . itling, it ing lh' itult \ il 1thi tilud 

+ ,li it[ Ct Clih'+'.1i ,HW'l ' I , it (1viSCi liCC- ' high Fli'nii tL'st l1'01ti ilit%\htiIt' 1 lF d d lI'st 

sII. I t II llin ht.';ui:tlit. ttist',l Itliitt'it';stli F(liCS
O iptI ,,\\ilht t i n 'slil.iti deFtiledutt 

, inI t t\Ocitllt. tt' ' \ ill iitL'
1et tlt'l ll \\,i." sot he ll M I t i gI tl'\%C\ Il i.
 

MW NI l It lllll t , 11,1 i ll f tFIOfIc ili/t'rts , l.tlhr HIM)
'l it h lt iNt lit ltt.'tUCIIt ill 
111F11 sitils Ll 


tl. ,.Ul,IrCI(H I, l ( t iI'IlltI)Ie II C'IN.I't 

tlC t ' ilt b it ltt'l Iiii ItdiCtilIj lI 'lI ti l o ll ' i noll Hillioll, LtllSiIC i VN tn".t.'I NIull il.It.'C;I."S ill \iCld Of A)011ll 200(kg 

.1, [i"1u,;1 I , l ii ) \V t' i d C',.l) Il hit (II 	 i t rltclit.'l.d tn	 :Illll ltiFc 9 ). 1 ,.I.' %;I,, nol 
.it itl . ls tlitit'' lh it \N ,tiF.I Iitt l lI NIMIl t Mid "i t, t'Nf11u )'OIC ill (1 l -Ci ill(It \ ' it 'CIut.ill

tit ljtt'' h-; IIl/AlitIl (I Ii' 1141110 , '\1 	 tltijI g rihit O ii the tO eillg fIIn tih0l)llltll'u hd IC.Idlkl(,,I'AI lh'' 110 101l\- 1101 (Ilife' biIl\ ofl',0il;111(.'[ 	 \\.'CI 10 ;It.'ct.NM llilI(gCnI Ito 
lllHlll ]'hllM ~lll)I , 

tlt' NW I \ .JN t.d. Ic 

NIN kdt Illlt',it iI ,.'III lit..IIMt \\'\ . the. lillhel Io all l \ iloH l-nfli ll fat. 

(lh\\\h'+'1IlW,+'ut l \\;it" ;I)l+,'q ",lchl ds,po l+ II)u i i l lofIlight or so,(il \wate.r',
 
IhL-t'r+1,11111C 11114)[l11 l01011 ;I,.;iI;dblC M;IHt'. W1- h\ lilt. 1glt.iltl"spiiCillgS.
Crop)ill 


":lll,',,,i,,C (,11,-,," iN, lr..' ) thet.
l+,'ut ;1111 1 It 

(11t NI. 1nd' )1t. iMHtlt'I l lllht't.'hFl(-II~ i Ierlili/alim i of~xM ilMein
 
lI~d~ d!,- 11M1 il d IIC
1111, %CI , .Io-IICI l ~ lillef/{,rou (IntfhIneirt+'rolpingl' ;111-tdl\ H ll.)\/Cs"M I the NMit_', d], (0 -,'s' IIC 

llt HI M iI II I I 1 011 tiol lH C, Md .~ h e} i l l.t Ct~ l ()t";1 llh1 1 dI W1 , 1d h W ' \ W C,' .X p t+'lilII._'l l S c VtI I o 

,,on~ithl\%HLtgligilbt.. 	 olhtiln fltrhel iltunllatitln ()If the' lliciemir, of, 

http:It.'ct.NM
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Effect of interrow spacing and placement of nitrogen fertilizer on the grain yield ofsorghuni grown oi allTable 9. 
Alfisol and a Vertisol at ICRISAT ('enter in 1980. 

I terrot . .. Nitr ge'n aippliclim ride (kg N/lIm__) 

8)111. ig 
(cm) 

0 
lro,,It LI 1llid 

4i 
IIromd ( st 

__80 
Iimd 

Soilrghumn grimi yh'hi (kg/hii) - AIl'istil 

45 3590 060 4760 5160 5160 

90 31040 1260 ,1450 46310 4780 

1:5 2720 122(0 :1,160 :1710 84 0 

SIK 1 166 

\1, 01) 91. 0 

Sorghuim griii yi, dId (kg/him) - \'vrtisul 

15 
10 

1:190 
1:151 

:1170) 
2821 

:14 0)0 
:I090 

401501 
3166( 

4(180 
3010 

135 11 28401 2941 :14:1(0 3560 

(V (%) 6.6 

x 

~~0 

nI tl, I g rlllill li lI it llilhlf- gi'n ilid nill I 

301(I'1l1 0---.--- Q0 0---- II( N 

e 0---- - - -() 1 01 A - - 1- - - A ,1 0 N 

l21)i'l IZ'' --- 1 0I" 80-- N 

,N :iplllll'd (kg; hill) hilv~i-rim- Im hi g ((-Ilii) 

of different interrow' .spacingston file responsle of inllet toFigure 10. Effect of hnercroliling with groundujl olnd 

fertilizer nitroigen. 
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fertili/er niitit.gen on millet in all intercrop. Millet crop): addition of the groundnut intercrop
again rcspondCd well to fertiliiatiOn (Fig. 10)). further decreased yields. This effect of inter
with respounses being approximately linear over row, spacing is similar to that observed for 
file rainecxatined (0-80 kg N ha). But fertil- sorgh urn: the greater the potential for yield,
i/ation at the ligLhest tatle increased yild if) the tile greater the reduction in yield when inter
sole crip (I *\ 1(90 kg ha) much more Ih i i I'o spacing is incrcased.
 
tile 1:2 and 1:3 inteLrcops 
 increase of 55(1 and Ihus this experiment shows that the lower ef
270 kg ha. rcspcctisLlly): it also depressed ficiency of (crtili/er-nitrogen in the millet/
grotnduit \ild so that the overall adva ntiLge of grounldlUt intercrop was only partially (life to
illtLrcroppiiig diminished from a I and liliva- comipetliticti betwe'l groundnut and millet: the 
lent Ralio (IVlR ) of 1.4(1 at lo il oLl iiput to wider Spacing ,eiween millet rows was a major
IIRs ) 1.20 and 1.10 at (1and 8f) kg fLertili/er- cause oif thle lo\crL.fficielcy. 
N Ila ( lahle Ill). ()tLr expcriments itlIRI- Ill two replicates of the experiment, the fertil-
S. I (cntei hlbae also si (. If a dcclLase ill i/er nitrogen applied to the millet was labelled 
ITFRsitl increase ill nitrogen fertili,/itioi. but \'ith 'SN. Samples are still being anaiy/el. The 
thle. lFRll at high nitroglen inputs has tisiallv\ results will indicatc tile extent to which, the 
heLn glcattr thal i,unityv: in tile prLesen expeti- tound mit rows adjacent to the millet abs rbed 
tciiit rimdniut production \ims affLected ill th tile fcrtili/er applied to the millet. 
ilinds iaCSbt flie Co iin aioti of drought (uliv tion and Nitrogen
 

Strless anid feat diseasesS.
 
I his \ c;am,%\\Calso itsetivited the caulse of Itlproved cultivatioti systems may involve a 

tie dlc'CIsd I IIR \\[itli iiicLC;isd Ifert iicr deeper- and nior, thorough (list urbance of the 
nIt rOgii in this itlLroppiiY s\siclt. Ilie ie- Soil, which \would be expected tI promote min
"pouses t, en ilii,+_i 11itOcLMn \\Ce dcItlmilIiiid Lali/tiomll ol soif organic llatter and i greater

uIlIle't spMaced il lows, at the nitle distallcc supply oI mineral litlrog'li fot Crop utalkc. Pre
'IS il the 1:2 or 1:3 utip~ling s Ste., but liinarL.\ experimenits were therefore tinder
hoiIll ssiih ;i tl \ithoit t tlie grouiud itit intercrop, taken on both an ,'\Ifisol indla Vertisol: tile four 
PesIlis sliom\ thlt the millet respoilsLs arle sub- tl,';tlllcnts Consisted of tilrcc cultivation ilntell
,tintiavmlh er becaiuse of tlie widL.r Spacing sitics (tillage to 0. 5, and 10-cm depths) and tile 
pet s (thal is. s itlioiit the gimllduit inter-	 broadbed-an<l-fUToW s.ste.Ill tuicteasing the iliten

sit' of cultivatiol aiaused small inil-crases ill grain 
yield and increased nitriogcin uptake by the crop

Ilahl 10. ffeti (if nilrigen fertili/:lion of millet on ( Iable I I). Although cultivation resulted in inl
tic Imd I'lialemi:n Ratii I.110 ofa millet/ground- provd\ accessibility of soil nitrogLen to the crop,
nut inierrop. Ilrtlher sttldics lle necded to etermille thelillech

sillsmsrespotsible. 
I"'rtilzfr N 

1111 liiil1g i t 'fd I g/ hI) 
ut1i 	 1 0 (I 0i A)ttg-term41 - LonI Experiments 

Iw\o log-termlexperiments begun ill thewere 
Mit t .). 1 .72 1.MIl; past few y'ea s tms p oilprovide (Ilti long-term1 M2 (; n(',r,,udlii1 0..1 . V ().I ), :{i IInflit llttlI pratices fo r potatssiut In anid 

, i I .:i t .21 I .02 piosphltrus lertili/alion. Results of tile first full 
4-year cycle L i the plho(splhorus experinieit 

1:3 M: I;r i i. T) 	 ;5 H. H \wcre reported in ('RlIA I Annual Report 1979/ 
ti I.. . XO,I X2: :, major feature wvas the high efficiency 

of small rates of application of water-soluble 
phiosphorus. This experiment is continuing. 
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Table II. Effect of different cultivationsystems on yield and uptake ofnitrogen by cereals on aV'ertisol and Alfisol 

at I(RISAT ('enter, 1980. 

C'ult )\.Itit'll Iluvl'lhd 

till" l%)ZerS ,llhw lItt'i 	 SKI, .V 

Vtrt is 4)l i lld 4d' silrghuin ([ig/ilm ) 

:18 :1.8
(iriin 1821 2(00) 2090t 2WO) 


St rw 5880 6581) 6910 6 87( I i 1 2
3.6

.9
M(I S) 7700( 8580 9000(H 8930( 122 

V rtisld Nilriigin ui ke (kg,/ l ) 

(ra in N 18.5 21.2 2; .,1 22.5 0.72 0.7 
54.1 2.19 9.0S Irii\v-N ,10.5 46.7 54.2 

2.1 6.8W IS)-N 51).) 67.9 77.6 76.6 

Ilfi s ,1 Y ie d[ milhl1 (ig. lil) 

4ttt 8.'4t iriit 7910 9)7(0 1070 I ,1I 
2970t 31290t 166 I 1.2 Strtw 2680 291!) 


43t3t 172 8.7
((IS) 31470 :880 440tl 

Alfis4il - Nitl'ilgt i l tke tO Ighm ) 

1.09 1 .)(;riin N 15.5 18.7 2:.5 22.2 
2.34 9.4St riw-N .4.7 17.5 51.5 55.8 

(G. 2 75.0 78.01 2.(G9 7.7S 6.2:S-N 

-= g'r in, S slr',w. 

()ur long-term potassium experi- few years lo the expressiot, of the effects duePotassium. 
met, which has completed its first 2 years, \ill to potassium to become clear and distinct from 

of the onset ofl pottssitil de- any intelrseasonial variahilitv (tile to seasonalallo\ examinatito 

ficiency as the slo\ a \;ilabhle rcserves in the \wealher.
 

soil arC depleted 1) expl ' \C cropping. It \kill
 
also allio\\ detertminatiotn of the effects of itgro- Soil ('haracterization
 
Itoltic practice, such aS tcycling tt resittues 

atnd addition lairlpl\,trtd dela.\iIp )etailed charactcri/ation of the soils at I('RIof ,il 1mtr 

the onset oi pottaSsium delicicncv. SAl ('enter and olf-station sites rceived little 

In1 198(). the 211d year of the experiment. ittention until tile past fe\ years. A detailed soil 

site and sutrrounding areas isSome iratilletits appealred to he 	 ma rginilly de- survey ol the 

-


licient in potassiunm. I lttllleit 7. . and t) nearing completion b the National Bureau of 

(added Iptasshuin) gal\e signilic.llnt increases Soil Sulvey antd land (Ise Planning. locolple
we begall a surin grlllldnul pods ail stalks antd sorgittlm lod- ient this, in I)ecembr 19I) 

der (ctllparued to treitintt 3), hut there \%'lr vC\. tfthe certility stittus of thestoils inaill fieldsat 

gram yields of I('RISAT ('enter. The purpose is twofold: to prono consistent Increases in the 
vide ;i broad ineilory of soil characteristics tosorghutn, millet, or pigeonpea (Table 12). ()bvi-

needs to rtit for allothetr assist in selection of experimental sites, and toously, the experiment 
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Table 12. Grain and stalk yields in long-lerm poiassium and residue management experiment I (1R ISAT ('Tenter, 
1981. 

hillliod (;rain jold shlkl. yie'ld tkl.mh ) 

'I'rs': Il I (kg,, li) tther . urg h _ ... . IIigoIt, p(,I Mi lI (;rotsundtiut 
K ut uutslssuIt'I (;rni (:rain Stalk111lr N 1 Iq (;rasin S ilk n SonIlk (rnuiin SolIk 

1 0 of 2780 199) 320 1170 8101 tOt)0 0 1(11)
2 fi) (1, 1l ) 2(02(0 :10 11.1(o I06o 1300 970 1 I' 0 
:1 120 of 3110 290 250 120) 1251 1510 890 I 510 
.I 120 1 l0 d,, 'it rltil :r2i( :0i;|) :3:t11033 1 lO09 () [180 18( () I8 2( 

120 It I,'YM(.),,ui, ha) 1 ;li20 :32)) 1571) 155) 20(G0 86(0 15(00 

G I 0 I0'YMl5htss,Inl :12) 20"250 (;(l I67 1 H)) 1(11901(1 IW)1 
7 120 3o (260 :1l 0 ;:5 1.0)0I 1280 172) 880( I0 
8 120 (it) t2,10 :12:10 2811 1710 12:11 1870( 9t9 k 1790 
9 12)) 120 3t1,At ;t77)0 270 IIHO 1t130 1700 10fo 1840) 

17:1 t6t 1I 8 121 36 6t)51 H1 

ptlo'idle haseline lneastirlelnllls so that large methods for assessing linc status of soils is 
changes illsoil properlies with time can be merited. 
asessed. 

I ls stirev indicates hat I(lost of tIle low- Diagnostic and Predictive Tests 
lertilitv alcas hase \ry loss available phos
phlrus. ()\er at) applcia[ble aret, including all- I here has been all increasing deland within 
relost all] of tileblack soil \\atersheds, tile sur- tile Institute foir diagnostic and predicli\e test
lace sil conttiis less thn 2.5 pptf aailabh. int ol soils alld of plant tissue. We lave given 
pIlospItONus, Mheteas thte level tisutall\ Ltboted somllleaIttell(itll tlclhlolrosis olgrottlldtll, which 
0r NllulticiCtWe It) jipul. appears interlittentl' bttt %%ith increasing fl'eis,a1 least Ilte soil is atl-

tilAllisols, and til 
illca tnore alkaline \'crtisols. I Ile hlorosis appears 

kallite illIions) ficlds: (here is otl\ a ser\ sitlall tliueiv 1m(lore cotlltlollV tIle 
(all .\llisnl) ill \\Iiell tile soil rcactioll is less 

that) p1l 0. 1i srlslev has delilled belier tIle to be titleto iron deficiency. Iissue tests for 
bhtl(it soils knot\\l to be fll t rginalla Iv otuloder- dialgnosing ilt)) deficiency lne not been satis
airc salitt itt tileceltler and stutllhsest pails ot lactorv illtilte atsthey oilthepast, \\ee based 
Ihc ('elter. lotill iltllcoitelet. It is comlln to' he iron eoln-

We also deternlited thc initial erltilit\ sLIatS tent to be lighler il deficient plants thall ill iroll
of flhe\%atershed al ladltlanlpallv. used for ouir sufficient plants. Illownver, tlte 0-pllnailthro
tanlsfe o teflchilgy sludies, by collecting litle-extractable iron (an estimate of, felrlus-
Ctllpossite samttlples lIotomt each tallnel"s plt. ill leaves appears tosbe aifotll)V(oung grotilndmtl 
Ihe ssil \wa ,Io itt ilasaiiable phtosphorus' ith i satisfactorv iidex sf Itol deficiency: chlorotic 
iliea)li ppl illtile suttace leaves il%\ays coltaiilcd less than 5.5 ppmCtleellliolttloft0.X 

soil ((-15 cl). life stildard " soil\-iliilaible- estractable irsln, and hcaltlhy leaves greater 
/it" tests indicated that /itc aailabililtv was than 5.) ppm. 

atcii.C: tile at+rage COMtltttalilll being 2.7 Some prcdiintr. ta ire eilerging Itoll tile 

',e
cr. diringl ]tppill. I tle rail\ scasoll, Il'1)(' kIlS.l I jinl prssietlon tile niltrogen
\islal sVlpoltuls of /ine detleietnev were parlic- Cotentol fStssIugfltun leaves. IBy Sampling indi
tilarli
e\idnlt leaves a 
sec) otil sstgltinl. Furtlher ittsestigaitsl intt e.g., heading, the leat iltogel ess'tlt gives 

t)itllltile and \,cle tet.'situally tidlial at defiled physioslogical age, 
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tiseiful ifil'lniiathoi Ior interpreting tile litro-

gen status of plants of vuritltls tlillt-og.eln treat-

lic, ts. We art contitihg this vork to milurate 
the clelrs ofl intteastlal \weathcr conditions. 

Ite purpos o)fth+e routine analYtical laibotratory + 

located in the soil lermilitY and ( 'hclnistr\ sub-

progranl. I to pro\ le a ct',c +\ itllil the I sti-
tote forlroutin. 'ualnahscs of soil. plaill. and vsatel 
SamIples. o NSOf, oer 43 It)t aiilscsIi \eCI 
plfoiIntd. t a sI,,stanitial HiCrtast oMCeI the 
25 ff1 in each oflthe pic\ ius 2 scar.. 

In addition to pcrlt lrling loultinc analhses. 
,' lu tioltit arid III oilof icatIons (if cxstIit" 
riethods ale triadt, \here' appropliatc. One 
examiiple is the ill modification to the KjeldIhl 
ilillod lor deterrinin tne total Iitropte Coil-

tenlt of soil. I his modification, Mlicl \us origi-
nail*\ pitltscd froin \oirk on Indian soiils b 
Bal in 1)25. irrsolcs, tile soakirg o21srlbsaiiples 

oil ill Satc'. lforaihort per'ti(( befoeIC star tirIt 

tle cornir\ti2rll dtics l 1 iitliltOf Ii)tre soill S ult i-
riC rid. 

I Ire riced for this inodifrtioricM ehCnIras ratte-
I repoltCd. altliorglr its iced for tour local soils 
hias bee.' coflllilled ill nto stlges. 'Sonll' VeaIs 
ago, \\,. shmcI thelitcd fit1.othis 0 1riod1ficatiori, 
\\Iicli \\is tIln adoptled It 'i,lhi (( ini alti\scss 
(tf soils ill oill labrattr\ . RcenI dhetailed stid-
its ii te.oint prOicCt \\ithlll)('haxceorfirird 
the iced Ito [ithis imotliliciol, lpartieulal l\t 
\'ert isotIs. 

)tlierefctis are diettled at iipri rig thlie 
ilrtptl tir accurat'\ f i rlalsscs. In tlnC 

example. wc rCtuirtld a Inilul f rapii and 
arccrurate determinatiuns tif total soil ilitltigtel. 
Il digtCstitI flof.lil sirlplts bV rcid is uIsIIually 

the liniting sttp, becaluse of tile long tilleicr
quired. We theictonc examined tilhe bhock tligts-
lot systelll, ill \\iliicli a large lruiibel Otf(ligcstihni 
tubes Cill be halced al (lle tiele. ,\llernatisc 
s\'stclis ill\)\c iildisidual hcating of each 

digcstitin tube or flask. hich elquincs much 

moltire t.qrUiIllcn1 itlll futnIll ioud s[)Ipace. 
Thiie prticCLtrre ftr the sernimierri methold 

used f'rr the bloIck digestrir was similar to that 

tlscd for our existing nflacrodigL'stiol method, 
hut With nuc sIMIaller Ltlitities. INsurbsileIC 
off Incly ground soil (<X0 lcsh) is placed in a 
7.5-ml tube. and digcstcd (or- 2 Ili) after clearing 
with sulluric acid anl tHie usual allnendlents 
(K.,a() .2, ('uS() i..S. and reduced iron). In con
t ast. the Illacrod igest ioll method il\ol\'Cs use 
of I0-20 17soil, and 8(lf-n1il capacity digestiOll 
flasks. 

Ilie technique is siniple. raplid, anid accuite: 
\alhcs (21total nihrtoii detrmin-id )n 31 soil 
suarpIes \\''tc in i'\ Close ai'+heri.lt ,\\ilt the 
\ales othined b the Standard ma'rto-Kjcl
dalf lethod (lable 13). We are able to handle a 
mUilch larger ituibem r of samples ( 10( da\)tlhal 
\with the cXisting iacro-K.eldalil svstern (24
3f (itf. and i a smallc .r'a of digestion 
spate. 

ltillssilln iS one of tile. roost COilierIb't +Ic-
Illrits to rdleterhiiic ht plant tissue hccauLse it is 
riot colilbirncd structurallv with plant tissues. A 
substantial propoiltlon can ll leached out with 
water: tile Isetof a salt solution is stllicient to 

lis C all mtit,s.IOllll thellplait.t. I lie Commonl1l 
Solution Ised is either arinirinlrlirril acetate or a 
c'riibiriati(r if arrIrritrillri and lliclisitIli 
rictift. IIr\\t. ,r. bCilSt tithcr CIleiCItis ill 
plant tissrtlc e)Ilil)Iiorr liced to he determliIed. 

it is quite tlstral f r poitssiii to be deterinlled 
ill ai ancid(l digest that \\s plepared lor the 
hetr riiittiinri tleilher itIogenl ol phosphorus. 
(omrparison of tre results O(Iathl ses oif 19 dil-

Table 13. ('orrparisor| of lotal nilroget'n conte'nt (if 
soils dItermrt'd risill ir stmndard ltlnIt'l' 1tll( II 

%tnlinicro-Kjt'tihl digtsitmi procedrllre. 
...... 

V 'rlit, Atll'isI 

swillh I G 
Mi () lit N 

itIil "t,' 

Ntmr,, ().OGi9i tt.Oi 
%Iivr, 0.(f;.8 O.OB I 

dif- r i ,- llo, :,.00030 0.000:0(.000)15 

(. difI',it enc'is flir ,tciih S(mtitf. 

15 

http:mtit,s.IO
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Icrent samples of pigeonpca herbage by thrce Air-filld imrisil.v (% v/v)
 
methods (convcntional acid digestion, extrac- .
 ; 7 8 9 10 11 12 1:1 I1 15 11;
 
tion with salt solutions, and extraction with
 
0.5 N hydrochloric acid) showed that all three o02 
methods gave ithe mieat Fhe cocfsame valt. 

licicit of, variation for repeat analyses by the I",

si1ple hvdrochloric extractioll method was O---0 tl.
 
20 A - BiUl' .2 .o *;. 

.-to
Land and Water 
p
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La.nd NIainagetieiit Studies GOi-

on1\Vertisols-
It the 1980 81 crop yea.r We co lipared tile Figure II. Air-filled porosity (luring high-moisture 
broadlbed-an -furrow (1313F) system of cultiva- period on a Verlisol at I(CRISAT ('enter, 1980/81. 
tiol witlt tte flat-on-grade system ilfield-.;ie 
)lot. lot tlte ti1th consec titie crop year. life 
cropping ,-,vsttct as mti/c followcd hy chick- IIte 1131" system for tie previous 5 years to eval
pCii. Ilte rsults obtained \,Cic genecrally ill line nate tile efficietcy of, shallow culti'ation itt fur
viththtose of li\ o,iS rows tot years. facilitate limited water application toI he ;ir-fillcd-pro,,it\ licailecittits illde 
 cl;ckpea. The treaitrnnts were: 
ditng late '\tlgst ad ctlarly septeltiber I) No suippleitncttal irrigation (Control). 
slmcd that tle l-I-ctt laver illthe raised bed I., Incrtultivated iurrows: one supplnleental 
/oitc of lite tett thait itnigitiot throught flrrows at tile chickpcaBill. v,\, \,as bctter aerated 
tle CrtC'.l~otditie laver illthe flat s\stclll Hlo\lritg stage. 
(I i lbI If. I liC I'L- t lolltc r lb sl'\;llitollsdlir- I l re-irlri itioit shallow Cultivation (with 
it1it ()ctohcl ,,hm,,cd thal lile IpletLrItilol tesis- halld toes) Illfullrows: oite Suppletiienttal i'riga

1(\l illtmlC Wi -l. the iai',cd Ibcd 1oee of the tiotll throlgh Ilrlrows at tile chickpea flowering
1111 ,\'tel] tan illthe Ilat plots (lFig. 12). Slitce stage. 
the ,tlrlacc Soil t.;lsdr\ illlte title of chickpea \\c foulld tlhalt tle Ile of advance was sub
plaiitin ,this', li c tiatllioll staintiallh 
1111.bed /ollC klaotcd dcepcr sCeed phaceiticit uncultivated furrows iFig. 13). The study indi
i, ,:hti,,clv loist slbsoil. resulting ilt better cated that 

t p resistance of tlte higher illctrltiv'aled fur rows than in 

pre-irrigationt cultivation ilcracked 
crtop ctlcipecc furrows enhances irrigation efficiecy and re

suilts in a cottsidrable saving of \wItler without 

Stpplemental Irrigation Causing ally sigoifica nt diflerence in chickpea 
through BBIF Furrows graitt yields. 

It has becit observed that the application of SillnalI-Scahl tlnd ainlagemient 
limited Witer through Iurrows becoies dificu lt Studies on Alfisols 

itere substanitial cracking has occurreed.Wc 
cnitilticd a study tlutriing tle 198081 post- We started small-scale studies on Alfisol niln
raiity scaso i it a Plot that had been under ageniett int1979 to devise a land Inatagefen[It 

http:occurreed.Wc
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"oil Iloisturt, (w/w hnsis)
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ligure 12. Penetration resistance zones under BBIl and improved flat systems of cultivation onl Vertisols 
at I(RISAT Center, 1980/81. 

system that would make optimum use of avail- The shallow depth of Allhsol profiles and their 

able rainfall and soil resources. Following are wdtei-retention capacity limit the amnt of 

some of our conclusions fro Ilmore than 3 years water that can be stored for crofp growth. More

of stud: over, the low stabilita of' the topsoil promotes 
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.iromi i". 1.25 I,',. intensities f requently exceed the infiltration 
,9"5 p I 'ill iiviild 'itri'v.1\ rate, rtrllloffcailnot he avoided. lherefore, apart 

90i -- K 1*'I 1rmltechniques to minimiie undcsirable runoff, 
a field layoit is needed to channel excess 
wiler safelk to avoid cxtreme flow collclltra

, --	 tiolls, high v'elocities, and ctlse.uent crtelOll. 

Sirnultanucouslv, this would enahle the collec
i tolo f"f runoff water for surflace storage and 

later Ilse. Short-terll s well as long-term 
henefits are envisaged in this approach. 

* 	 Soi Influienlce of surface configuration. lhe air of' 
E this sltld\-, runl N'tarll\ 1979), was to ( I)inlsinlce 

Ihlcnce tihe relationship bctweel infiltration and 
by nanipulating the of' depression 

storage in the field, arid (2) reduce runofT arid 
3s Soil transport bY changing the flow patterns at 

.u 	 rlllf IC\'cl 


field leel. 
210 X Srill ru1lfl plots (It) illx 4.5 nil) w\'ere con

s ricled at two locations at I(RIS,,\T ('enter.
":ic rclllrnerts with the same11grade were 
chosen otl the basis i, the previis \'i's 

-	 experience: (A) lat. (13) standard bcd-alnd
..T .. I-	 i lurri\r I B1),(C) wave-type bed-and-furrow. 

Iii t Lit itl I e aIIscwith tied I'riiw S,(E Is I, i ll St (1)) s (I '. r 111 Came 
liti , ,>lI ur Iiii tS lI4I wilh;tll,, l \,l nltcnsive prir arv tillage. 

Iigrure 13. Effects (if culthlihrn in furrois oilmi 	 lile ilater I)inrrg t courrse tis sttidy in IXt), col
ilitteii a Vrlisol illI(ISAT (enter. lected Seditlcillof tIlle locareplication itl each 


lioll %\aii inal'/Cd lr pIrn iclC-si/e diShlribtion
 
per runlfllf cvet. lie sedimnlent load of lithe ruin-


Cirsl fn ii itrt1ld
i ltrI L , tiii , \ Ich ctuSIder- il \\;tlr a d rauiikill arnf raialill intensities 
itifiltratioil 1 I lie \Crc also mCasrllCd.ably ce duinggstrtms. II-

liri/mi acts as ;illothr barier to Vatcr itit k lhe runrilof rate from btlh ilte flat-ctltivaited
 
it ite sml pi iflile. plols (\I aid tilebedded iplots (1) increased
 

I )iiItt1 hnieh-itc l surface iIcreascd
isit ralnistor ills 	 ith raiiinll alltiit. Ihis was also 
piltditg, occurslredily. fillo.\ed quickly hy tiie for inc'asing Ir1ifall Intensity. )uiring

ritiffll, leptcssjonistorl;ll i tllcl- illmdelrate rainfall evllts lower runollff occturssllurlficc 

d ll til 

structrc. As iltl pirelillied ilrailillge pat 

tion tl tendbeo t iuc unlihle sUtilface from falt-culllivated plots than fronm hedded 
s are plots: die to tihe 1claivclh high depressron 

n\viilahlc in fl;it-ciltiated field's, the uincilt- storage calictlV it iheflat-cultivated plots., parl
irolled \ater telens to ruititfl intli naturaldcprcs- of the ruilnlff \Vlwergoes Into the Soil prIfle, 
sion. Quainltics and intensities ott ililrlf cart (he furlrows of ti beddedwhilc cormpacted le 
he high. Sheet Crosiiii andiuf rill ctilitirt arc very. plits induce cirl irnoff'. A higher storill iritcl-
Cotmmn lields, rlnlisi ciinsiderablc Sit\, ot ii longer rainfall duration reduces theilltit these 
lopsoil ltonldhcill. relative illportarlice ofllcse initial effects, aind 

Since ott many occasions rainfall is greater rirlfni froilli plots Increases filelalt-cultivatcd 
lhain tIte profile rletentioll Calpaciy and raillfall to a reduced infiltration level illger eral. 
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A conparison ol the soil loss from the stan-
dard beds (13) and wa\e-t'pe beds (C) indi-
eales a higher increase in soil loss in IBthan in C" 
with increasing rainfill duration and intensity, 
\%Inch could he ,ittiburte'd to tile higher iw 
cleities il t he liarrow Ilrrows of I eaitilielit. 

Properties oif eroded material. Finer particles 
(clay and silt), \Ihich can be transported in sns-
pension, arc eroded inire easily thal coarser 
particls., lie coascr pa|rticles are dragged 
along \ith the streinirg watelr and solle of 
therr nay settle agair I,rr cr flo\%of\Clocity 
is rcdurccd. Part of tire more sandy material 
croded lroi1 the clop ernurorirnct may\'never 
reach lhe drlainage ourtlet ol a iheld or water
shed. 

I he erosion inldex of the trapped sedimernt 

tends to becorme \ll bClo\\ unity in tine crop-
ped plots somelttie after cultikatiou. A tillag, 
operation lthat loosens the surface arid en-
riches the tlopsoil \\ith clay aid silt fron deeper 
lh\crs increascs tile crlosior of flruer particles, 
which Clt'\ates the rosionmidcx substarutially. 

It the soil palticles taken along in suspended 
orin arc also included, the crosion index be-

coII1s rurch higher. Ill order to anal'/c this, \w 

pooled the sedinent of a rnmbterIflowater 

samples. ('lay + silt percentages ranged from 
60 to 90. Table 14 shows the values of the cro
sion index Of the total soil loss froml the rrOff 
plots for a notmber of storlms. Tlhese v'alues al
ways exceed urnity. which indicates il higher 
oltllow o1 ilic particles. lnmediately after 
cultivation these kalures tend to I' . 

lhe elosioll irrdex incscs towards( the 
d owrnstreariI stretches of the drainage system. 

)ata collected piniusly for a 4-ha \watcrslcd 
indicate anl erosion+ index of 23 based oin the 
lextite of sedinucttcd mriaterial at the bottom of 
the runolf collection tank. 

Meiun-Scle LIind Mingelet 

Studies on Alfisols 
Effects of energy levels of primartry tillage. Earlier 
olsel\atiotls inl tillage cxpcrirents executed 
by our Farn l'ower arld Eqoipucrit sUbl)rogri 
clearly indicated superior Crop perlormnice 
under a system of, intcnsi\C primary tillage 
than under the s;aldrld+[ broadebd cultivaiio|n. 
Intcnsi\c tillage tne in a Imuch[Iavlsbed 

looscr condition. Since it \\as expected that this 
\\onlld influence the infiltration rate and rtnoff 
Corpolnent, in 198) \\C decided to rntll an ll
replicated lest to Cormlpare two le\els of primary 

Tablle 14. .rosion index 0 sedimnent per storm for tio Alfisul locItiols at l('RISAl (enter ill tile 198 ruinny 
5L||NmIS|, 

I,€444 tlti S ill-lll il t lld 51 ill lldo.x 

l rsh1,d \ 1(7) (8) (tl) II ) (12 tl,) 1 1) (15) (1G) (17)
 
'lr Sl,,.-edillwnl 1).8(0 1.1 1 0.72 0.52 O.., 8 0. 3,5 (0.,41 0.5,3 (0.89
 

<
TI(,tal -d im,+itiI 1.21 1AIG 1.,57 ,1.15 

\', atc,rslhedl It, (5) (G) (71 () (9) ti0) (II I 1 1 (15) 1IG) (18)
'lriplp d rd.+imni I.A 1 0. 8! 1 ].MG I l.I:1 0I.8 7 0,9!l 1 0.811 1.60il 1.28 0).9t5 .,11 

't; l s,<-d il,.t111 .1-5.1 I.85 1.35 2.11 2.43; 5.0).1 

( *I ll.\, ( Is i I (114 r1~ 

/. NiijlthoI rs IlI plir4lil, s I si rIll nlilmm imber ill Ili sc'I.mu l. 

V. Inli cl s Sitsll- 'l lt 111 II I ill wnltr.mlhI-mI, ill11 
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tillage on a more appropriatc scale, measuring Table 15 gives the runoff and estifated soil
diflcrences in crop perl'ornalce and runoff. loss data based ol hand-sampling of ountflow-
Ilhie inarea which these plots wCrc loaied has ing water during the runoffte'Cnt. 

been tilnder permnent broadhed cultiv\atl(ii A summary of the observations (Table 16)
Since I97X. ()ne plot rccci\cd the normal pri- shows the superi)oitv of the intcnsi\c systcm of 
marx iillage trcatmct: in the oilier plot the primary tillage bth in \'ield ad lbulk density.'-Splil-Stip-plow ystem \\a usled. All other .,thh tihe diflcrncC in the qtntity of, soil
operationis \wCre: the Sallc I'mr boli treatlllnets. loss may ble(ileto anl imperfect sampling 

Table 15. Iffecti of level of primary lillge on runoff and soil loss in tin mireplicated study on :mnAlfisol tit 
I( ,IS.,AT ('enter. 

Split strill lhm-t-d ,Stmitdard p~lowe'd 
', . 1111tt (IlII ii'iltnil ll IS 1Y I (sI'S Is11I(mT h ssl Iliilllll 1 1111 (k I ) (I (kg Im IOllIn 


•uR. :ai) 2; ; t t 13 1.2 8 
. tI I t1 ..4 2 2 5 3 1 G 

1t'I8 0.5 ).8

21 . 1:37 2(i.6 118 

21 72.6 .,1 ,1.1 
1:1.8 172 17.7 87 

1 22.5 1.1 1.201.3 3 0.3 '1
:;;IJ 41.'4 6 5.2 91 

21 '1.7 0i.3 ND0 1 ND 

18.7 3:16 60.5 282 

Nt :INt,I r't-rdh 1. 

Table 16. Summary of observamijons on the effect (f fle intensity of primary tillage oinsoil moisttre, bulk density,
amd pearl millet .%iel( oil.in1Alfisoli I( RISAT (enter. 

plting (",) M MVP h~tv,,itmeig ()I Hilk 1,11111 {;,'il
0l-(W 1(0-20 2().3() 6-I10 1(-20) '(- (helsily igl yiv'Idi(l hll, 


T[r(-n IIli I )(- n Villl CM11('1C ' It 11 ( 1 
lll 

(gl c 3 (cmIl) (k g/ ]11i)
 

SlitI -sIrii Ili,; evd 5.2 (. 1 .I ; .1 2.3 7.8 1.18 1,12 184 1 
Shm(V hrd I 
SEl,1 

d :1.5 
0.22 

5.!1 
0,37 

.8 0 ,I 
01.9 1().06 

1.7 
01.30 

7.3 
01.85 

1.55 
0.0)17 

133 
2.3 

150 3 
105 

C V (";J 
16.6 2 
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method, there is a tendency for higher soil loss 

in the split-strip-plowed treatient, which may 

well he ditue soils.to the Ioosel 

Watershed D~evelopmnlent inl 


on-Farm Studies 

Taddaripilly village. Ani arlea of 15.42 ha was 
selected in kiedak I)istrict fmr .i198I rainy

season test and dellionstlration of, the inproved 

soil, \ater, alid crop iialnagemlielt techinlology 

descloped at I( ISAIF for tiledfeel) Vertisols. 

lhis isa cooperative proicct between l'AR. AI'AP t, 

Alldhra Pradesh State )epartinent of Agricul-

ture, I(RIS\ I . and the watershed alllmers. 
a
IWR'ISA I pi-rmlided tile lecli c backul. hile 

the .\llhilit Ilralesh State .\gricl ituirC l)Clpart-

mcIIlt did tie iliitiall contoir Sltr\ey lld sluper-

\ised the coiistructiol of tihe mainl wiatera's. 
[he 14 inlt\s edlused ani-.fairmers their own\l 


inals and land deelfopii
labor for tlnt and suIb-

SCtlUC'lt Ollffllaitls' 


m led ill
)n the blsis of the comtour l pllepl 

Niatch 1981 and isud inspection, locali,ed 


l s were scllled and deplessiols filled] to 


create atuniform slope. Ihel the mw directioln 

\%as determined for each of tileplots so that a 

furrow slope bt cucii (.411 and ).8'; '.isavail

able ill most cases. 

ield drains \\ee coilstructcd 1) the kirliers 

itsadvised b\ IRISA I to dilect runillltfrom tme 

fields. lirece cutotfl dliills ini tlhefields and two 

Ililil \ate \iVs parallel itothe road were coi-

strucied, so that excess \wiltercouldl flowolTfreely 

into iatuiralchaniels. [igire 14io\\s thewatershcd 

and adjoiniig area alter full devellllmelt. 

6.1 mnan hours per ha. Ihe construction o"field 

drains, which is extreniel important f l proper 

surf'ace drainage, retqtilred( onl\y 1.6 tool carrier 

hours and 1.8 nian hours per hl. Only 11bout 3 

(liys totll6C \\'its relutired to clrry olut all 

land tlv ep lctiitics.m 


II ydrologic Modeling and Simulation 

INI()I) testing ,IIId verification. We used 

the Ilrn;ietl iiC INModel ()l)forhydrolgic 

modeling of the 1979 and 1980 rainy seasons. 

Additional datalresulted ill further ref litileiits. 

Using the ial vcrsiol. the rurioff 1or tw\o 

Vertisol watcrsheds \was also Computed for 

previous years., and some llillor difltrences 

\were observed Illl earlier predictiolls. lhe 

rc.,tits from 1974 to I1980 are siminari,ed iil 

Table 17. 

We have low gaiiled sifficient experience in 
niodelinig the ICR ISA Vertisol tersheds and 

ill apply RI N NICI ) to our Alfisol watersheds. 

Later. hydrologic data ws'ill be ob aiined from 

Smiiill \'atersheds oluside andl(IC"RISAl tested 

wili RIN\I()l).\Withstcliextenisi\e\alidationi. 
it should be possible to predict rofff I' allny 

nelw location \\ithl accuracV and reliability. 

Alternative Farming Systems 

Crop yields and rainfall Ipoduttivities. The 

Uliite objective Of ou1r stCirshed-based Ic

search is to determine It()\\.rainfall call e llore 

effectively utilized. Ill the 1980f 81 seasol we 

conducted experimeits to determliie tileI\els 
protduclCi\it cnto which all e iticeaised viteln 

iimlioed varieties and clopllaillinlgellent (ill
luhdimug farm11eqlUiineniiit)ae colinibinied w\'it 

h farers id u the brdes and fur-anagement techniques tt prm te i 
ros s with the wheeled tool cairrier a diitheir OW[I 

bullocks. Altholugh the bullocks \ere not used 

to \willking illstraighiti ows,tihey learued quickly.i1lerhull\e.i
I~~~t~~uiili11/0Ter 

ertilier application. plaiitinig. and inuercuiltua-

tioill \were carried out with time tool carrier. 

The average litlie for" layout and 
of' broadbeds was 10.4 tool carrier 

19.3 man hours per hlia.hile 

sumoothing needed 3.0 tool carrier 

preparati.iil 
hours and 

initial land 
hours and 

siu soil aid moisture eoiservatioii with and 
sithit supplemental Irrigation from collected 
rtinl or loca.llv as iila bIe grontiter.MiliitilitgIiOClli-11i1Vlg.litl 


Ihe yields, vross retlirns, and the aimifall pro

ductivit ies varied grcatlv amuiomm our mlainl 
watershed treatments. Inder rainled colnli

tiolis the crop values on Leep \erilisols raiiged 

Irom Rs 7938 ha fur i sequential crop of iai/e 

and chickl ea io which iipioed soil and crop 
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''AI)IDANI'AILy ' A I'I: ,1ll) 

l' ul N..... )'l1'o''l ih itnl lly Villige9 

1.24) 
21 1.20 
I1,I 1.231.21 2) . 

5 1.50 
S!183 .I 

7 2.18 
8 0.52 
9 0.25 
10 0.29 

12 1.52 
13 0.19 

15 0.29 
IHi 1.25 
17 0,56 
8 0. 10 
19 0.20( 

0.2) 

(7) 
I'ig.rc, .Illll ll opr te r'a pll. ---_c -) Nlairc (198 

irr 

522 

Im, 

F~iure 14. Detvelopmentof Taddanpally Verisol waershed, Nbrell1981. F 
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Table 17. Sunmmry of RiNNNIO) performance (1974-80). 

nnllt Corri,lit itill runintl c, iilm li d r hvillI il Miiisuri01ill111ili) 0111101)C I'Id'iv 
Wltelorshi ll/v(,llr (110 

ilh hroui llwl-iid I'llrriw sM; 1,i'ili 

11.1775.91974 
9611.9 15;.7 

1976 (118.1 7 1.6 

1977 5231.5 (I).0 

(178 1062.7 

1975 

27 01.G 
72.911)79 (,~6 10.i1 121.812 1.-9
198 

ii id nil h iN'ith I it I'i w it Id 

77,1.2 2 103 
966; .5 2,19.7 

1971 


1975 
1(971 606M;.2 2091.3I 

52.1i515.6 

(978 1053l.6 
977 

4 09I.2 

;(l).2 178.( 

595,2 ((13.5 
1979 

1980 

ilinaglenielt methods and optiilim levels of 

cllelical lertili/eF \were applie(d, to Rs 655 la 
1or sole ostrail'ly-seisonl Soilhul grown with 

local cOmmllOIl iiillaigCli.1il adilcultivation 

two 

tall IproYdncliViV o1 RS II I and Rs 95 cm waler, 


res l'~Liiely, per hctlirc. I of \l1 so1 lthecrop 


\allies \aieid ftroll Rs 3789 for plarl mille) 


pigeollpea inlecrop willi iinpro\cd pract'icCs 1o 


Rs 132 lo1 sole sorghum \wl h existing pctlces. 

lhe corresponding rainlall prliducti\'itics %ec'C 

Rs 51 Rs cm \atcr per hclirec. 

practices. 1ihcsc sysllls attained a raill-

and 1.80 ' re-

speclively. I he highest crop value iolI(s 1 184 

was obltined with ;IsCLIuenItlill crop o1 imli/c-

chickpei in the Vertisol using all inproved 

practices with onte snpplenlentarv irrigation 

applied to the chickpc at f'lovering. 'lie result-

ing rainfall pioductivity vatie was Rs 142 cm 

per ha. 

Ect'onoliit perormance. We determined the 


iet retlirlis for the alternative l'rllling systeis 


by stiblracling tne produclion costs from gross 


returns (crop valeiha). The production costs 


0.972112.3 

155.4 ().9 8 

i.941 7 

(.0 
70.2 

200.9 0.180 

78.6 0.99 2
115.7 0l.17t1l 

nv-Sv aIIlli(S, rsi y sili flliw 

0.9 74211.1 
0.981281. 
0.15G190611 

50.5 0.88(0 

,i05.3 0.987 
0.9 15115.7 

176.2 0.98(1
 

included the field operations of primary tillage, 

sowing, spraying. weeding, inteltullivatiol, an(d 

harvesling and mlaerial inpulls: seeds. ert iller, 

For the deep Vertiinsecticides an1d herhlicides. 


sols the highlest net rellurn Rs 5822 ha olhwas 

laimCd in ilesCeL1uniil crop 0I imaie-chickpcli 

with iinprii\ed Soil Mid cro1 l1ilgcillCil1 praIc

lices, aid ile o\csI nt rclurn W,s3 13 ha) 1n 

lhe sole poslrailnv-sc Isoil sor0,iir1in1 11inglrIli

tinal practices. I:or the AlIsolsi h lct leturils 

ranged from Rs 1715 olnan intercrop olpearl 

millet anid pigeolipea under Haltcultivalion with 

iinprovcd crop lilanagellenll Ipracices, ioaloss ol 

Rs 2502 ia lorthe timlitiiiul soil iltll crop 

MliCl1cic t prlactices. 

('ollboritive Studies 

Iwo coopcralive research proJects with I AR 

through A I('R P I)A \ere started ill1977: FS-I 

resourcc development., cllservatiloll, a,'' utili

/atioll \ iih reference to soil and water: and 

FS-2 hydrologic stiules to iiprlove land and 

water uliliation inl small agricultural waler



sheds in the SAT of. Indit. FS-I was initi ted at 
seven AI('RPID)A cmters in 1977. Fourteen ol 
the 23 A I'R Il)A (entre ale Io.' Particilating 
in I:S-I (bahie 18). 

(jenlral ilriormalio of' the experimental 
aleas Inllr I"S-I at difllerent locations is pre-
scnted in labll 19. 

I he restl. otlainled so falr il both "S-I aind 
".S-2 S tidies hie sllonll Some delee of loca-

1 itISpe .Cilici.,. W ith ihe iI\I'rihrble resealch 
(alti it is still dillietil to ge'erali resiilis and 
v\ork mIlilllti rcllr\ed laud IllirIagen practie 

lbtle I. AI( 'I )cnters (A cPI) ooper Ihirg ,iI IIR 
.AI in IS-I suldi( , 

Y,';i, 

ii', (li(illtirs 

.\khi. :i ;t1n.,ni,tlhi r*v, 
ll~ittliI, Ii,rtr, tl iiti,' 

'-,," tiijn~iirl j I j tt.l,,hl. .tlhr-i, l ;jt,,l 
,i , h ii -. \'irtin ipr 


'l h,19. (;t nerl inlformn;imi of lt, t,\ptrimetnt, 

I,will..';t Sm<Il I ,pIl
,11 


Iun Ih p k
Ih 


A -11 c litl k•111;11. 1 MA'dilin l r(11.7, 


<I1* ik,.t \tliM-',
t thho-k 


M, itiiiu il , 
N;ll hl I,-p rd I ;ill 

i i ', ,,,pr id I lfir llii 
I ,d(v Bhtl l,, r,. h ,inl u i 

l~ i;n -u . u. -+il 


t 'h1 iit t1,,t 
I'd; mIlur I ,n "Y)is 

s 
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Ir larger areas, largely due to temporal and 
spatial variation ol conditions at \afriois lo.a
tions. I Imowveur, some o thle general results and 
broad indications emerging Iron lhe studies as 
Iepolrted bY AICR IA) and I(RISA scientists 
dhring tileAnnul I-Aaluation Working (rounp 
Meeting hcld 'rom17 to 19 Ma1urch 1981 atre: 
1. [he broad bed-aiill-fIrrow svsteiII per
lbrilled better thin 
 other larnd reatillelits oil 
inediti to deep black soils (Vertisols) at I('RI-
SA ('ler. ludore (foI' ripe i). Akolal (blr 
coltboiI). ar1id lIhlir', (Ifol sorghtlill). I ov.eer. 
the system vas lttpar \'ilhilthe other land treat
merclits for soiliigtl tIlai/' at Ild(lo . 

;i1u-11-gr ridLIlmL2. Flat so\ and(1t. liter ;t 
1ly erablrd (totr im i/',) a id flat so,',ir tas atI IS\I (eInt Ir . e perl ror td irt par w itIhCer or
beel r thalt thle broadbed-aid-llrrt\ SyseIl 

under light-rd soils (Alfisols) and shlort-dilra
tioll li-ht rains. I ltm e .r, till( r iprolhotged
duration light rains, tIe bro (be~ll-ilfi-ll[ri[ ) 'w 

Svstem yielded slightlY hetler results (for. crops 
like pli np l). 
3 1 ndcr ellldiulml to slhallow black soils (Ver

tic Inrce'ptisuls) as at RISAT l (enter. land 
tllt.etint lltsdid rit iappel.tir oi Ilhluir e perlor

(lillefrTita o i lrit crops. 

uirtlir,, slul. it differetl AI(CUPI). ( enuters.undter IFS-I 

l ll
(; h,; l,:xpv rm wW'll in NoridH m mIIII I
 
'+I-pI , ) (h)Il


t 
m-el' ra~inh'ill (oam ) 

I.1 - 1.5 3.20t0l O _+ 

1 -jll( 0,1; 78.M1 0 .7,4 9:36 

I .20 722 

I 2.57 57:1 
t - 2 2.80 II,II) 
2.5 7.Ml) 825
 
.5 
 I..11 7(1) 

().,18 II180 

(.:120i I 1tOff 
1 
 II 
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4. Performance of pearl millet i, the b.ol-
bed-and-furrow systci under light soils in tile 

low-rainfall region of.lodhpur was consider;,bly 
better than other land treatments studied. 
5. [here was no marked improvement in soil-
prohile moisture storage through imposition of 

land treatments. Further. there was less varia-
tion in soil moisture dte to various land treat-
ments than tile variation in soil moisture over 

lme d LIring the crop period. 

6. lhe broad bed-and -I' rrow syste i pro-

duced less runoff and soil loss tmmedium-
deep to deep black soils at ICR ISAT Center 
and the medium black soils at the AICRl'lI)A 
stations at Sholaptir and Akola. I owever, there 
was more runoff in the broadhed-and-Irow 
system at .lJdhpur (loamy sald). Iangalore 

(red lateritic), lyderabad (shallow red soils), 
and at IC S' I (Centel (shallow red and black 
soils) than in tile otlier Svslems sttidied. 

I )le to the sceming site specificity of' the re-
stilts, a llore ptirposelill hollogelcolls grollp-
ilng of cenlers \kili respcct to soils, crops, and 

raintlll was suggested as necessall.V to lacili-

tate analysis aind Iltc'rpreta iot of research 

restilts. 
Wilh I'eSpect to FS-2 studies, in particular, 

whose lprililary purpose is to gelneraliie data oil 

runiiofl collection and recycling and oln opela-

tional-scale testing of farmling system colllpo-

nenits, we hope that by 1982 83 the basic infor-

nilatiolli on rtiollf quaitity and ate will becoie 

av'ailable to deterilmine the feasibility of" tiuloff 

fl'lmin g. 

Farm Power and Equipment 

I'valtiuation of Iow-('ost 
Tool (arriers 

Developed at ICRI SA" to ensure the quality 
and timeliness of farm operations, tile aniimal
drawn wheeled tool carrier, with attachments is 

an important component in our watershed-based 

improved farming systems. However, an economic 
analysis of the improved farming systems using 
tile locally manulactured wheeled tool carriers 
reveals that many farmers in the SAT areas may 
not be able to afford tile $ I(XX) cost of this machine. 
Therel'ore, development and evaltiation of low
cost tool carriers with comparable versatility is 

an important activity in this subprogram. 
Five lachinery sy'stels the .\gribar, Akola 

cart, low horse-power (Ho tiyer) tractor, Nikart, 
and Tropicultor were comllpared 'or their per
forlnance on it Vertisol watershed (!1W3A) it 
ICRISAT Center. Ihe Agribar and Akola carl 

are low-cost tool carriers. Ihe Agribar is a1 

simple T-frame with a beai to which the bll
lock yoke is attached (]andia toolbar similar to 

that used oln the otlier tool carriers. Iwo small 

wheels at either en1d of, the toolbar are used to 

transport the Agribar andl also to prlo\ide depih 

adjmstment. A lever at both cnds of the toolbar is 

tised to raise and lower the implement. Tile 

Akola cart was described inl the 1978 79 

ICRISAT Annual Report and the Nikart in the 

1979 80 I('R ISAT Anntial Report. lThe tractor 

. lht 'm rl'v i'f u d\0 II( IIS.1 I / or ire tell/te-(llit/ itrr it/tihattf. I. to R: .liA t t art..Itriitoi,114,1.c1'hed 0' 



was included because a lev, Indian SAT Ilarniers 
own tractors, anid other farmers have access to 
tractor hire services. 

In th comtparative performance, perrient, 
mai/c \was grown inl tle rainy scason lolowed'cd 
by chicklpca in the postraily season. The oper-

otilus evaluated include plowing, cultivation. 
hcd shaping, ridging, planting, fertiliicrapplica-
tion. and utcrtos\ cultivMtior. ()bservatiors 
recoriled lor each operation include pull force 
required, oprating ime in each hed. ad1( titr-
ing tim,. It \%ias not possible to record the pull 
foi)c' ft the tractor treatment (lif ito lack of 
insiltl llciiltila i[. 

[lie aertage pull reuiired for \l'ius operi 
lions \,,iti the foulr tool carriers is presented inl 
[able 20. Although there \\cre significant difler-
cuces btxceutl tnean ales fol se\valfti+ pull 
opelatiions \with diffrent tool carriers, there \uas 
notdelfiite plttern to suggest that operations 
\\ith onIe tool C~ufricn Ceonsist.lttl\ reqtired more 
dralt. lie *\kola cart iad smaller attachmcnts 
thian tihti Cof tle other tool cirir,, lft plosvinrg 

la hl 20. A*,rimtv pollIf orce reqllired for \i;rionis o~ril' 

Ak' I 
I: 	 A gt I i ir 

I g 1'I0 2 Ii)
I'1J\;11I 	 1,1I" 1801 

It',d -,h;1pln (lg IM;9019 

I'lItl Iw! 81; 89 

IJu. ln 1I 12t 117 

ii liV;t 'i~i It I i95 

( i'ul1".:ItI-11 71 131 
I,11g 1nn: 121 125 

Fi.,,rt I l/ rr 
; l)l II iilI i 91 Ni) 
Pihin 1'g1 1't10 

N I 'l ,I , I n.icd. ,rvi(I 
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and bed shaping, resulting iin low pull valuos for 
these Operations. 

Machin e hours required per lhectare for dif
ferent operations by the five machinery svs
terns arc presented illTlble 21. For all opera
t1ons the tra,ctor rCqLIuird the least tine. The 
animal-drawn tool carriers did not show any 
significant difference in machine hours re
quired to .,)ItplCtc In givCn operation. It 
should be mnrtiond that the figures presented 
here arc v'a;d only for. comparing the different 
types of tool carrier, becaisec the plot size in 
this studyv \tas small. and lhths no stoppages, due 
either to hunian oi machine factors. were 
inclucldd. 

Ihis studs' showed that the draft reuliremtt 
lfor \vIOls Operatutiors (foes not depend tipol 
the si/c or" type of tool carrriers. The type o' 
implemcnt attached, its si/c. and soil conditions 
are tite determiing factors. lie field capacity 
ofaru111sI\ts llinal-dr (foes riotof w1 tool carriers 
differ ,icuilficantl. in tile broadhed-,rid-flrrow 
s+\stCmt o+icultikanlhor. 

liolrs iith four tool carriers (I(RIISA (enter, 1980). 

t iv
 

1' 11tm. N i. rt St. f.
 

227 	 2ti6 Iot.7 Itt
1:11 	 18 1 7.2 9l 

205 7 .3I 8 

87 	 91 2.;t a7 

12i I 5.,5 9 

891 81; 3.5 8 

I'12 145 8.9 12 
1,17 87 5.3 9) 

82 81 0.9 2 
ti19 109 6I9 it1 



Table 21. Machine hours required per heclare for differetl operations hy ive machinery systems (('URISAT 

Center, 1980 rainy season). 

t'Iui\.iig & 
s. 'loi'iv,,hd 

Milchinory .Nh- 11, propn-lipli., 
.... 


C mLr--ms,.d t,,,I tc rrivr 

Agrilmr 9I 
i 1tc itIti.r 10{.7 

'Trat',r 8.A 

N litrt 8.7 

!),,
%(.11 9.n 

St: 1 0..9 

)evelopmenl of a Fertilizer Drill 

I )evelopirrent ol I suitahle tcrt ilcr metering 

unit lir tile \,,heeled tool ciarrilers hegaln 2 years 

ago ( 1978 7) l R ISA I Annual Report). Hie 
Isic princill r1tsolsd't ill the oscuiltor 

titcrin nreclrarnisi. \\its described ill the 

[larmlio\Cr arnd ltKillprlcrt ',Tttiot O t il 

197 ) ,\rnnual Repolt. l)uring tire V a" undcr 

reportit, \NC ilicli/d tte design of at lolr-ro\ 

osciilatorv h.ertili/er drill ilnld used it as air 

attichment to the I itpiuttltor and Nikart to 

apply a I tlose(,ils ofu rlllrintilti phospate 

and side dressing \\ lit ilnrCon about a 10(-ia 

area. 
A scliernitic diaglail of it toil-lowtlt li/er 

drill mountted orr it Nikarrt along with unit planrt-

ers is gi\e'l in Figure 15. 1lie hopper hiolds 25 

kg of' lertililer. tIus t ttirri g lout1r lilliilgs pl'r 

liectare at i ratile of 10) kg lra. Ilhe rontring 

frartre is filbticatd flrolll rild sfel and is 

tilr- Sullporting points or the Nikart. Ilie l 

ends of this Iraine at tile reat rest itt tire sockets 

buiilt ott the left and right irel ,ttpptrrt Iegs to 

recuse the carl frlame. I re ttrorirrtirrg Irallitr is 

held il pIrsitior tIotigh art arrCiror clinriped ilt 

tire iront end of the Nikart. 
lhre rIo\\Cr to (irive tlre sstetm is taken frmr 

hlie left \vlrcl of tie Nikart through trictiorr tct-
tact of a drive wire ott ilIre left tire. I re dri\c 

8wjii~b & lnttrr3v, 
%Nil'drl.Itg l i+ft i' 

v ltll 
..hr,'Im .. .
 

-1tl..7 6i.0 20.6 

2.2 5.5 17.1 
I.) 5.1 2(0.1 

1.91 1.7 15.0 
117.32.4 6.2 

3.0 5 . G) 

1.2 0. G 

wheel supplies power to adrive shaft hat has a 
call at the other cld. The oscillatorv motion to 

the collcaVL is given through a colllecting rod. 

hlie lertiliier application rat++ is vailled by 

chillging the position of the connectirg rod ottl 

tile concailc amill.I lie colcav ari i inhas cight 

equidistant gradatiorrs lot caibration f tilet 

tcrtili/er drill. \ssuming bullock walkirne 

speed ol I in sec, a caill speed of 90 Ipitl was 

found to be ernoughito gi\e at litliorrin pattern 

of, lertili/cr drop along tie to\\. 

lire oscillatory fertilier drill \\ias tested for 

th+riliorrrrity oi netering tertili/er aniong all lolr 

spouts at eight adiusterrnt positions ot lie 

coirn.cting rod. )ata presernted irr lahl 22 oil 

rilair dischirge rate 01 +.llillrllrilflphrtsphate 

sirow tit ill rrrost applici tirols the drill could he 

tse.d at art iltdiustlr et hetwee t tire secotrd and 

liftir positonit, which olcrs a rt air ige. Ill adjust

ret positiotns I throtugh 7 tie ('V alies arc 

gclrreallv %,ell withir -file accepted tirge of 

t 12.5rI . At position 8 the fcrtili/er drill appeirs 

to he too seirsitive to pick tip diffelCIrces irt the 

discharge rates within the replicatirrns as \well 

+ishetween spotlts. 
lire calctiated S valtics differ greatly 

aIlrrong tire spotlts at '.11amtiistniernt ptsitiorr. 

[iris was partiailly because spotit tno. 3 tetded 

to give relatively higher idischarge than tire 

others. lihcsc h ri avariations earne miiniid to 
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I'han totr ,'l,til p lw rize~rhIm 


SI ~ ~ ~ ~ c rucc)I~v~I~ o 

F 4lrl\ 41~lwhe ° 

I11ve 

Figure 15. Planter .ith fertilizer drill mounted on tile Nikart tool carrier. 

gleat exLtent b illlpro ing the nitfi cturingnlil 

tiWlit. 1thaS been obser\Cd that the position of 
tile rakcr "trip \\itli respect to the concave is at 
major factor in dctcrnl-irig tire output of tire 
cetil/cr. 

I lie actlal relationship of the fertili/er dis-
chargc (,)1 and the adjustnent (istaicc(, is 
sli lu In litgiicr l0.It should be lloted that \hilt 
tileclesiull ioffcrs the acili\ of raking icotin-
iOus djtilsttniet fol acculrac_'in settiing. i slight 

e'Iror in tilepositiol of the cOMne 'tiugIod ltthe 

CcrLIc \ ie \ill Cause dillereriees ilnthe
ailrl \\\idC 


rate. +lrippl llt ci I ls desi ppeals to lbe\ery 
,i lot cleter icnirl 

dirliniciiucrni , cnd atind a 

PrlcIc i tcir a1:n phicsphile. 
plihsplhate. Irrea. 

nciinrfuet.urer i ll ceribahla. India. is making a 
of1prcctc peshillited liib"cr \c for Cs ltlitiol in 

[ie I98[ plaltilig seasonr. 

Meastliremlen t at ('vluation 
of Seed Deptlh Variation 

)ntile Alliscdls, plant establishl ent cf Sclghini l 
anid licrl Irillet hils rict cha \ b .eI ,ecess-
Iurl. and rilrpcer pllntiiglepth i,suspected to 
be all n ripctillt Crurse. lhertilier arnd seed are 

placed through the furrow openers attached to 
the toolbar otl'the animal-drawn tool carrier, and 
tile frrt openers are set to a required depth. 
I\wve\r, once lo\Crcd into the working posi
t lon furrow openers nm in in a fixed positile re 
tion relaiti\e to the wheels. hich take ovet 
depth Control. Illls, accillacy of the depth of 
seed place ill largely depeldneit planting \\ill 
onttlie u iornrit\ of the bed height. A tillage 
experiitent %\its on AIfisol fieldConducted an 
R NI I()) to illclasul co planting depthC the effect 

iliplait establishlriiei arnd to usI to
e the data 

sitiniltIe plant estliliuiient. [ou r prirrrary till
age ni tlicuds (described irr the 1979 80 ('Rl-
S.\ I Annual Repolt) based on the brcrdbed
and-fIrro\ s\ stern s\ere Crlated. A spring 
title hallr(ls rmounted he een tiic twcr ridgers 
silloollrcd tire soil and gme tileseedbed its 
firn!l scarpe. [his prc\i(ed t siltcother. more 

uniformly shaped bed thani tile normal bed 
shaper. For ecch treatlrient arr 81)-rn-Ictng bed 
\a, planted. (oitiliicus recording ol the Soil 
s,urfacc elevritio til p ess wast e wheel pro
\ided b1 ,1 !irilr .indisplacem en t m eter actuated 
b\ the vertical rlir\crcrl cf tie press Cheel as 
it fcllh\\Ced tire bed oritctr. Ile rileter. esscn
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viphslltc (28-28-0) 	from four spoults of the oscillato) fertilizer drill .1Table 22. Mean dishirlc of aniiniu 

various adjustment 	 iositiins for 10-m distance (Cl(RISA (enter, 1980). 

Adjust, OIomkli, mu~t d is,Mianrg ,tQ(I m s i t il x 	 Si l . h;o ' 
SqV+ (,!.

tiM .	 0,111l IMI. (g ) 

.1.5 	 1 1 :t.))( 3.0) G 

2 1,1. ; 1.2 2 

:1 174.7 3.0 5 
,I 1t6.1 	 1.2 G 

1 .! 1;
2;.0 	 1). 0 

2 	 79.1 1.7 Ii 

3 89.1 1.7 5 

,I 7:1.2 O.1 ,1 

1 	 57.1 1.5 77.5 
2 	 54.5 1.1 G 

3 58.7 1.1 5 

I 53.3 0.f; :I 

i)21.7 091).(1 	 1 
2 	 :G. 1 0.9 7 

5 10.5 	 20.,0 0.9 12 

2 	 2:1.7 0,lG 7 

;12.11 7
10.8 
8'22.5 0.7 

12.0 1 	 15.1 0.7 1I 

2 	 18.9 0.5 8 

:1 22.1 0.7 9 

,6 9(1. 0.7 12 

II .1 IA 10 
17.5 82 	 1.1.5 (). I 

31 16.7 .I I; 
t I 1.2 (1. 3 

7.0 (. G 2615.1 18 	
2 I (.8 0.:1 I) 

:1 14.5 I. i 12 
18
I .37. 


(lable 23). Ilof plantingtially it straight sliding ptelltionllter. wls Nas nited skewncss 

;lCtllVilC. tilepctages ol s'edsCOnhieCtld lit a slip 'hrilt iCcoldel. dCp~th 

Inilorlil i , C'\prese-'d is litesalda rd CxpcCtCd to fall \\itllin a specilic lCdpth illcral 

the mean %\Cfe culalted and cotll

samc heds, :)I ont.idc the C\pCiiCntiial ca a %% the obtained dil-eN 
deviationiIo tihe lcli!t.' ClCation lrol tle aritttl 

pared ith 	 resilts lot 

rOf xss IW IesnnInlltl 


InCnt ir \ c1ti.,Itjii iI tile tCttill sCCd depth. letcfe f e icrclalion \%ia,, c\ i(clnt.
 
3-Im F\ ot sCdlinus excaxated taIt-	 s io CCxi\aItel sCClings. A high 

dlv'\ planting)1the Iti0 ,,t,,iOfclcxUttitti lli t, t'd 1f Seedlings Cxcatat.d 14 iIltlct 

nlnlo i skandess. ollh tine tleatllnllt SlhiCd lilrge itikidnuill (litlclCCs inI dexcltpandilll 

dViatCd rm ntnali.,. adL in tO CaSCs there mnent (expressed in (Ir\ \\Cighl tf ith llixc
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200 Simultion. Assuming norma1lity of the distri
bution of seed depths. the potential emergence

S\was sinlted by setting a planting depth ())F. Srllitiild ftovitltiln and assunling a standard deviation (0). The 
1501 Q 289.2 Hr,' Sil- (; N) probability of seeds falling withilia chosen

"-d o.! (small) interval starting at 1) + 3 0 was enal
tnated. The determined prohahility was multi
plied by tile a\erage expected emergence ocn 
tie interval. Ihese tNso steps \were repeated tun
til the loll (greater than 99(' ) l;Inge of plnting 
deptlis as comercd. In [igure 17a the lavcr-hy
laver contribntiir: t emergence and total 

. . . . 12t .. . 1 0 1 2 1 1 "G 

X . CM ------ I.a P", 
1o(It

Figuiire 16. Ammonium ihosplhate discharge rate its - I. 

affected I the adjustment position of the 
caure. 

lalde 23. A eraige depil, %tIndr(lr diaLtin, kurlo
si,. and skei' ness of ehlatirn (listribution Iait;i i)

scv(I-dell i ;rialion sljdI 
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(a) (h) 

Figiure 17. Fre(luency disiri hlion of sioholated Ilitngli lld( part"I,), slich \cre signilicaltlv Cor-relatd \Nit h dpthlh o1 plaInlling.exCpt energence per (l.2-cnlII er: 1, phllIllng dephtIfr() tillige 11.7 cm, total emergence 66% 3 cm,n )), planting depth 5cl,trcltment I (split-strip tillage). , 1.7 cm, to1111 emergence 49%. 
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potenti;al eiergence .rle shown. A i average 
planting depth ot3 cm and a standard deviatiol 

ol 0.7 cm has been assumed. The maximunm 

potential eniergene would he 73"i if all seeds 

wcre planted It3 cm. 

Figure I71 sho\s the possible planting pat-

tern protdticcd in a rough seedlbed or \with an 

incorrectly set planting depth o1 5 cm, \which 
COuld result illa prolonged emergence peliod 

\with seedlings Of %ariousheights. Figure IX,on 

tile eMfects oft I'Ige ol p)laInting deplt; aid 

Stalndard d\iatiolns on sillti1ated emelrgence,. 

show,5 tile top illtotal eller ele when plant-

ing depth iS not set accurately and wien tile 
expected Standard dmeiation increases. It also 

becomes cleal tllat tileoptintlt ''Seedling 

depti Shilts a,,lie Standard deviition Ill-

crIease. 
I lie seedbhed pIepailtionto lol this stud\ 


de\ated from I(R IS,\ I,'sstandard practice 


\l+ie ahbed Itoliner Shapes' the hd b\ mealns 


Of deI'+ctor hoards that rediStriibut tilesoil 


useresults illtllevell planting depths. The of"a 

rigidly fixed frame fitting with a spring tooth 

harrow used in this experiment produces more 

even soil distrihution. No accumulation occurs 
when the depth is properly set, resulting in a 

uliform bed illthe direction of travel. 

Tenl rary Holding of
 
ri 

Rainy-seasol. HaIlrvested ('rops 

lhe harvest ofl rainy-seasoll Crops occurs iI 

the m11onlthS of1SeptebIleCr and earl (kjtoher. a 

period ol higllraI prohability. I [arx+cst at this 

time also LollpLtes \\ith land preparatiotn ald 

planting of postralinV-seistm crops. Ierelore 
'
 

the larmer lneeds some me1.alls of telllploll.a 

Sale storage of tie haivle.sted Crops until tievt 

Call hbe tIhreshed. 
[le lse of alnatural ventilalion sStCIl is 

practical fbr Storing higIh-inoisture mai/c ears 
in open Cribs after h)rxct. IIusked inai/c eats 

altahot l Content be2) moisture caln tored 

o\+ tilte bed Soil ;ntl Sonetines trashl tacl- saftel ilcribs for about 8 \\eeks e\Cn under 

InlulaItt in 11011t OttihcoIlctor until the dCllec-

ttis slip MCr thieti. I heli the dtlcto'rts start 

acculuilatiiit the sol ;iLgaNi.and tileprocCss iS 

contlilnonsl\ ICpeated so that a \at\\ bed 

slipe is trnled ill the diretioltot tltravel. Ihis 

7n y 0)779in.7 

,,Cn" 
: .--

?. ," / , ---I ,+' 

nh-X ' /Installtio, 

./ 

i 
30 

3 5 

l'htnting depth it,,,) 


Figure 18. Effect of planting depth on simulatled emer-

gence for i arious ussunied seedbed roughness indices, 

uiihs aret.uite hulid Cnditions. prO\ideld tilt b 

prttperly designed. We undertook a Stuy to 

determiine tilesuitable si/e of crihs under the 

\'a+,thcr Ctndititins oflI Iderabad and to (leter

llne tileralh losses during storage het\mecn 

thieshliig. 

IIased tin our result.s \%itll we 
hlarBest land 

crihs il 197X, 

csonirticted t\tu Cribs each of, threc \idtlis itl 
: 8),) 10. 120 cm mide: tt() cl lonig: aitl

015) high. priuidiing t\m replictitins of eachcm i 

sIe hiev \%ere installed pe peidicutlar Itothe 
pre aliling \viral dicdtitll. 

l e crihs \\,..r,. l lpain els hu .as ylalhri'+altet [5, 

disnlailtliug, and int+\cillent, Ilhe 

Crib foir \as ahout (0 ciillabto\C the ground So 

that the grtIld under tilecribs could be kept 

.lce frlollm \cecds and attack Ctuld he prerallt 

\eilted. ( )ne round crib (12)-cll dia: 200 Ciin 
high) built inI1)79 \%as also filled \%ith nai/e 

ears. [lie saiiipling localtiotnts in these cribs 
\%ere selected to form t lil atrices sho n ill 

"1ables 24 and 25. 
[lie cribs %\retilled initile3rd weetk of 

witi mai/e ears with at initialSeptemher 198(0 
o 32-351 ,. Before fiiling,grain Inioistitre content 



-- 

24.Flabih.Samiipe., h .liiu, for r'.cimlilr rihb. 

('rib w.idlh ('h . rih fgh 
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21 30 ( I 11 
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0) . ;i) :;)i) It ;
1) 0 

1) 
 )0 tl 0 300 7 5 

Tblhh 25. Sapil11. h)oc'Itin% for round crib (121t-cn 
diii: 2tt-ciu hi th)tietidlal ( II.\ (Wtl r illl9HO. 

Irn I. 1110flihWil) S:1 nI)IIp<.h ili* (clm)" 

21D) 3 1 ;ii 
0 G)(1

I) O;1
tio 6\hilc 

*II}' +".I liiti ,'I tii) I I lhto I il)h iii ' -The. .a s.r +1rIii t. ,wahl'i(sO i 1 ) tht 

d' it- r(i . 

thle Cars \\Ce soed to lr )u iiiim ttirl higlh-
iilistire,. dlallhia.edl. andttnlliiskedf ones. Ihie 
alrs \%Cie reliliitel illthe crihs till .nic 191X to 

o)hscr . the efetet () insect attack i( cltiiII, 
illllioisture Contet. thColor., gerllinatiotile and 
pel,.. I le totall
Itil+'C. uiantitl\ f ears stored ii 
the cihs \as ahout 3(0toinfles. 

(Itram s, lsIC, il)tli %%CigliIIig 250 g \ C.ie 
t1a\s.n frotill
each siiplpling lcation illthe Crihs, 

hv a Sampling prohe. Saiiplc \.erc (I
lrmlasn 
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twce a week until the liioisture stahili/e.d, alterwhich samples wCre drai once a llontil. [ eli 

l)istlur variatioli illthe niai/e grains is shown 
ill[igure 19. Ihere was no sigrificant diflr
eni'.ce istllreillmo1 Content het%%nc\l d]ifferent 
locations in the salic crib. Similarly the mois-
Itliure not vary significantly with theContenit did 

width of the cl ih. 1lie moisture Content of, the
 
stored Cars (lcereased rapidly (hiring the first
 

y

(05- 5 ta ' i ,tl~
006 asosoage ,) l .++ i) 1 +i ll.f'rom 35"i to I2V7 and
 
tllei r_'iliined coltlant for tile re.Cmainling
 
period. lhe il illtostire with
variatiol content 

luraition of storac is significant the 5(';
level 
and %\its not allecled by the interinitent rains 
dlliig the storage period. IhC g'ainl mlloistlreC 
content ol thle stored ears het\Ccll replicatiols 
\as not Significani t at the 511 lnl. It was 

el that the illoistnre content oflall tile 
rectalni liI "crihs gave the Saime pattern of ' 
\aii iti itlhrespect t) the d te oflstorage 

alter filling.
 
Ilhe qnltitatie lo due I) insect inlfestation
 

illthe grainls \ws Calculated by Countiig the 
total i111niu r of raill , and the llilllh rs Ill
fested ii 5()-&,saimples takin at t\\ locations 1in 
e+ach crih alt15-day intmrsl. Ihe (lata oil ill
sect infestation iiteii t%' ill the 
stoled. ears 

lllllll
I,sho\%d that the Illi.l llnsctII n .eltitM1 1 o1 
2.5' ,i,,ohscrx.f itthe mte siil ice ( the
 
\%id( st rcc II lar (12) fiIcr
'tIni ciih cI)I 234 
days. the ears at the centerl had 1.5 "'in-
II1tion. Ilie 
rs in the round ,erih had the 

leaist insect infesttation t the cetei. as \ell is 
at the olter slflac oflthe cI . )robalylv titleto 
guood il iIi through the Crih. 

Data on thle effect of Storage (durationi onl the 
percntt u llinatiol of 'iie i nll'illisshowed 
that thoe from the Surface of tIe Crib dc
clised lastcr thal those from the cclter illall 
thie cihs. hichlav he dIte to Clacking (Ithe 
exposed graills and possiblv hat Ctitn of the 
inside grains. I lie a\er',age \aliatioti illgraill 
erillilt ill CCitr was htween 86 andtilet 

9'907. hile for the oili surface it ranged he
twecli 68 and 90)17 

It is c1ear (tom the resulIs tl t mlliil Cei', caJn 
hi stolCd salcly Ior short periods ill(lie 10)-era
wide rectadiigular crihs. I lie ca s cani he stored 

http:30h03!\1.se
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(rib tiiz (uin) 'lypt 
:35 0, 6O 80 x I ectti~gi Iarlt(x 150 

0 0((1 x (10 x 50 Ichllgihkr 
30 (}0 x 120(x 150 eciingiilar 

x 120 x 200 Round 

25 0 1 

0*0 0 

"!f.
 

5

0 I I I I I I I I I I 1 

2(0 4(0 i 0 80) 1(0 1201 11( 1i0 18(0 2(001 2211 2,10 
IOn\s of' id;,slrvailim s ;d'lcr lhilinp4 

Figure 19. Moisture variation in maize grain on ears tinder temporary storage in cribs at ICR ISAT Center, 1980. 

in the 120-ema-diameter round cribs with virt- ing a wider range of promising systems for both
 

ally no damage, butt tihe\ have the disadvantage Vertisols and Alfisols.
 

of litited capacitv.
 

Effects of Nutrient and Moisture 
Stress in Intercropping 

Cropping Systems Nutrients. In 1979 we reported in detail the 
effects of high or low nitrogen applied to millet 

Because of the special importance of intercrop- in millet ground nut intercropping at 1: 1and 1:3 

ping to the poorer farmers of the SAT, our main row arrangements. Ihese treatments were con

objective continued to be the development of a tinued in 1980 as part of a larger experiment, but 

better understanding of this system. During unfortunately the inherent fertility oftheexperi

1980 8 1 our crop physiological studies in inter- mental site resulted in only stnall responses to 

cropping focused on tile low-fertilitv atd low- applied fertilizer. Ilowever, growth of tile crops 

moisture contditions typical ofimany SAT flarms, was very good, and the experiment afforded a 

but work continued on effects of plant popu la- particularly good example of tihe competitive 

(ion, genotypes, yield stability, and legumes, and(1 complementary effects that call occur 

'here has also been an important step forward in between these two ,rops. 

developing disease studies in cooperation with At high fertility (100 kg, ha N and 50 kg iha 

pathologists in I(CRISAl's crop improvement P0s to millet an( 50 kg' ha Pl>O, to groundutit) 

programs. We continued our work on identify- sole millet yielded 7(080 kgha dry matter and 



2280 kg ha grain, and sole groutndntut .,, d"Ided 

3080 kg ha d ry matter and 2100 kg ha pods. In 

the intercrops the greater Competitive ability of
 
millet resulted in a marked increase in yield per 

plant compared willi the sole crop (Fig. 20): f'in! 

ield pci plant approxiiatel,,doulled in the :l1 
r0w aura ngcMu2i Mid appro.imIatelk tripled in 
tile 1:3 ro\ arlullgelmll. Inl outIrast. te pool(" 
coilptiti\e abilit\ ' of the groaitdlitt resulted ii 
det_'rcasCd \ih..lds per plant d(1uring the period of 
peak millet gromth, ,especiallyimt tile 1:1 row 
arrangecuict v, hcre millet Competitio \was More 
SCuese.A the millet neared matulrity, and thiei 
alter mttillet halcst, the grolndnllt \as able to 
Compensate. and flinal \icld advalt+ges of iter-
'Opplilg or seed tld pod yields (is Calculated 

1) a lanl equivalent ratio I, ) \ere 3611 and 
28"1'; t the 1:1 anmd 1:3 ro\, arrangements, 
respectis clv. Ihesc are in line \ith the ad 

la ss\c quo11tCd earlier otr this combination, and 

I 

I 
I 18 

li6 

.,, 

/
0
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they represent very worthwhile increases at good 
yield levels. 

Moisture. In 1981 a sunnerexperiment using 
a line-source sprinkler technique confirmed that 
with ittercropping combinations based on 
sorghlum, millet, and groundnut, relative yield 
ad(liages increased with increase in moisture 
stress. Advantages in the stress situations w\'ere 
not so high its in the previously reported 1980 
cxperiie nt, however, probably because Some 
rainfall and cloudy weatler between 60 and 80 
days iter sowing redunced the degree ofl stress. 

('orisidering the treatments across the line 
source from 'lo Stress" to "tlloiaxiitllStress", 
and using the same curveN-fitting technique as 
presented last year, we found that the combina
tions ofl I row sorghtm :2 ro\s groundnut and I 
row sorghti : 3 rows groundnut gave yield 

advantages increasing from 17 to 58% and 10 to 

o .. . -- I : I~ n rq 

It-


In x

1981)ain) a /ot 21) 10 Il 5 O 7 8 /""
0 :o4-0 0 7 l o 0 N11 1 
 1i
 

tire 20t. D"r ' i prp ,'ntr i it rc r Iiepped perImillet and groundomit I('HIS A'enterin the 
i 

http:appro.im


15('i, respectis cly. Sinlarly, the advantages vith 

I roW sorghtm :1 ro, millet jIR wsCd from1 10 to 

.'.1lhie eflects %lilt, millet g oundnutttt sserIc es" 

plronounced: the 1:1 and 1:2 tos alriliienicnts 

gie irncreases froim I to 28"(*atid 21 to 32('(' trespec-

tilC. but 1:3 10\% aIIngemCnt gia\s' its tlliIxi-

a(,litage Ulldelr "'io stess'' anid thei 

slihtl, decleasing adsantages with, iincrasing 

stress. dli \k ill iesti,,d aid dIs-

mu11m11 

diata be 

cussed inlllrlei dtail lolloInL furthler cXpii-

rerits in this sri , 

Nilrigen \ waiter interictions. As.,,outlid 

ihos. \%C IiI\ oblbtaincd gOod esi(deuce thalt 
interropping im, he palticiularly henclicial 

here thereis stss f"lor nitrogen or nioisture. A,,n 
inmpIorltant adkaricc this sealr \sls to bring these 

90l--

Nol- o-----o lul.-, r ":U, 

Ir I rr"igitI i(qli-,,,io.io. 
70 - N, <l. 

G 

Fill 

101 

two tactors together 11 a summer experiment so 

the interaction hetwen lhcl could be exami
nte. Ai ilterrop ot I ro\, millet: 3 rows 

1ioturlnut \%,wcomparel v,'ith sole crops on a 

,lialo\\ to iiidiiiI Alo s.here' i loss-fe'rtility 

asitulltiOn \%;Is CIISIId \ gro\\ Ilig plel oils 

crop of lti 'tili~cd tiie. Nitrgen l\ls wereC'l 

and 100 kg Ia N (applied orl\ to millet), and 

these \,,C lfactriallv combine tsso 110is,ithhM 

tore les , (ilation 2) dilxs,. aiidsutressir sr.\C\ 
nIto stress (irligatiol esrs I0 dass). 

iro tli pthittcius aie claii discernihic from 

the light inteCeTiCon (lt'i(IlIgs. 21:l. 1, c. d). 

, stress hoth nitlogenl and olllistlreWihh tol 

IlIig.2Ia). the sole crops growth s\its cry slow, 

initialy, palrliciilarl\ the millet. A routine irriga
tion at 63 (lays, and an uneilcxpected 78 rini ol 

I 
,"+ 

,
 
\Ifp -a 

b 

2o. -iI .0 50 GO 7o 80 90 1r(it Il 

Figuare 2I. Light iilerceptioir hrsole crops and1(intllercrop oif peairt orrI let a nd groiiidiinuI nder mroist tire stress a iic 
nitlrogen stress. 
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Figure 211h. Light interception by sole crops and inlercrop of pearl millet an(I groundnut under nitrogen stress. 

rainfall in the next few days, produced a rapid 2Ic)and vie!d (Fig. 22) of' illet. Thus,although 
response in the groundnut hut niot in the millet, the groundnut was limited by moisture availabil
presumably because the millet had already itv, the millet was mainly limited by nitrogen 
passed its lmaximum leal-area ind:x and period availability. As expected. however, when both 
of leaf expansion. [he rainft II probably nitrogen stress and moisture stress were relieved 
incCasCd final \'iCls of both crops, however, oil the millet its light interception was even 
bcuse these wcrc higher than anticipated after greater ( Fig. 2Id) and there was a strong positive 
the initial wevere stress. Sole millet yicldcd interaction on final yield (Fig. 22). 
2138( 29) kg ha dry matte: and 939 (I6) kg ha [Light- and water-use efficiencies were exam
grain, wile sole groundrnut yielded 2351(t32) ired ri terms of the amount of dry matter pro
kg ha dry matter and 763(!-21) kg ha pods (Fig. dlused per unit of light intercepted or per unit of 
22). we ter transpired. Where there was stress for nit-

Relieving moisture stress but not nitrogen rogen and/ or water, the light-use efficiency was 
stress produced a marked increase inilight inter- 23-31, higher in intercrevping than sole crop
ception ( Fir. 21 b)aid yield (Fig. 22);- ,ronmld- ping and the water-use efficiency was 20-27% 
nut but, very surprisingly, it prodced only sumall higher. Where there was no stress, light-use efli
responses in millet. In contrast, rclievin .gnitro- ciericy was only 12% higher and water-use effi
geri stress but not moisture stress gave substan- cicncy only 14("0 higher. This supports earlier 
tial responscs in both light intception (Fig. indications that thiis combination is more likely 
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Figure 21c. I.ight interception ly sole crops and intercrop of pearl millet ind groudnut inder moisture stress. 

to give improved resource use, and is thus More pigeon pea populations ranging from 15 000 to 
likely to produce higher yields, when resources 130 000 plants/ ha. Findings have been consis
are limiting. tent over the past 3years and the mean effects are 

given in Figure 23. 
Plant Population in Intercropping With all row arrangements there was a con

sistent pigeonpea yield response to increase in 
Sorghuni/pigeonpea. This year we carried out pigeon pea population, though this was small 
a third and final experiment to determilie the above the 40 000 or 70 000 plants/ ha treatments 
optim uim row arrangement and tle ilid sorghumoptimum it was largely offset by adecrease inl 
pigeonpea population flor he I50-cm broadbeds yield. A similar comn pensation be een the crops 
on tle Vertisols. Row arrangemcnts were tile occurred in the row arruiagement trcatiments 
standard 2 sorghunl: I pigeonlfea oi 45-cm rows where the SITI S and PSSP treatments gave 
with pigeonpea in the middle of the bed (SPS), higlicr pigeonlpea yield but lower sorghtmn yield 
and 2 sorghum: 2 pigconpea oii 30-cm rows with thani the standard ,SPS arrangement. Bec !se of 
either sorghuni ol tile outside of tile bed (SPPS) these compensatory effects there was little differ
or pigconpea on tile outside of the bed ence ingross returns between treatments. Maxi
(PSSP) these last two arrangements differ in nmim gross return was from the SPPS 

practice because of the 60-cm gap between out- arrangement (Rs 8042/ha), but this was only a 
side rows of adjacent beds. There were five little higher than the maximurl from the PSSP 
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Figure 21(d. Light interception hy sole crops and intercrop (ofpearl millet and groundnut under no stress. 

arrangement (Rs 7742,,ha) or the standarid SPS weredays) intereropped with CSII-6 sorghum 
arra ngement (Rs 7553 hia). In view of' the (1(18 days). Sorghium yield was good in the sole 
increased difficulties wvithI interrofw cultivations crop (418 1 kg! ha), and only a little lcss in inter
on the 3t)-cm row arrangements, the standard cropping with II Y3A (94%Y of sole crop) or C-1I 
SlVS arrangenient is probafbly the best practical (92(,,,,), but it experienced rather more competi
ctmpromiise. Ini coiifirmiationi (if earlier studies, tion f'rom tlie bushy and early-spreading BDN-l 
lie results ind1icate that thle pigeonpea popu Ia- (87%/(). Chianiges in pigeonpea popula t ion had no 
ionl should1( be at least equniva lent to thle soile crop effect oil soirgliuin yield.

optimiumn of' 40 (000 plants hia. The coimpact II Y3A gave a poor yield in sole 
As part of a mitfltilocation trial firganiied with crop (398 kg!' ha) and] a poor iintercroip perfor

(lie All India Cotrdinated Srghum Iprove- 1 61(

Project,)ent we conductehai experimnt this bushy 


malce (249 kg" or if sole crop). The 
IN-l Ind tlie spreading (- I gave much 

year to determle whether populatin response betterani very similar sole crop yields (1029 and 
in in1terropping differed witIi pigeonpea ge i- 10301kg1a, respectively), but C-1l gave iuch 
type on aif heepVertisol. [lie experiment will run better intercrop performance(849 kg ha, or 82%
for 2 years. so the first year's results are pres- ofsole crop) than IlN-I (7(4 kg/ ha, or68% of
eited gemtiy iY3Abriefly. ligconpa genotypes sole crop). Tihese genotypce responses confirm 
compact, harvested din 

(bslih, 178 days), aid C-Il (spreading, 188 C-I I is better adapted to intercropping with 

at 2(2 days), 1N- earlier ications that a spreadilng genotype like 
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sorghum than either a compact one like IIY3A 
that is unable to conpensate ac ross tile sorgli l 


rows, or a bushy, early-spreading one like l)N-
I that produces too much interspecies compeli-

tion in the early stages. These differences are 

highlighted by tile inean total l.F Rs, which were 
1.74 for Cl 1U1.56 for iHY3A.and 1.55 for lI)N-I. 

Our preliminary observations indicate that 

the poptlation response of these genotvpes also 

differs in intercropping, C-I Igiving no response 

above the sole crop optimum oft40 000 plants/ 

bill both Il)N-I and IIY3A giving higher yields 

at 8) 0(0 plants, ha. 

M illet/ grou itit. In pre'ious c;als V used a 

litilmr ol'systematic designs to examine plant 

population and spatial arrangement effects ill 

intcrcropping. [his veat r a series of experiments 

was initiated with a ,,iillet grotidnut intercrop 

t -xanmine the efficiency and reliability (If sonle 

of these designs colpared wilh convcniolnal 

desiglns. Millet:grounti t .mv alrlangellients 

1:1, 1:3. and 1:5 in 301-cm io\ s %,.ereexamiinel at 
within-ro%%millet spacings of 120. 61, 30. and 15 

cin (NI I. Ni2, M3,and N14). Ilhese treainentcs 

were repeated s\itih tile amlie millet spacings but 

without tilegroullndnut so the effect of ground-

nil competition oilthe millet could he (Ileir

tined. Comparisons of the (lillerent designs will 

be presented in a later iepolt, but stile ot the 

coipetilivc effects ire presented here. 
the seiisiill (Fig. 24)Observatilons throughout 

showed that tillering in sole and intercropped 

millet increased iS \\ithin-r(w spacing increased. 

In initercropping, it furher increased at all excepi 

as distance betwciin illctrowstie N1 I spacing 

increased. Ihe otilission of groundlut produced 

little further increase in tillering at the N/14 spac-

ing at ill' if thlit row alrrligenlents,1i-inlercrop 
ticaitiing that at this den,e within-row spacing of 

millet t lie groundlilt prod nccd little comnpetit'ive 

effect. As spacings (if milleti within-rowm 

increased, hIow ver, ihe (itlis:i(tn of groundlnult 

progressi\ely inicreased tillering, indicating the 

of grl n(in iltincreasing importatce 

c(m petiti n. 

lIhiese tillering respomises in the millet resulted 


in marked increases inheads., plant as the within-
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row spacing increased, and to some extent as the 
distance between millet rows was increased in 
intercropping (Fig. 25). Mean yield: head 
showed smaller increases, bit both characters 
contributed to large increases in yield / plant. The 
eflect of the groundnut competition observed 
above was largely on heads plant. (iroundnut 
vield, plant was decreased both by decrease il 
millet wit i n-row spacing and in distance 
between millet rows. 

(;enotypes for Intercropping 

last year we sumniaried 3 years of Vertisol 
experiments in which we hae bcen collaborat
ing with the ICRISAT pigeonpea breeders to 
evaluate genotypes suitable I'r intercropping. 
1his year 16 genotypes were evaluated on both 
Vertisols and Alfisols with a standard ('SI1-6 
Sorghum. 

Sole sol'ghtmll yields \were very good and 
rather higher (o the All isol (4737 kg lia) than on 
the \'crtisol (4120 kg ha). In intercropping, 
sorghulll yields \were depressed lore oil tlie 
AlIlisol (mean \as 92I' of sole crop) than oil the 
\'crt'sol (96 1 of' sole crop), an effect that was 

reported iin the physiology studies last \car. 
ll ov cr, absolute sorghum; yiclds inl intercrop-
ping ,crc still slightly higher oin AlIisol (4358 
kg la) than ont Vertisol (3955 kg li 

IPigeonpea vields \%tc also higher on the 
Allisol. ranging lti-o 353 to 1433 with a mean of 
892 kn compared %\ill379 to 911 with apa. 
mean of' 607 kg ha (,it the Vertisol. Rather sur-
prisiugly. ite,crop yield as it pr)portit of sole 
crop wts also on average higher on the Allisol 
(73' ) than on the Vertisol (60l)). rcsulting in 

oen bigger differences hewtxecu absolute iiter-

crop yields (266 to 931 kg h iitha mean o65( 
kg ha oii the Allisol, 179 to 523 kg lia with i 

mean of 355 kg ha ott the Vcrtisol).lheseresults 
highlight tile paiticitlarly iniportant role that 
pigeonfpei intererffopping has on Allisols 
because. (espite their hy\\er soil-misttre stor-
ige, these soil', can still Ilroduce high pigeompea 
yilds and, unlike the Vertisols. they rarely pro-

ide opportunitics lor alternative systems of two 
consecuttive Crops. 
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()n the Vertisol, genotype response supported 
olur earlier results, some ol the poorest sorghum 
yields and lowest total I.FRs being associated 
\k ith the dwarf bushy character. and some of the 
best pigeonpea performances and highest total 
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lElRs being associated with spreading or semi-

compact characters (e.g., C-I I, I(CPI.-I 0, 
1016982-6). Further, as in most ol our previous 
Vertisol stu.dies. there was no particularly close 

relationship between intercrop pCrformance and 

sole crop performance: there was no significant 
Correlation between intercrop yield and sole 
crop yield, no significant rank correlation 

bctwcen sole cropping and intcrcropping, and 

there was a significant genotype x cropping sys-

tenls interaction. ()n the Allisol, however, there 

was less indication of the required plant type. 

Also, intcrcrop perfornance was more closely 

related to sole crop prflormance: there was a 

significant correlation between intercrop yield 

and sole crop yield, a signiicant rink correlatiln 

between sole croppiig and iniercropping, and 

lno significanit getCIoypc x c oppiig systcl inler-

action. IhesC prelininary rcsults suggcst that flor 

the Allisols the nced to exalia~li'l genotypes 

specilically in tile intcrcrlopping situation might 

not be quite so critical as on the Vctlisols: but 

firm conclusions Ciln be dmli ollv after further 

sitidy, 

lilhf/groundnut. [aritu studie.,s init.lictd 

that In millet grouindiuit interclonrping the rank-

ing of' getnotypes of onW Crop is relativclv midc-

pendent of genlotype of the other crop. lhis 

suggested thfat, lt least ill the carlv Stages of 

screening, refaticely largc iutliirfiers of gcnotypes of 

cithercrop could be caluated by growing them 

with a stalindard genotype of the other crlop. Ihis 

year tile screening of millet genotpes agiinst a 

stanldar(l(grounduiit gct-liepc (R33-1 I \tas 

inilMiiC&:21) gmClit\peS %arvillg ill Imlltuit\, 

height, and tilheriir, ability \were grnll in sole 

crop (oin 30-cm rows (1185 11f) plais hia), sole 

cropi on 60-cm ro\%s (92 S0l plants ha), and 

i-liacemn nt 1:1mille't : grOLundnt intcroCupS of 

and 1:4 (oin 3(-cm i\s. Inortutnatel\, because 

Of carl\ cessation of rainsanl sc\Clt: C'ol'.,por. 

main role of tile experiment became to evaluate 
only the millet performance. 

Millet yields were very good, the sole crop 
yields on 30-cm rows ranging from 2409 to 4354 
kg ha. Compared with this treatment, and aver

aged over all genotypes. yield per plant increased 
by 60"; in the I:1 inticrcrop and 105" inllte 1:4 
intcrcrop. I IseluIl furthcr information was 

obtained on the role of tillering in intcr-cropping: 

in the 1:1 intercrop 50( of'the increased yield per 

plant was attributed to increased yield of' the 

iain stem, 15('; to increased yield of existing 
tillers, and 35"i to the production oi more tillers; 

conmparlble figures for the 1:4 intercrop were 
42(,', 1V', and 47(. 

For the Individual genotypes, yields in both 

intercrop situations w'erc largely dependetit on 

sole crop yields, and ini all three situations five of* 

the top six gcntoivpes 'erc coi on (1}K560. 

WC-C75, N1131I-Il , IMS7Xt)3, and (700250

25) x (2287-3-3--1 ). Ihis sti.gests that in this 
- ' 

ipartitc-ular CXritihntl iltCriLOp perfor i anc e 

could ha\C been predicted reasonably well froll 

syole crop pcrlfrlance. Ilowc.er. a slightly 

lower correlation bct\ecen intelcrti and sole 
crop yiids lt the 1:4 siltiitiotn (r: - 0.54) con

pared \%ithi the 1:1 situation r - 0.68) may inli

catc that the need lor selecting in intercroppitig 

could becomeiloic clucial as millet becomes a 

lo\Cr propottioii of the sySICIti and individual 

genotypic expression bcconcs 1urorc important. 

It is also of intercst that, is ill the population 

experinleilt rclirtcd ahmlio. there was little con

sistlelt evidence tf any groutndnlt comleition 

with tIle millet; mian millet yields \were 2922 

kg ha in tile 1-cm sole crop and 2854 kg ha in 

the 1:1 intu1errop. 'his Suggests that useful 

scecening inight le done simlyl] by glowing 

millet at the same poplilatololl and Spatial ar

rangtcneniti as ill inltecropiling hut excluding tie 

gronindnut. Mote delinit Conclusions oil these 

possible screetning priceduires must await 

attack, the interlopped gitIudnutlt yields were 

poolr (average 483 kg hi), a1t intereroppihlg 

advaritiges wCIC Small (otnl thrce cotnibill iolns 

exceeded 20" ). I he se lo\ grolndnut yields also 

made it imipossible to detect tire effect of dilCr-

S 

uirtheriCsearcCh. 

IFast year \\c reported itl detail the results of i 

tiunililer-Scilsa experinlt fhat examined the 

Pielot-lrinICCof SiX grolTndnlUt gClloty.psC lder 

dillercnt durations and intensities of cereal coll

cnlt millet genotypCs itgrolundnut yiCd, so the pictition. [his was repeated this year, including 
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an additional genotype (M-13), but findings 
from this area of research will he summarized 
and presented in future reports. 

Sorghunt/millet. \Ve examined i bigger range 
ofgCnotypes in sorghtuin. millet intercropping 
nine genotypes of each crop in all combinations 
on hoth i a Vertisol anid In Alfisol. Genotypes 
were chosen to give a wide ra nge of heights and 
maturitics. ()in the Alfisol. height differences 
ranged from ai millet 130-cm taller than a 
sorghtrti to i sorgltIin 180 cm taller than a 
inillet, and niaturity differences ranged frot a 
millet 10 days later than a sorghul to atsorghul 
32 davs later than i a millet: on lh Vertisol. the 
coruuparahle ligures \wcre 118 andI I I cm , id 9 
aind 31 da\s. As in previous years all intercrops 
\\ cic gross ri iiI alterrnate 45-cr rtows. 

(in ilie Alfisol yields of both crops were quite 
good, sole crops ranging frormi 1789 to- 5884 
kg hi for sorghuln and 1366 to 2984 kg hi for 
inillct. lotal IV1Rs ranged frormi 0.78 to 1.42. 

\%iih only 15 of the X1 comihinations giving a 
valic less tha i unity. As in last yea'rs experi-

itll, Illaturity differences had little effect either 
oil compctitivc ability or total IER. But each 
coIponient bccarmie increasingly comupetiti\vc is 
its height iicreased relati\e .o the other collipo-
nielir. and although this i1 ant that the increase in 
yicld ini one coriipoiemnt was largely offset by the 
associated ldcreaseinl viehl of the other corlpo-

eint. the total I.T Rs tended to he greater where 
millet wkas the taller cornponcnt. 

On the \ertisol the sorghuml suftered ii fairly 
sc\re shoot fly attack, hut w ith theexception of 
one gClltype (135-1. 879 kg hI) sole crop yields 
\\trc still quile good. ranging fronti 1835 to 4000 
kg Ia. Sole millet yiclds \\ere good, Ianigilrg 
frormi 1728 to 3252 kg lia. [lie range of total 
IFRs (0.79 to 1.39) \was \cry similar to that oil 
the Allisol, bur the airage \%as I little lo\%c'rand 
rather roi coiUbiniatioris (25) had values less 
thuall unity. Again, height differences had a 

this may have been because the situations where 
millet was more competitive were often those 
where shoot fly attack had lowered the sorghum 
contribution and this decreased tile total LER. 

This yea r's studies have confirmed the trends 
that have been emerging over previous seasons, 
and the work is now terminated. 

Chickpea/sorghum. Previous experiments 
have indicated that the yield benefits of inter
cropping chickpea with sorghium in lhe post
rainy season are relatively low (10--2K' ), but no 
range of chickpea genotypes has been explored. 
Ihis year five were examined: Annigeri (48 days 
to 50(V flowering), .16-62 (5 1 days), ICCC-4 (56 
days), K-850 (60 days), aid ( G-130 (68 days). 
They were cxamined in alternate rows with 
sorghurn (our previous studies had indicated this 
was tile optim uiw'M% arrangement) at a conl
stant chickpea population (167 000 plants,,ha) 
aind with three different sorghtii populations 
(30 000. 60 000, aind 90 000 plants; hi). Because 
of the carly cessation tof rains, tipper soil layers 
were dry at sowingand the experiment wasgiven 
i light irrigation for gernminationlad an addi
tional 20 nim after 20 days to facilitate thinning 
and top dressing. 

in sile crop, sorghumll yields were good (a1 
maximumfo13121 kg hi at 901000 plants,' ha), as 
were yields of chickpea (Annigeri, 1232 kgiha; 
.(i-62. 1297 kg hlia: ICCC-4, 1051 kg ha; K-850, 
1137 kg ha) except for thc latest-riaturinggeno
type (M 130, 576 kg ha). However, there was no 
consi:,tent evidulce of any intercropping advan
tage, and ill the above ordler of genotypes total 
I.FR niians over the three sorghunii populations 
\%cre 1.02, 1.04, 1.03. 1.01, arnd 0.99. With all 
geniotypes. Inicreasing the soirghllll population 
increiscd the sorgliuml contribution but corn
nicrisurratelv reduced the chickpea one; across 
the fi\c licitypes, the sorghuiri :chickpea IR 
riine~ls for life 30 000, ( 0 000., and 90 (100 plants 

i hi stlghirnl pipuilitiorns \\ere 0.52:0.50, 0.68: 
rimarked effect of) colnpetiti\C ability, birt Illatl- 11.34. arid (.75:0.27. rcspccti\cly. 
riivy dillcreniccs had little effect either oil coinpeti
ti\e abilit\ or total I.IR. Ii contrast to the 
Alfisol. total I.Rs tended to be greater where Yield Stability in lntercropping
sorghuill \was the iitle colnipetitive coriponent: Stability studies il sorghuin pigeonpea (2:1 

http:0.52:0.50
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rom%arrangmetlmt .srglThm unillct (1:1), millet 

gro1i1ililtit (1:3), and pigconlpea groundlnlt 

(1:5) were Continucd in nine situations across 

I'R ISAF ('Centcr, rangig 'trou shallow Allisol 

to deep \'ertisol and incolporating diflttrnt 

intensities of \++'+diilg and plant protection. 
1)De:iiled stability analysis \%+ill requile data from 

flrthel .eaisolls, but sole interesting pointers 

ha: atlcadv ,inciged ol the beh'avi o lof both 

sole crops and illerecrops 'ross the dilTercni 

nl-rolinclitts. 
Soghluntit icldcd \,Cl as a SoC Crop at all 

locations except an tslnpravd tWIC whlre it 
tailed conplilelv because ot pest attack. But when 
inicrclroppCd \%fith pigeOnlpCa it suttlred quite i 

narkCd yield loss ini t,,o Allisol situations 

(74'" and 72' ; Ot sole crlop). and it ,as a poor 
collpelltior itl 1 \ltisl lcation,smille[I.:t11n all 

la'eliCe ast31' ; (t sle chop). IIc sittlalioti 
hiee solghllatild %asi good illustration ot 

the i;ti tlf theCyie.l cOMpcilsaition that is p)Ossi-

lC I iItCrtrOppllng b,'h tlsk. the iss1C,ociated 
+ig ol cllC otmlpCilsa t11Cd(0 ; (11it l e]C l O+tp 

viehl and itillet to 76' i. It millet s ,Ias partliu-

larlk stabI a, atsole ciop e all situations and 

it'i,. soHt c pitticiilarl, gottl itlltcirlop yilds 

s'.it1i ertitdiiiit On ot (,*'; oouii llisols (ia 1e1C1 
sode crop Oe1r i,IIll\ lOCatiois). Yield lC\eIs (it 

bith pigeoinpea ainl gt uintlnut tetided tob loshs 

becIuise of the CallICessation ol aill. ]PigC i-

pia . iClds \sie highe-st onti \llisl locatiols 
and tlo\%Cst iniahm -I iig, ./ iit loggcd siti(;litto1. 

( irtitliduiti iels \%cre littleiattectd by soil type 
or deptlh but NCtC inlalkcdill dectcased it aItlo, 

plant Ortott1illttet+it\ tIt prtCtiti tr st+L'tiilig. 

A,\Iols aind VINisols. .'spcctisCl\ (ind ex+hld-
ing the tlcalintIts S hreI stg11huin aliled ), ncani 

total I FRS Clc 15 Mid 1.7 1 lot pigcoiipea 

grountltt, 1.57 miid l.(t0. loi sighut pigecti-

pea,1.31 Iantl 1.15 lot millet grotitliut. ad 

I.0)9 inl I .0lI lr stuglUlitll millet. 

I e Liue Effec¢ts in l ntercroil)iug 
This year sa\%thetind t a 3-ycatcxptri imtett that 
We cilituctlC( tio eXittlii1t the be~nlits of I 

seasoi, sole mai/e was grown as two rows 90 cnl 

apart on 150-cia bloadbCds: inhtrcrops had 

mnai/C at the sallic population and spacing as ill 
sole cropping, but two intereming owvs ol 

groundnt were added, Phosphate was applied 

as a basal dressing to all plots. but fonr Iteels of 

nitrogen (0, 50, 11)(1, and 150 kg ha) werecpplied 

to tlt: nlai/C in both SOIl and in1tCrcrOp 

treatmeints. 
According to the 3-year 11t:;llls, sote inlai/C 

Iespntledtl ilp to 150 kg N ha. while the inter

cropped niaiie reached the ;sate naxitiluni yield 

\atlte at only 1(0) kg N ha (lI'ig. 2ha). 1lowevr, 
\ild ditllCrences bCtwee'n solIC and intCreropped 
maie at a given nitrogen t\C \vre not signii

cant and it is considered unlikely that the diHter

tnces ill response Indicate i trallst,.s- ot nitrogen 

ftw il grt lindntll to the llili:. IttCreropping 

i(datiagesdecleased 0ithinrci -d nitrogen, is 

has ben obsC\ed \kith othcr ilteI'Croppilli 

co'tmhinations, the \alCs beintg 1.35 at 0 kg N i 

and 1.13 at 150 ( Fig. 20h). It \as also eC\ident 
that it no llt gcn \Nas applied to the thai/c its 

yield \o+as poolr Mhilc the groundniut yield was 
gooL: in Contrast,. it nitrogen was applied to thte 

tmai/e its yield was similat to the sole crop. hut 

the groittt111t ko+as thte supplessed. 
1I the pt)sttaiy season all treattents were 

lollhmsd an itrigated test crop ot sorghtili atsl\ 
(our Il:Cls ol llitlrtge((. 1ll(),(,and 120 kg hal. 

..\:lt stiC grolunlld t there \,as a iesidtal effect 
cqialent to ahibtt 15 kg h Of ipplied litito

gCti. aind there \sis also som C\ idence tt a small 
residull eect alter the interlcop to Itich nti 

ntitrogent was applied. It is Ot interest, htOt\Vlr, 
that these lesidial tllects occitilld t all levels ot 
tlitlogetl applied to the test Ci tl, stO (actors other 
than nitrgcu itnav hla\C been ittvoed. Inter

clops \%hete lt:ell1lwtl \kits applied tt the tlai/e 

ICltlt itresidulal Ct'ct. ptCsuiitall hCe1sCt01fthe 

narked siipprcsSitul td grottid111tlt gI'losh and 

beCItlst fixatiut ill grotiditt is isuch rtlduced 

bv the presecefit cealm illttCt'rtp (see report 
iio ( i roundtntn ,icbltthilgy. 

A simjilar stlies ot CXltlitnictnts ss\%as initiated 

ihis year (in sorghumt ,tmpeii its part io) a iilti

grntltidlitut ilCrerltponM an asslSoc l Ittatitl sti,taileil nIet'ptat sll.ith tie \11 Ilndia 

Cltrp Or i stlbs,.ltint strghliUll Crtp. It ther iny (otolrdilt.'tlld gltinti ttpl i enlllt ]tloject.lllp 
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Figure 26. Rsolniise of sole Inmite ind intereropped 
equivilnit ratios in intercr(oplping (uiean of 3 years, 

I nterrolppcd sorlhtl sliocs i nitrogen 
response similar to Sole Solrgulll. hult yields were 
suhstlalalliiil.\ reduced hY ilnter-ropping (avelag-
ing onil 73,7 1of the sole crop) and there was ni 
c i(lcnce of all beiclitial effect froim the cow-

pCii. Nli/c ws usedias the postri ii n-scaSon test 
cilip, hillthere \was o e\iduclcic of ai.v residtual 
chtd AiClit int1rerpLli1g. sole colpeis gav\ei 
rlthlCr ilgelr hCeIil lhan the rotlniduntlt (leS-
cLrihCd abuse\-, itagaill factors olher than nitro-
gen \Ncic indicated htcois, efts were a reh! 
mtall lecls of nIlrtogeln applied to lhe lest Cro1p. 

lEffecl of Intercropp)inIg on )iseases 

vtselarwe initiated icooperait\cixillrimelit 

\\fih ICRISA I's pulse pathologists to Study the 
cfllfect (litfferent croiippig Systems oilliteSoil
bornIle I...ariu.nl wilt of pil'llpeaI. It was Cl-
imed this .vei r. an l as:lin there was striking 

C\ ideCC that ai sitsoghlii iltercrplol co1ul(d 
oICricisC \kilt (See Paitliol-incidCncC Pigeoulnpci 

33g\ f rlIt l details . Iwo ne\s coopertti\e 
experiients hlhilv i\en initial indicatiins that it 
inillet initerCroTp can be beneficial to groundinut 
h\ reducing fliar disec'ases of Ce'rc3..l' ora leaf 

spot alnd ru(st andlthrip-bole 1rnehu( ncerosis (see 

i equi' (1li., (hi) l (d nlertli 

O.,0--, -- 'l*0.h
 
'
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naize to nitrogen ind tie effect of nitrogen fertility on land 
1978-19811). 

Groundnut Program reportlforidcails). A point 
ol parit -iila r interest in the fiolia r (isease ex Peri
ient w\a the efflct of' disease resistance (in 
iiRs: tirtlie suscepltihle genotypes I.ERs were 
1.24 (IIV-2) and 1.26 (10.3-1 ),fr the itoder
atlv resistant thcv Vere 1.38 (NC Ac 17129) and 
1.52 (N( Ac 171. J), andI(Ir the resistant theyv 
\cre 1.40 (N C Ac 17090)) aind 1.53 (1I 249747). 
lhe highger IT Rs of the resistant and 

nIoderatcly-resistant genotypes were considered 
to he (fie to their better retlition ofgreell leaves 
its they neared maturity. [his again eimnphasi/es 

the importance of* good groundnlut grwtlih lter 
the period of peik millet growtlh atild after millet 
harv:st, Ioachieve igood ground til colitrihu
ion i I high totial th*s intercroppingad 11 inl 


c'i.nhinaliioln. 

Cropping Systems for Vertisols
 

A 4-year, .iall-plot study iof altrniative crop
ping Systems for Vertisols was concluded this 
year. Rcsults are stumnmniicd in Figure 27 is nlt 
monetary returns (gross retirns less costs of land 
prepiration. labor, sceds, fertiliier, and pesti
cides., isestimate(I Ilol adjaceunt operational

scale watersheds). It was confireled that, 
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Figure 27. Net monetary returns (Rs/ha) from various promising cropping systems grown on deep Vertisols at 

ICRISAT Center (1977-1981). 



compared with the traditional rain'-scasofl fal-

low%sy'stemnrs. greatcr net returns can be obtained 

frot a %\iderangc of s'stcIIs that Ilse both the 

rainy anfd postraril sealsoS. despite the extra 

costs of grt.oxxing the additional crlops. \lai/e 

proved t gool rrlinv-\,cds0n Crop, though in 

1980 Xl net returns xcre ruch better from the 

soghuir-baserSCd ,Ay.CHS, harCI.\ hebcause. ofa bet-

ter price Ifr sorghum. Ilto, Colo-
\xcr. there %.s 

,itc\ dCIduce Of Nsliilhtl\ t'.'.% P--

ruins,-sci,,il \feltl, ii Mt'hnlrr thll ;ittl 

lilie. aii tIrC \ereC drlstic yield rcrlictiolns 

;ater ,orlrtitr i It,77 78 (scc I(R IS,\I 
L)7,. 71).\ntIial Repot). IIr pgtiri\-stastrr 

crop,, chickj'ca \\;a,,better at,,t'sequential" crlop 

sO. in tle of11pre.'\ crop
allter iiar\test iijls bill 

pieeCMpCa ,'tiISbelf t "Is No\\' 1
e arelx'C" crop 

lppli xtiI:Itelx -0 il.\ tile a
, befCIore hir\Ct of 

ls,,t cl-op. 
lie celeal pie,u'vpc;i lteCrIOPs comlparCd 

\iltl
xx.il , ite suetjlntiatl or rlilet\ NtIcnils. li 
-'
 I) ) Mi \\xliun et'mbeLlr itlu,,re tilt.xx _ood 


ater. 5 xi.jt ,,lieltls but this, 'as,
s-\.,trns,, btte.r, 

t". .el il 1)() SI tths dr\\ bill,"lWptet
nlher
 

slte Md okm *ha iclds for 
tlit' ,, u thesepos train\-s u,,,puI1', results t\pil.\ 
tile iit' fItilt' ildl !uiieltut' s,,qrutluiu 

ixl sst.isat the. Iiclieol of1eriters tibul-
it% 5, i ltt ,\Lteuln,, Ihicsc last 2u'rrlc'rppiln 

\eC111I", \Peitllit lso icl illast Ltht'po,-
,,ihl ru Id thsei-ct a thirdit rX,.lC 


Crop1 is "\kll it re bare"t it ,e ilih hc cerell a 
ec,.ii Ialmpcit lilteILrerp. Ill tile Idii,-

lU)7 ) u'eul ;l 
\.is otrire Il i li/c )Il'nupil, , It 

sear 1i.'t ().lt, tlitiul uhickpci 
rraie tile 

Icliii nis xer, i.rc the iel \llil':"l:ile of 
C,+'in'],Iee
1)M) S I tilr' MicuIlt be C, bhlhed. 

bill the1,eusts o it+.illi! to d, o i(, retedllce'd 
nctt ln,,.II, ,could hc ;a11,,111i ,vstctr hut it 
sC,'t'l. thatl thld erCl should beinll'IrraIrnt rlte 
artlljttp 01l\ illIre good year x,itlthrer' i 
hIiih1i pIiitdfhlllt of sIu' s. 

(ropping S. ms'l1 . fiv;Iss for 

I lierc,,ulh,, f 3-scar. i tinll-plot tud, of Alter-
Iite criii s\ ',lrli " fir L\llisols are1pres.nMtIdMierd 

,
 
. '
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the sole crop .sstenls,castor and pigeollpca wore 
good in all years tried, though in 198(0 81 net 
returns were munch higher for sorgmn or 
gronotdnut because of their high prices. (irowing 
a inlng hetan before tileclstor giavc good addi
tional returns in 2 of the 3 y'cars if the castor was 
rclav-sown. Ratoonling the sorghut gave only 
small increases in nict rctutrn,s. The rclhtively 
poor nct returns of sole millet were usefully 
increased by adding tsequential or relavcropof 
horse gram. though the overall [let returns ofthis 
s\stcil wete still rather low. Iligh net returns 
from lire intercrqopping systems cmphasile the 
ereat vahlue of Ihese svsteulls llnder these particut
lhitConditions \\hclc the moistire ma' iot be 
full]\ used h\ a.single sole crop but is insufficient 
folsequential or re.la\ S\stemls based on full
scaison crorps. In all 3 yeatrs. sirgh 1tt11pigeonpeia 
intercroppin ga\c higher ne.t rtlurns than mnil
letgroluldnut intcrcropping, lnd it the 2 years 
iof xhiclhit was.examined.pigcorrpea groulnlnut 
intcicropping gt\e higher ilet Iecttulrn's than anv 
theur ,,\rurn. 

('ropping Entomology 

Surv''s. As illprcious yt\ll'sxWe sll'vexed the 
eI)sts and their natural ellellis on crops and 

xxcf,¢ s at I('RI. A I (enter: at K il/ara anit 
(RIS.\ I \'I .Ssite in Namashtra, India: and 
otl lf fallrs' fields. In the 1980 81 crop 
se,,asonI ruoru abundant oil'h'liili.\ was 

soghtillt, millct. and grounlltdnuts ill Augu.st-
Septemrber. Iloxhxmxr. from October to 
I )i.tlDecember. sxhl this, psl nortmall\ rtach'es peak 
populations arild ced, rnainli\ ott pigortpc;t and 
chicklva,pa iir liitlCount s and light trap catcles 
sll tcd lo\\cr rIuthclrs thall those recorded I., 
prevC\.io)Lus \rCirS. I Iris \Car the rains ceased rather 
early I,and this lactor rila Iraxc bcen responsible 
f,,the lo\ Ih'Iitoili populati nts i pulse cropsltr 

at IC I A, ('Ienter .
al1 


In soigltrii the l+st'populatiors, wxith tire 

exC'eptinn of the stern horcr (]li]/ar,It.,w'ere 
gencrall larger at Il ISAl (Center than ilt 
farrlters' fields. Shoot IlI(.llhe'ruum mcatla) 

a(rIrIxlrrr i hlioorz .parial'll \%ere 
Irnd inl greater piopulationms in our Crops on 
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Allisols than on Vertisols. But aphids (Rho/al-
('iphunm maii.s), head bug (( alocoris angus/a-
ins), and Carhead caterpillars of Ihiliothis 
armiiraand I:'toctiq.%.uinmtat. w,.re all more 
covr ",on in the crop on Vertisol, 

Catches of (T tiloths in our light traps at 
ICRISAT ('enter in 1980 81 were greater than 
in previouts years (Table 26), but this pest ws not 
found in large rhnbcrs in sorghum at our ('enter 
or ill ncairbvtlar rcis'field,. At Kan/ara. how-
Cs er. more than 5(1i of Ht. plants in SOmelC 
sorghm fields dcvclope d dcadhearts dle to 
(hi/, feeding. tIhe daniage being greater on the 
Cirly-50 i so rghliim than or; tile laler sown. This 
was in contrast to tile daniate ,ausCd by shoot 
fly, because. as usual, the ,.y-so\\nlsorghum 
escalped sC\ere damage by this pest. 

S',podo/era lit/ra. hich is best known as a 
pest f1tob;ICCO. deoliate.Md 'nIfC ofr ground-
lilt fields at I( , ISA I( 'enter in March. [here is 

concelr, t hat this pest Illay be extending its host 
;iIge. or ill recIt' \Calls there ba\e been reports 
I S. Ii'maal Catnusing micsprad. sC\Clc damalIge 

to cotto anlld giuiitl(llilts iill laril s' fieihs. 

Nalural enemies. 

niuial eilemi's of 
clops and collected 
slagesofl te pets Il 

We continiiued sies\t if liet 
the pests of o illmandate 
the \arious devclopmental 

Icir ilist plants at ICR I-
SA I ( 'eite . ill neighboring farmers' fields, and 
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from farmers' fields in Ma harashtraand Karnat
aka States in India. "l . insects were reared ini 
our laboratory using the original host-plant 
material as food. The emerging parasites were 
identified and recorded. 

As in previous years, ()vomermjs albcas,a 
merrmithid nematode, was commonly found par
asi,,ing Ih/lithiLs spp larvae from Jitne to 
October, particularly on crops and weeds on our 
Alfisols. We recovered this nematode from all 
three species of lh'/liotin'. that are found locally: 
II. armiqira, II. p'tifiera, and II. as.uhia. In 
somC collections inore than 50),pi of the larvae 
\\ere parasiti/ed. Alter October, as in previous 
years, this parasite was very rare. Merrit hijs 
\\ere also foud parasiti/ing lar'ae of S. litura 
oii griindiits, S... tiwt oin volunteer chickpeas 
ill July, Cdia criicaarldC.ptlchora on pigeon
pCii. and (hi/o par'//tw., Mlilhiina ,epwral, 
and Mara'aria .st.%Ucali.%on soirghiim. We con
sider these nematodC parasites to be nartictlarly 
usCfuil I,--ausc the ie most common early in 
lie scasoill aind si call have a giatcr efftect ol 

pest popilations than tile parasitic insects, Iltl.si 
of which build ip to large populations later in 
tile seasoll sln pest popilations .. hlrge and 
crop d;illlalge Ias alreaidv ocurred. 

li 1981 we distribted ai repofr Arthropod 
parasitoils of inrs=.l pests (excluding lIh'hti.s 
spp) recorded ill Andlhra IPraidesh. India on 

Iable 26. lie catelieS (f somle pet species and Iheir seasonal (listrimtlit |l in a light trap onla ertisol %tiershedat 
I(RISAI ('enter 1980/81, and Iheir meanis fir 1977-80. 

'_l.5 I M ;' I\ t4 , 

'/Il t, 'l u' ,1.21 .7.' I..1 .t.5 2 ,.1 51 .(i 
S-/hun,. ' ntt . 9D(27.1;) -5l.8(72.2) 11.1(H 1.21 28;1( 1!185S/p m /.,,1 ., ILih .r, l(7!1.;0, (IH.tl , 59i3,15(1,12.72) 

, 
lil01. F wl - i 1,;lirl wl i ,>, i , ili a, . [,i- *il lh 19!77 80( '.'I'4 ll 
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our studies of t h crop-pest-parasite relation-

ships (Cropping Systems Progress Report 7). 
We ha\U so fIar reUmosUred 27 species of para-

sites loml ll,/ihi% armnlnit: . Ill additiOi we 

have found 12 species of hyperparasites and 20 

species of prulstorv inects oin this pest. As inl 

prcions years, \%e lound large diffeurcnces in the 

oit crops.nattiral-ciien\ complexs dilTernt 

For example. paraisitism of lhli'U)l/lis eggs was 
t1 onSOt'gh1 id host 

plat.its but rtIit On pige0mICa and chickpeail-
comm11tllOn l tn t]ost other 

ilarlv. ( h'm!InI1)/(/rhlihw. an ichnumolnid 

parilsite \wias ,erv common Il I'Iioliti lal\ile 

collected from most crop and %\ced hosts bit 

alC iln pigcoimpea. Such diflercnce I fable 27) 

partl, explain why' IhvlieIii is o d llagitg oin 

o prtlsc crops, r)-ticularl piguonpet I[hedip-

teran pitras'its ot.umnoily found ill lh',lhi.s 

lae cllected from 
helpful in r, duCittg th' 

able to kill the latle 

flml\ glnr li. 

igoeonpe.a, art not ve'ry 

damag' hecausC tile\ arC 

)nl\ M. hen the ."\ae arc 

Insectl traps. Wc record Ilb:catches of it \ide 

rainge of ilsecs. ltth pes"', and natural elnemllies. 

inl thre, li hiltraps atIl(W I".\ I (enter. In addi.. 

lion. in coopuration with the Indian ('oulmmel of 
Agricultlrll uResctrch)( CAR) and national uni-

\ursitis. \\e mcceie datai on catches tf a liiiited 

numbe11I)rI of Insect pests Itoill a netisork of traps 

that \Lu hat\ e supplied to them and iich are 

tled acro,. India. Ihis net\uik \s s expanded 
this year. 

Ili data o) .atches of Ih/hflBhi 'arli ,'ru 

from light traps cofirlmed our lield obserxa-

lions that during November-l)ecemher 19iM this 

pest was less abund ant than in previous yea rs, 
particularly in southern India. Several other pest 

species w\'ere also caught in lower numbers than 

usual this y'ar, including .UIti/ui,,,a .S'param, 

but catches of' (hi/lopartel/l.s, lv).,n/o . sp. and 

,Sp. /iocra lilUtrawere generally greater tha1u in 

previotus years (see Iable 26). 

*lihe light traps arc also uscltil in catching solle 

of 	thle pests' natural elemies. We have sent Viii

to the Britishc(o.%/)irs slpp , ,'aught in the traps., 

NI tisetm of Nattural II istory. london. for identi

fication. [he insects of, this ichnenmonid geltls 

arc parasitic on a wide range of lepidopteral 

larvae, but little is knon ol their seasonal Inci-
Viiideunce. We now have rcorded 14 species of 

(.,vihm. and have somle" dla on theim relative 

abhundanice and seasonal incidence. 

[lie data Irom the light trap network \ill 

allow us to determi e the seasonal and geogra

phical variations in populaitions of the pests and 

some of their natual ,li llies. IHowever. light 

traps can bie used only in locatios \ith a reliable.

pwer supply and whe.re a skilled recorder is 

a\ ailable to sort time catches 1lh ,relore, this year 

\%C ,taide greatuc ,.'llrts to improve our phut-o

ni.one tr:ips. We [10\% t to supplemnIc t the 
light trap network with phertmtone traps that 

\ill Catch the male II('/iolllio rlrmitvra and so 

allo\\ us It) record Seslonatl Changes in popltila

tions olf this pest in situttionts hiere electricity 

and skilled recordlers are not availahle. 

Strveys of intercrl)e(! sorghum and pigeon

pea. Inl India most pigeoiipca is grown as an 

f I" 'liothiA armige'rn on i+, rghitln ((Sit-6) an(1'Ihibl e 27. PViar;asilim l teel recordtd from tggs -and hir o,.t 

(tr, 1978-81.piteorpia (I(P-t) in crop)ing+% ts trial tIt I(ISAIFn 

.26 A-(i
E g:g s A I"Iug -)r+t ' g h mun l I 4,1Gt 

tl-pti t9mtm250I 0.t0 0. 1 

I,rrvt -)('. S,rghumi 6098 2.1 2.1 .9 
] '.1St- i1 -F o h 11(igti41ll .1 1,105 -) 10.), 



illrcrop, vwith sor.ghii as the donlriiatit cor-
painion clop. Wc have\c beCen sttid in!the Ist aLtn 
natural trrenrr" p)piilatiO allMdtire darllge 
cutsed iII SorL1lhnntr pe)oiipcat inttrtop, iH) 
' lp!hi'Oill those ill the Sle co)p both itx\itll 


IRIAIl ('tntcl Mrid o)ther isllti Indi;i. 
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o)finlercropping was again C\'iilit \%ith more 
thIal 40,' ildialltage iII tilalnd Ctllisalelit ratio. 
Siuniiriled data [or 3 crop Yeais ( 1978-8 1 
fronm all the plots at I('RISAT ('enter arc p'cs
tnLed in lible 28. 

8) 81 .ltc1p ;eIlltiletI r \%estiidIe. lo0,t alitlt-W eed Scien ce 
le, 


nd inttcrrops oflthese llhall and frill planllt 

mriltl :s)I, crop p'I topll)t.(ltlj+o",r lhllll'. 

)o)ltith i,Ill tile irlteru'op ,tile10%% allligC-
itIL1\.s,2 ,orgnliir : I igeoripcil. so- Iii lltile 

sale trle. I Ire. llilttritits t til ctlltiar, usted 
c.'.ilrI tlh;i tire pit.)rpeaC Ih Alterlostrtd sOON 
Ie sorltrirrr \kishiar\ctWd. WC s'\,'Ud l;itC 

I)iii' the l9() 81 crop 
rial il It Iesili fticl 

se,isOrt 0ntr' \%ved 
irillI.V o) tw() 

broad lil: (I) tlnlirlicitiorn Of tileeect o1 
sc\Clill plh\sicil. c.riuiral, and biological factors 
)n .,p-\.t. balance, and (2) orperatiornal

scel natllitiin of (Ii IfIrenI %ctd llillniage

lot;ions ()nho th V.lt u ls arid ,.\lt[su lst )l 

'rr Ve iSo Iriel' +iiir t.cia irtrs, 
d,"h 

,\H of onu c\1pt riicIll plots \\.t.ptticide-
Ice. ('MIlIII"irr Oft, 'aid their natUral I itrrIs 

\k.ithrir id.hp)t \+'I.crCtCi'rthlt thllrotglh()Ilt tile 
sC,,t. ,s in pt', t ilsea,tIrIlh'/ihi pol')p0i-
lilt lls miduI tiledilrrit. CNiiSl'd h_\these'.\,tC at 
Iast itsglea in illitci.lp"as iltI sole _te Welop. 
;ia;iri ftsI tif th;i rrrost of the niattral eirillits 
hit \%.I.crcfeding rupoir l//ihli cggs a;rid ]lr\alC 
ililt " g(l1111l re;ads f;ail to trillnf \\itl their 

t ile pIgCorlLp'a. I It\'ecr. liesIoitr t1) ed beneflt 

pltl, (1.35 hltof eCilr f t( ese tatrrlll tsll \ t llrrllrr foIrlly Illt t s. 

l';lftt of 
on'ro)l-\Veed l3.1lan1ce 

EfifLi D)ifferen t Factors 

lie 198() results mf thre lollp-lterill Studies 
irilialte(l in pres\ u,,sC lpreseintefl\ar, ire brie 
here. 

Soil mllnagement practices. Ili1980 \\'e con
tintird a lorig-triri eXpclri cii initiatetd ili 1978 
to lllirlrr tIre tnds ill %'cd ,.nlirgce and 
\''cd secd depletion io m \'ertisol tidelr 
triltioal arllil o\ Irrliagelllit SysirrpIll d 

Ilhle 28. ( ounis of lie'Ioluhi%armigeru. i)tl IilId loss. arodrct *l idhIs of ipigeonla grito as a m(nocrop andu 
inlt'rcrolulucil %ilhstiigluion :i1Ilso 'stimciigs (mcunr dnla from trials :,tI(IT.VI (enter 1978-811). 
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we itaiedteos. Iluting 1978 and 1979 Cwe l 

three soi I-italuapceiCitit practices: hat beds,, 

narri, ridges (75 cimi). and broadheds and lilt-

low\s (150 col): alter 1-79 the llarro\-ridge 

rcattnil \%ias abaln fuled, 

Soil sailipls limitCach ,lil-illaiagellient 

.reattilclt v.CrC collected Itron IC)depthS (It-

]5 and 15-3) cI1) OLci 3 \ea,. I hes ,atniplc,, 

\\Cie platced il ealthen ipot', and \atcred reg-

iil;irls. \VhCnIthe ,+,e1hlug, appcared. the' \\Ce 

deiitified, counlted. atJ IClt tie polts.etusd Irotlll 

I lie 3 e\ams' dala on lliittal ,.d seedlin 

cItCI 'ece (I T. 29) ,1i0\% that ,\ed CttICr-
telCe ssa. elc;itl.s, itiluenced b thle soil-ti1iti-

icililtit trteat ment atid that energence dc-

CliMild itlllitle. ()Ithe total \,,cod Cdlli-s 

hat uietl ged, \\Ce 1rotilthe ,Oil colectedh 111ost 
1101It tie 0-15 Ciil dtll. Peak sCedlilg Oiier-

uceC \U, I',Cl\td ill.1IiunC-.Il. Itolwe,\'d b\ 

a ,leIpCa illNO\Clol cr-] )ccuCllbt.r. 

l'ime of .%ed remonal. Mo,,t ot the studies Ott 

crtIo-\c\Cd cOtiCtitihi icptprtCd illliteratnre 

pertail oil\ to ole Crops, so \,%ilitiatc Cxpcr-

IH~t 
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Figuire 29. l:fftects of three %n(il-mlanlgement 
treatments ol toi onnuattl weed emergence l 

Verlisols Ht IWRISAT (enter, 1978-80. 

imenil:,l ('RISA Center in 1978 to study the 

effect of, time ol \od removal in tile najor 

illterropping systelis. Results 'oill two of 

these experienIlts. condluctcd dtting l98). are 

bielly reported here. 
Ill tileCase of a ,slhi itll pleoipwa ititerlop 

oi a \'aCtisol \%C tound that i otlione hand 

\\CCdilg \as pI,'IIc. the bCst lte to gmic it 

was 4 \scks after planting. Itis\o hand \ced

iigs Could cgisen. [Ileoptimum timslior licl
 

\ct 3 and 5 \eeks alter plantitl,. 
I hiCoilCircxplrilncint. onain All ,ol \lih pearl 

tmillet glr)IllltlIt iiterrlop, shto\.'d that tine 

hand \\celitg 4 \\cek,, after plaiting ga\C 

higher yild, tliat keit.illg the Ct0p \\CCd-frC 

up to 3 \\.k, after plantitg. I lie trcatim nt Il 

shici the clop \us kept \\%cd-liec tup to 4 
\ceks after platiliug seutled to be (litte salis
Io:t fo\ y.eld's.IthigT 

(ilivar effect. (Out field cxperinetis with 
seu,,Ial sole Cltprs met \sears lia\ 
shlow thIlat c'op Cultisars diifer ill their \\cd 

ColtpCtiIe alilit. Illsme crops \%.also ob

sCre\d dilfrcutial herbicide tohetatic. Il)uuriiig 

1981) \cotinutu ed altexperiiletnt initiated ill 
1978 \\vith i'dlet culti\lrs, (FIxdillcrcnl pcell 


lhirnu, (iK-77-3. 13.1-104, aid IVS AX-75) oil 

,\lliol,.i 1hie reilts indicated that though the 

vliedponlitl of all the ctlhisau,'s sas high under 
\\ce.d-ticc treatlltlet., the tall cultiar I:x-fl ilt 

\itlrtood \\ed cotpetitiotn illthe unitecded 
check better than a tI\,ar t\ pc (iK-77-3. No 

dilteence in herbicide tolerancc \,as ohsCl\cd 

tile fo r peirl millet cultisar,. 

Operational-Scale I.vatluation of 
Weed Management SN'stems 

IDluring tle past Ic\ Wears \%C conductcd sitiall
plot experimenlts to dselol; :itid slltte \\Ced 
t~inaglllnietm systems lt dilfcit ettips and 

' systems. 1979 \wc started testingCropping In 
sotlie of these inthe ..atrsheds ot alltopel-a
tiollal scale. Ill two experimets ctiduted dilt

ing the 1980 XI Crop season \\ith two cropping 

,ystellis, three \% anllallltnn'llCed systems 

based oin halid herbicide, ait,,] snothdceding. 
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er cropping were evaluated i1 comparison with 
weed-free and weedy check treatnents. 

MNaize-chickpeam sequential cropping. Results 
from this studv (Table 29) showed that the sys
tern based on herbicide (Atrazine at the rate of 
1.5 kg a.i. ha preemergenee) seemed to have 
good powtential for maine-chickpea sequential 
cropping inl dcep Vertisols. I owever, smother 
cropping shomved less potential in this situation 
because niaie suffered competition fromt file 
smotelir crop. Ihese resu lts trrlehr conifirmed 
our carlier hypothesis that a herbicide can be 
an integral pirt of'iiprloed farming systems in 
dCe.p \erisol arl-as With deplndable rainfall, 
\ hire hand weeding is diflicult when tile soil is 

wlet. 

Sorghliim/pigemipea interropping. We used 
tluchloralin (at the rate of 1.5 kg a.i. hia) as i 

prleelliergelce application in this cropping sys-
ill. I lie hcrhicide-based wec'd milalagellielt 

r,',.eIll pomed to be etllectie ill this case also 
I ablC 31). SmnothTr crIopping also ',hosCed 

ptential in thl, situatli. I his experillull ailso 
detllilulstrated the operational leasihilit\ of 

Fahle 2'). Iffct id*differet' mtegtd i gemiuumt ieit, l eIel 

On-Farnm Collaborative Research 277 

smother cropping; we had little difficulty plant
ing two rows of smother crop per bed between 
the sorghum and pigeonpea rows using a 
"ropiculttor. 

On-Farm Collaborative 
Research 

WAR and ICRIISAT have been involved since 
1978 in cooperative on-larm research on l'arm
ing systems hI two villages Aurepalle (Andhi ra 
Pradesh) and Kan/ara (Mal. rashtra) in tw 
different agroclimatic and socioecononic 
suibrcgions ofcenitral peninsular India. 

Small-scale on-farin experiments were ini
tialed in 1978 as part of*I(R SAl's village-level 
studies (VI.S) toI obtain prelil inarv inforlationi 
oil the perlolalc of I('R, ISAI technology. 

'Ihe iirst 2-year sltil\y Iie 1979 80 and 198(, 
81 cropllyears) has been considered a tchilol
ogy introduction and testing phase. In 1979. 
ole simall watershed in iach village was devel
olled with all improved soil and water Illanage
nlctlt system, and difTerlit ilnluts of improved 
techilology were tested ind evaluated in these 

n liltl l jrodictiitl of tile Iimlize-chicklpen sequle itil 
cropping % lill erli,(iIk at I(!llSAT (enter, 1980/81. 

%li ~t;qll + h' Poll iirli Ch ick tki Retl ils ()lieri 

Nic 'i 1) 1 Nk." h't h) (I{s , I ToiniI I iolnitI Not 
(k 9/11;i ) il'l rl rls cost rt't ir 

\Tur l Itt t 2(ghil) MI'x,1,,)h4) ( ,- /ht) (H S/rr .1 

ol di~ %.l U d l l i g 
' 
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278 Fazrmin SY's'ems 

Tlilhie30, Effecl of different weed naii nagem enlt sy'stems oin the nel jirod uctivit) (ifIhi soirgh uln/ pigeollpell 
iiltercr:pping ,iltemoil 'erlisols its ll RISAT ('enter 1980/81. 

yil i'rilt ri I /iii 

(kgtlllitli,V )) i ,"h1i 

whuil Soiriiil f Sin, 221( 
ylirhi'ii()Cno) 21)11) 

r r I kii /i I Iit I 

\Tre i tIi I s I2kig71(15 2 
2iiI11b12615 171 271,1 

,viti frei :18111 2881 

Vi''ily hvk IG9i9 127.1 

.,I 51) 

V ',)10i 

watersheds. lie test site at Aurepalle is a typ-
ical shallow Altisol (loai sand), and at K;ln-
/alla it is i shallow t(i ledilil-deep Vetisol 
(lnili to cliv loall). Illthe 1980 81 cropping 
sciso.ll, Atiepall: r.-c' i d 373 rim toial rain-

tall aiind Kan rceiced 673 imi.'lhe rainfallln/l 
it .\\rt'c('. its mole ciialic than at Kiiara, 

anid filie raiii weason enided earls at both 
pliace,". 

IllI198) 81. we tested improved Soil and 
ciop nirilgeillnt prat ",,including high-

icltlig varieties, optllill fertiliiCr input, iil 
inlt' ved imllml ntlis. ('lop yields ilithe int-
pro lillagcmlient plo 'i crecoimipared to 
tileyields of th flirmlll'i intraditional System 
plots otsilide [he .ll'Slhed. I he agroilollic 

Cr tIoriitice ilid rCioulrce I'qLUiIClnletls 0 tihe 
'itpro\'ed Inld Iiltra SVStens w'ie lsoilnal 
collrad. usin illillillcops on Similar oils. 

Aurepaille 


1lie growth of cereals such as so rghi illd 

mill iscxceilcit. but pigellpeal atd caslorll-
tel-el hell\ ilydue to Carl'vcessation of, rains. I lie 
sorghlill anid millet il tihe Wate'she d substantial-
!yotyicldled (up !oseve tiiies) those under lie 

14/hli) (( ( ,"ho) 'tul iri il Nut 

( l ii)5 1 hii) Ii t;il ) 

7,1 11)17 It1)1 :12)) b17, 
k ifa)R ,1'1I 17 1.1 .17(I111 ' 7, 

2S t I I II,1 2IS1I 
75 (lv1t11 (I62',5 1l) 

1 14:! 2972 585:1 fillo ,521: 
6. . i 170(0 21174 2974 

.')
H 

1:3 

traditionial system. Because olllarge differ-
Cences in niltlnre-stol-age capacity, with Soil 
depth railging from I0 to 45 cim. the cropield 
levels valied widely across larllers' helds \ith
in the \,atershled. 

lhe suitability of broadheds aind fulros lor 
Allisok is still i) 1lileSticln. I hough it aptIiled 

that hroadheds are Irecessarv to obhta in preci-
Sion control illSeeding aid tclrtili/er aiplication, 
tihele \ie lo noticeable differences ill\ields 
bct\\ecn the Ilat-planited and broidlbed-and-
I irrtaited crop (l'ble 31). ihe utilityoilthe 
Illi.pilcor \as noted., particularly il precision 
planiing ind fertili/cr applicalion. On the flat 
sCCdheld. yields oif all the crops platted with the 
I ropicultlr wer higher ralli of' cropsthose 
plinted il e local drill. col bincd Ilsef'til lie 


stanilard rosy spacitigs (45 cm) and the Iropi
culllr resuhled illhigher crop yields thaln using 

local spacings (7 to 10 rl\ms ol sarving rIw 
widths of' cereals adid I or 2 io\s If pigeorpea) 
made wiihtihe local drill (lable 32). 

Kn.r
 

Because of' Carly cessation of rainls, pigelipeia 
arid ctt(irln stiltleed heavily during the critical 

http:sciso.ll


On-I,'arm ('ollahorativ Research 279 

'ahIe 31. Crop yieIds kg/hl) of scvtraI cropping pitterns on flat and hroadhb'd systIems of pilinIing at Aure pale 
village in 1980/81. 
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Tablle 32. (Crop ic(l%(kg/hi) for s'ectrail crops :at A irepallh illzagc %atlershtd u ider flal culliation, 1980/81. 
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peruod of their gro'. Vl'v hiavy shto\\,rs dillr- broadbed-plainted crops on shallow to mid imm

ing .lyl\ and Atugust resulted in sonu ,atcr-

logging, and in Septclllber a did()ctther til 
crops slfelred Iuoisirc stress. [i s \,aterlog-

ging and drought in a single seasonl ploduced 

Vsery poor crop growth illgencral. lroslon arvr 

in the season and toistuirc stlss latmr occur-

red ill both the flat and the hroadlcd-and-l III-

row syste m of cultivationlo,)t hroaldheds ic-

quire.:d good Crop 61n1p1\ coCer to maitail 

their shape. * tll'. groinditlts helped to 

retain the hroildhcds \,.hihlsole cropping of 

cottoll proutcetd sonic splash losion. SoiI 

other inalor obsenati il,arc: 

I.The use ollf higi-ieditg cultivars., optimtim 
fertilitv management, good wc d control. and 

optin r.a protection, in tie water-plant etc., 

sheds produced crop yields far superior to tle 

traditional system of farming (fhable 33). 

2. Though tlie broadbed-and-furrowk system 

facilitated drainage, inigetneral there was 110 

significant difference in yields between flat and 

~.'il'ithle 3.3. ( ropll oifi~iriii,, L'rl)piIlg pIllrI on flil and hronidiwd sislellis ' oftplhniin Kl#iii~iehb, (kgt/Imi 
l illaige, I9810/81. 

Slrgo, 

I' filler t'ig oillwiJ lilI lSirghii
mthll rCir,,Iingl 

S ,I,- iiionI r,,p."
S()h' :.,rlmu 010~i :iwllTr,,).) 

( Ih m l),g-,1il),.1h ., .m id lr, l.i 
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lim 

Sirgh lml .,ll,; ill;:: ;imidTlrip.) 
S()r.if lig il.w,, i',...d, ;nd ' rl 


nI - i' t II I~1ti.., 

tSrI IIl h), hiI' , 

C',,11 ri111, 

(',lu(5'-r llmwl,,I,lw- ,, 


IM~ \ lh I-,aAIrilll
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,1304 

;I ihi',l." :i11d Tl'rp.j 
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deep Vertisols ('Table 33). 

3. The use of the rropicuIo r seemed to have 

considerable advantagt, in planting, fertilizer 

application, and interctultivatiot, which was 

reflected in higher crop yields. 

4. When compared to the yields of' traditional 

systems practised by the neighboring farmers, 

the yields obtained with the watershed man

agenient technology were substantially higher 

than those of tle traditional system practised 

Ibyneighboring 'artmers. 

Looking Ahead 

A groclimatology. We will contintic our eff'orts 

to provide nicaning fl climate evahliatto for 

outlining cropping poteintials lor diffTerent 

regions. NMicruocl inmtic stidies and crctp-weatlher 

itodeling eflorts to gi\ itsthe scope to assess 

crop poteintial at the field scale ws'ill also coti-

Im )
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tin1 rise fcollaborative ipproaclls inil stud'- Center and with data rom AICR lPl)A cooper
ing the s il-plat-atnlosphllere COtililtIllhis ating centers wthere watersled-based hydrologic 
2iverl Is firly satisfactory abilit\ to predict studies arc conducted. 

sorghluii growth and devclopment, alid we ()ur collaborative work with IWAR through 
elmisagc fulirther illiproemnt and extension of AICI.):A ol resource dcvelopment. conserva-
OUr Ideas to other crops. tlion. MiL utili/atiotl 'ill now include new studies 

on sulitable tank seilants, liftinog cf Stllall quanlti-
Soil fertility and chemistr.. We will give tics of water, and wat"er recycling systems for 
greater emlasis to studies of the behavior of Supplementary irrigatiom. 
n troetnt ill soil. beciale this %\illassist ill the 
interpretatitn of the Canlses of tile \arialbilitv of larm User and(I equipment. Increasing atten-
Crop respoltns ditle to season and alliotis 4ttro- lion \ill lhe given to determining tile planting 
litlliC prctic'e,,. (onlitinltion of the use of "N- parlmcters that affect crop cstalilishllnent and 
iabeiled lertill.er \kill be in ,ltalible because it Cro ) yield.
 
illti,\%Ntheli ertilier nlitIoge to be reitlvh distiii-
 We also hope to finalitc two distinct planter
1ltil trrl il te ilich li'Cr amoultlt of natise aind felili/cr drill (Iesigns next year. One will 
tgl1'illCi tto +.etin tle Soil, achive i considerahle degree of' precision and 

\\ill be particularly suitable fol+til wheeled tool 
lanid and %'saler management. )perationa l carriers. lie ,ccond design will be much chcaper
testigt of the br e,dhd-,a-tilrrot, ,\stem of bit will still grei tl., itipr'ove tlmeterinlg and secd 
lbild aid ,ite.r Iliatiagel e t oil Xpelillierlt sta- pl.acetlCll oMCI Most tladitiollll seedingtn 

1litl +aid Inolt-till illN ituatiols s ll be i lltio ,if li plracticcs.

ill \'eitiol aleas ini the idetitified 
 deplndablc More eimplhasis will be given to determining 
rlitilal ici,n ill India. At IRISA I (eiter the role of tillage on overall weed control and 
ip; t;i ll Itipiedc ti t ilt' 'lie t Ii \i Of Iaid m I1ti lcetnl.
 

illJ \\, Ci lia nei +\ stem al( tlic1 i lda[p
a topMC11 ;iiid
talti, t ins en ph.\. Noil. clitemt. ('ropping systems. In the intecropping studies 

tli tIMiplg N,,.'lei \kill he eLN 1+il up esti-pir., a titaor patl of the \ork on plant poptilatioll
 
ait,. citital I1iiiit,, tI selCte d ,,il pIMrait'rS. and Spatial arrangemet.t gentypes. ;inlthgtmle


,IiCe %%eaic' .till ttblmitil liCtisiitclit Cfc'ts is ltm Coitludied. More emphasis will be
 
S I o."-lI cilil."+ibs iilli fllnl 
 i. enllit N te lls til cri\Cll t i the effects of t oisinre alnd nutrient 
\htirls. mes it.\ill illi.'ill;ti\' ;ipproaches to stress and totthe iole.thatiter-(ippi-ig l a. 
iL&' ehlitiatlitui. sit. inti It tns on t ii pivitilp beter cot rtll of p ts itil diseases. [hc 

,eiiieit., iiillhiiii 

, i fl~ii~\ tid se't_tudislt, ihla 


iii iMUeL . a, d ar.1ii illteltiI S slibility stulies \will ,tilitil ti until th re is sulfi
. .'itt data for at iuc+atirlgfuil ail'lysis. ('oiparil

\c illtillie studies ttu the ue Il small Soil of dillerieit cropping S\SIIIS for given soil 
ols. tti It iplpleimliit;al iititiadtl lfollrts to t.\pCs \kill be upgrladed from small plot to 

tdo.+, It i-' .,a, st t lletit , int tt id shf.St II- opcratitilll-scaic stnldics. 
ik ,,ill a1, tibe iii it ated On des citinu stiitablc 

viler lifti iild teesC,..lii"+,!,stlls. Weed science. Studics \kill Continue otil wcecd 
lttil a d11t oii-- mt'itrol()ill iii iLl nit clillipLi will oits nCt hiods a)prjoprl'iltc to tle dCCdsofl the 

mil. it titiii:iit. toCs idcllie,.' jtrllllcs S:\ I small farmlr and of otl"crop imp'1rovemeLnt 
little ilCittllli i ail i ltc Iitiiit. tt)t lih)t g.lrl a- +'rst'irli P itp i llIs. 

Hti t btt fatUltilinw priactices. We sill desitl studies to Control weed, it 
I lie pltlulie: rIttfloll preictiotn Itiodel givtl fi'liing systemn. Il planning operat .anll;+

RI'\NiM)l). irigillall\ de.\seloped and e.\lcl- resc;Ircli at the I'R ISl \watersheds, long-ierm
Ni.el1 teted itt VriiStitl iiaS. sill low be testeCd studies on the specific ctf-Cts of the larmniiig 
\Ith data Imti Allisol s\iiterhts at IR ISA I Svstcis on \wceds will bc considered. ('ollabora
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tive studies with tileFarma Power andIl-iquip-
lient and land and Water Managenient 

s;tprograms to dnvehp appropriate loo a nd 

cultural operations foi Necd Control will be 

intensilied. I lerhicide st ildits will be Contlinted to 

impro\e it'l etll p[lothlcli itv olffa.rllinig s's-

tets alid to pereintnl weedstiilIv.C.d, that are 

difficult to tanage. 

\eed nll.agiletit studies ol frmelilrs fiehls 

ei 'rei phasis in the near futuhre.Will 	l'tcei, 

On-farm collaborative reseafrch. ()illoi-lainn 

reserchI illa.\itcpllt. Kan/aia. and S hiraptr 

over the past 4 aishas,yeilcd h isctliti on 

iitli d tli\l'l,agotecol alt;lrliiil.! sVstellis 

Col ition"tI il the slii- riidtJropic". \Ve la\C al,! 
l-hasl\ka sli(crh d
tested so ie com ipol its of tIie 

ilnlpro\d lethltiolgi" itthe,,e tilre(. ,ielage,lor 

illipllo\ ilg tih plt lpodutit l oil V'eltiol',aind 

coniciuded.A1lis,. Ihis \wi k ha, now\ C'tln 

In Me comliing \ ear,. cNwl lhaS \,illhe plaed 
lt' litl( l technol-oilitst i1l r ilnep the' \Owti'tI 

ig5' in de nlltidable iiiliall aril,,, llt. I(,RIS,'
 
( ++.'lrC \ ) l ri',-Icllch a sSbe n,[tl h cu l t ika t in gti 


ofl tilethe 	 land nniilaels aftel the hit\Ca,t 


ed illgcitp . by li p o sli ng d iailnage. twdr\ 
p e.c 

d ofloell',Cttlai\ S,'
"eeding of ciop1 ali Of l 

IichllI%hilid 	 1\' tiil !' illptos¢d se,'h t'tlteldlrtili/ers, twti 

i o l m' lsoICSOSMI r ne i'
Co	a p s ll he 
anatl p limi/C pilCt iipea interclopl >Lt.\ 

hw , el en i ost of food-an a\a i 3.8 itonn' 

giail pro uil tioni per \eal \itlim itthle isc of 

the 	pat 5 ,ii igatiomn o\.r \ Weire testiing 

this tec.hiologv at I itldatlipall \illage tiil a 

wate shcd of ahut 15.42 hicetares i asocialiow 

\tith AltI)epatnillent ol Agriculture. lie All 

India (oiordinated I)ryland Agriculture 
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Assessment of Prospective cultivated and broadbed-and-furrow (B3BF)Technologieswaesd.T Crop cover greatly reduces soil erosion, often 

Review of ICRISAT Research 

A comprehensive review ofthe accurimulated evi
dence from 6 years of research on farming sys-
tens at ICR.ISAT was undertaken jointly this 
year by the Economicsand the Farming Systems 
Research Programs. The objectivc , t d 
if'. promising components for possible transfer 

to farmers and or those requiring further adap-
tire testing. Attempts were made to derive gener-
ali/ations wh,:rc possible and to identify Oh 
elVirolnnen s where c omllpo ent.s \ere expected 
to be viable. The resuIts were published il Bins-
wanger et al. ( 1980; listed in "Publications"), anda re su mmalri/eLI below, 

Deep Vertisols 

In regions of the Indian semi-arid tropics (SAT) 
with mcdi uni-decp to deep Vertisols andia rain-
fall pattern sinilarto that at ICR ISAT Center, it 
appears that crops can be successfully grown in 
both the rainv and the postrainy seasons. Pres-
ently. millions of hiectares of such soils are left 
fallow in the rainy season. The important con
clusions from field-scale managernent trials, 
watershed-based research. anil sirnulation 

modeling at IC RI SAT C'enter onl thesesoilsin 

. Cropping systems 

o Intercropping of mai/e and pigeonpea ismore 
profitable than maize-chickpea sequential
cropping. 
e Crop cover reduces curmulative and available 
runoff by at least 10 percentage points and more 
in low rainfall years; this is true for both flat 

to less than one-fourth of the fallow treatment. 
With early vegetative cover, soil losses seem to 
be well within acceptable limits. 

2. Bunding 

* Contour bunds lead to losse, in the rainy and 
post:iny-season crops by causing waterlogging 
near the bund and by loss of cultivated land. 
They are not necessary if rainy-season crops are 
grown. 
* Under both cropped and fallow conditions, 
contour bunds reduce watershed runoff by storn it em o a ly b vet e u ds w t rila 
ig it temporarilv ahove let hurnds; water nay 

evaporate or add to groundwater recharge (insitui runioff may niot be reduced).* Well-designt'd and maintained contour bunds 
reduce watershed erosion (in situ erosion maynot be reduced). 

3. t roadbeds and furrows 

0 Und er nofud C onditions. 
* Ur
 
cumulative ind available runoff by at least 30%
compared with flat cultivatioi. . 

* ider cropped Co dithns 1I1F may further 
reduce soil los:.es compared with flat cultivation, 
particularly i high-iitcrsity rainfall occurs earlyinpcth rin1sasnthe rainy sso .s Under cropped conditions BBF give higher 
gross returns than flat planting (roughly 15%). 
e Jnder cropped conditions IM,F give higher 
profits thanr flat planting(roughly Rs 600:' ha. Rs 
9 = SS I). 
e 131F lead to savings in bullock time required 
for primar.' tillage but not in other operations, 
compared with flat cultivation. 
o Operating within field boundarics may not 
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lead to substantially lower gross returns and 
profits for either BBF or flat cultivation, 

Medium and Shallow Vertisols 

There has not been as much research at I(1'RI-
SAT Center on these soils as on deep Vertisols. 

IlIowevecr, tile following conclusions can be 

made, a number of which are similar to those 

made for the deep Vertisols. 

I. Cropping svsteriis 

* Intercropping of mai/e and pigeon pea is 


higher yielding ard more profitable than mai/e-


chickpea seqtrential cropping. 


s Successful cropping based on residual mois-


turc in tile postrainy season is unlikely.
 

* Crop cover reduces cumulative and available 


runoff by at least 10'i and by more in lowrarriall \ars. 
rainfIll \ cars. 

e lK' cop co\er probably reduces soil losses to 


'Icc--ptablCIe kor allI Soil treatmnits. 


2. Blirding 

onotr burds lead to substantial waterlog-

girg losses to rainy-season crops, especially oil 

niedliill Vertisols. *Ihis generaliation implies 

that they are rot necessary. 
on ICR ISAT ('enter Vertisols is

0 Rutroff 
lower, the shallower the soils. 

3. Broad beds anmid furrows 


* BIF do not affect runoff and erosion 


significantl\. 

# B1F do not result in stbstantial yield, gross 


return, or profit increase,. 


The key difference between tile results above 

and those for tile deep Vertisol, is that tile B1 Fc 

on rmedi urii id shallow Vertisols do iot affect 

runoff or erosion nor do tie- substantially 

increase yields or profits. This seems to bedtie to 

the absence of serious surface and subsurface 

drainage problems on the uediium and shallow 

Vertisols used for these experiments. In poorly-

drained situations 1,B " may enhiance perfor-

mance and profits on tle medium and shallow 

Vertisols. Evidently, more research is necessary 
to understand the differing effects of 1313F on 
medium to shallow, compared to medium-deep 
and deep Vertisols. 

The conclusions emerging from research on 

Alfi!:Is at ICRISAT Center arc somewhat dif

ferent from tnose for Vertisols. 

I. Buriding 

* Contour bunds reduce watershed runoff (but 

not inI sit ti ruoff), while graded bunds do not. 

e Contour bunds reduce watershed soil loss (but 

not in situt hss). 

2. Broadbeds aid furrows 

Urner croipped conditions, the present FBF 

system usually increase ctrmiulat ive or lViailable 
rru~noff. ('trmul~ative arid available rtnof'fare sub

staintially higher than under fHat cultivation for 

1111: grades between (0.4 anrd 0.81. 
The present BBF system may substantially 

increase soil loss. 
r Yields and gross returns are not substantially
different for FtlB: compared o flat etition. 
[herentre profits are not expected to be higher 

for BBF cofpare to flate tivat io under 

r in F coditiois. 

Water Itarvesting and Supplementairy Irrigation 

A review of research oni storing runoff for sup

plernentary irr>'tron of upland crops at ICRI-

SA] Center and dlata from tie Sholapur 
research station of the All India Coordinated 

Research ProJect for Drvlamd Agriculture sug

gested the following conclusions. 

I.Runoff collection 

a \Vatershed rturoff increases less than propor

tionatelv witi siue of catchminents.
 
e Allisols at ICRISAI Center have greater
 

cumulative and available runoff thaii Vertisols.
 
* Runoff potential on I('RISAT Center deep 

Vertisols is higher than on medium to shallow 

Vertisols at Sholapu r. 
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* On ICRISAT Center Vertisols, runoff poten- lapur it is doubtful if runoff collection and sup
tial increases with soil depth. plementary irrigation will be viable even on deep 
e Larger catchments have a higher potential for Vertisols. However, it may be attractive in 
profitable use of runoff \,ater. 	 higher rainfall Izones. Before extrapolating 

results to the higher rainfall, rainy-season fallow 
2. Irrigation and or,:ani/ation 	 /ones., we require a better understanding ofvh.t 

* lraditronal tanks are concentrated on soils 	 are the basic causes of' the extensive areas of 

w1ith 	 lo\ ioisture-retention capacity and in rainv-season fitIowA study was cotducted in 

aa itanthe tFcoomics Program to look at this questionareas will) granlitic subsolils. 
and tile results aire reported below. 

* Iraditional tanks are concentrated in low r
rainfall areats and especially where postrainv
season rains atrc substantial. Raini-Season Fallowing on Vertisols
 
* Existing tanks in Alfisol areas ire more prol'it- This study found that the greatest extent ofable and tre bettert tLitMIhallt hose ill\Vertilsoll hssuyfudt iegets xetablan raiV-season Iallowing (12 million hectares) 
areas. occuIrred in tile states of' Madhva Pradesh, 
e Tank constructiom costs per unit of stored Mharashta.and Andhra Pradesli(Fig. I),and

\Sater Itenld to dec.reaise sitlh lte si,,c of the tank.(; n ml 	 most of the lallowed area consisted of deep Ver• (J~',iivfl\canii be uisedt in larger tanks: small0 G:1%Mtanks reur p . wic maygr alliancse tisols (NMIichacls 1981: listed in "lublications").
ots. ,According to this study there ire two /ones of 

Iarger tanks havu larger ratios s Ii- rainy-season fallows in India: the low-rainfall orf settled" I'rv" "egions, and the orfallow 	 high-rainf'allgatiorrl 	 'ommanllld arca tI(submlerged area.'(.[hereh" awet" fallow 	ones (Fig. 2). For the precarious,ore. t ie probably have lower relative 	 low-rainfall areas in soutlhern Maharashtra (e.g., 
Shofapur) where deep Vertisols havse a highe larger ainks and groups of people can be nOisture-lil capacity. rainy-season fallow

SIlp)orted h amriinistrative systems, while .tin fn 
in is practiced as a macn.us of avoiding the probilnes fell-. d0nlers (if soil preparation unrider extremely wet orOtis grbump actiron. 	 d~ odtosado viii h lreto 

* 	 Surppleriental irrigation fromh runoff collcc- dr* conditions and of, avoiding the threat of 
iidseason drought. Where 'be Vertisol profilestio 	 l nsmall \aterslheds is riot profitable on 

nediun and shallo\ Vertisols in Shiolaptr for 	 are deep enirgh growing postraiiy-seaon 
polsirrvny-season criop~s. 	 crops on resilual soil moistture apparently 
0 Suipplemn taiil iirig'alionl f'loln sma~ll-sca' le	 ineslts in I sUccesSftrl crop rirore frqtlently thaJn 
ruof 	 Collected may be profitable ol .\lfisols, growing raily-seasoll crops. Inl northern Mahia

i 	 rashtri (e.g .. , \kola), where rainfall is higher andiiore assured arid soils ire riot' so deep. littleIhis stid\ Indicates that the potenitial benefit.,, ruily-scason fa-llow is pnv:ticcd. Ieyond anolier 
froli stoling and using riunoll \slter on) shallo\ Iailfall threshold, in the Vertisols of Madhya
 
Verrisols Irnav be nitich fo,'.cr thin 
 nl e(fuinii- I'radesh (e.g.. Raiser) postrainv-scas(or fiallow is 
deep and deep Vertisols. ()n tilt itller soils a.iln practiced extensively. "'lhese areas appear 
runoff storarge \sill nio,,t likely be rimore prolfita- to have too much water f'or drought-resistant 
le in the postrain\ than in tile rainiv scasoll. rainy-season crops, sLrCh Is sorghtinl arid millet, 

Suggested Systems for Selected Areas bul too little fOr crops with high w'ater require
ments such is rice. Cmisequeritly, further along 

[his re\ ie \ of the research conducted bv I('R I- the rainfall axis into higher rainfall areas (e.g., 
SAV ideritif ied the likely coiimpnrents of Bilastar), the degree of rainy-season fallowing 
inlproved firring systems in sclected areas again falls as r'ainy-season rice becorlies clinati
( [able I). In drolughit-proie areas such as Sho- cally' feasible. 



Table 1. Suggested farming systems for selected regions and soil types. 
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I(l .SAT ('.nt. r 

iavc*ra .g or .i[Iut u r nIi 1 

Oeth p Vtrtisols Alf'is''ls 

Ak~la 

(;,i'rag, ,,r nc.dium rainfall) 
dlul) I, " Shallow 

\ rtisols 

: 

Soil- & wntor-
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lroidlods and 

'lfrrw.vs 
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Cropping 

Ss tel 
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short-dluration 
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s(e0)1 crop in 
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loten iI ',r 
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crop with 

Runoff col-

lection for 

supplementary 

irrigation 

N o Not Ior rai ny-

season crops(a 

Not for rainy-

season crops 

Promising for 

high-valued crops 

Not for rainy

season crops 

Supplementary 
irrigation from 
other sources 

To be investigated (if water is available ) 

Group action- ----- - - - -- Confined to estalishment and inainte nance of the soil- and water-management system 

a.lPotential may be explored for collecting runoff for supplemental irrigation of posirainy-season crops. 
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Figure 2 Incidence of rainy-season fallow as afunction of moisture-holding capacity of the soil and rainfall, with
 

approximate locations of selected districts. 

ss at tile district, were similar to those represented inFigure 2;Multiple-regression iale 

ths tee
analysis supported tile hypothesized
farn,and plot levels were carrifd owit to examine 

the significance of climatic, agroilno ic, and co- relationships. 

i tie extent of' rain- A loeg Thelsit ted to plot data from of
nonic dcterinans o survey con~ducted for tils study ( Michaels 1981)sealson fallowing. A.nalysis of' district data for I 

in tle "wet" rainy-seasonfallow districts ofofathe 3iears shows that incidence offallow land 
and oshaigabad, and in the rainy

inctrased siglificantly with tie coefficient of Raison 
ra.infall variation (lablc 2). Hligher May-.le season cropping district of' Dewlvls in Madhya 

rainfall ad\ ciely afvcted tile extent offallowing Pradsh. or all individual farrn plot te crop

not inthe 1973 74 or pig decision at tile outset oftoie rains isthat erapracticed in 1972 73 s 
iary coicthe te plot willbeit hrleftfallowo

1974 75 regressions, results of dich arenot 'File legit model allows estimation ofshiown). Irrigation, soil-iloisturlc-holdinig cropped. 


capacities, and anriutal rainfall wecre the main the probabilities of rainy-season fallow. depend

o nlvarious physical characteristics of tilefactors determining tile incidenice ilfllo wNin1g. ing 

When I railgc of' vahtics for tihe dctcril inantts plots, environmlental factor.,, and farmi varia

bles. The follo~wing explanatory variables werewere substituted into the estimated regression 

equations and plotted, the predicted patterns used in the logit: slope, position in the topose
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Table 2. Regression results of district-level deter- tion, rotation, and interaction variablesecmerged 
minants of rainyseason following in India, 1972/73. as significant from the asymptotic t-statistics of 

the :ogit. Presenting the results in the form ofl 
' l-t' , I v al,' predicted prohabilities of rainy-season cropping 

([lable 3) showed that as tie gravel content in the
llitwl twoir . soil increases (given the slope and clav content),

* a' a all 11 Ii Ill i 

the predicted probability of rainy-season crop
it Il,'w ping also increases. Also, as the percentage slope 

incicases, the predicted probability of rainy
- .. 1 season cropping increases, often substantially, 

,ly.forI '4 )[ ,,I.t.272 1.11l each clay gravel Changesn ,. combination. in 
Irrl:ili,u min .y slopes caln be sulficiently large to change oip 

(IIk I;.TI )N -:1.50 -1 17 expectations for rainy-selslon cropping on a 
li il di'i, -I. tl - lt; plot. For example. for a plot with a 0.7.w slope, 

N,, aIml n l 20 to 25"' clay content, and 2 to 1771 'i gravel 
rt.Xill ( I1O2-1:1.) I I .29 content, the predicted probabilities of rainy-

MN ' ,lucaif uI). I It -2t.,8;l season cropping are fairly low. We would not 
X,. , r ill\ -ij, ,' expect a plot to he cropped in tile rainy season in 
iail I--, rprw, 0.15 Raisen Ilosiangabad districts inderl 1 1 the and 

S( 11, x 1NAI N - 1:M.I -1 .91 these conditions. IHowever, for the same topose-
IU.\l\ i -2.1.59i -1:11S4\ 751-1 .3 1 quence and clay and gravel conditions, a plotI, ~ .5I', p 1 .25~. 15 

With marginally iigher slope ( 1.2"";) would have 
I k; \'I'llIN x S(lll, I1.1) 2:30 greater odds of being cropped in the rainy 
Ikl lI;.\I'l( N It.\IN I. 1.I 1.21 SCi son. 
I I1 ATItI N ' SI It. x In all cases, tile response oftlie predicted pro
f ;\I -N).;i9' -2.:1 babilitics to change in clay conient was not 

H1. >x 1 .IN".11 .7 2 2.111) 
\ entirely as hypothesized. lie expected result 

illw, 4 ra in- was that as clay content is increased, given slope 
i'll \irIliJ,,l I0.73" :1.:i alnd gravel, tile probability of rainy-season crop

ping would decline. This relationship holds 
IU I..5.1 initially, but is shown, by virtue of the interac
S5.1:1' tion terl, to turn and increase for higher values 

of cla\ content. 
a! Sitlii ,.'iiiI ii !;5'" , The final portion of this rcsearch consisted of 

,. iiil at I( r;..,a normative analysis of tile rainy-season crop
.. . a......... .. ping decision inl Raisen district, using discretei... 

stochastic linear progralmm ing. It showed that it 
would be profitable for fairmers inl that district to 
cultivate crops in tile rainy season and to even 
replace wheat with enterprises such as sorghumi 

quene, soil clay content, soil gravel content, pigeon pea intercrop. Wheat prices would have 
whether irriuated in rainy or postrainv season, to increase substantially relative to pigeonpeas 
rotation follo\\cd. Mav-.Jine raiifall. and tile for tile hIil\low-wheat system to be preferred to 
interact ioenbet ,Slole. toposequence. and sorghunti pigconpeas. It therefore seems ,tat if 
cIa v content. drainagc could be ilmproved in these "wet" rainy-

Ihe most consistent results \\crc for tile "\let" scason-hlillow areas, the prospects for replace
rahil-sei% a n-selll\ districts. lhe colficients on ment of the rainy-season-fallow systems with 
the slope, clav. grael, post ra in -seasoni rrica- rainy-season-crop alternatives would be bright. 
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Table 3. Predicted probabilities of rainy-season cropping on individual plots with varying slope, soil clay and 

gravel contents: Raisen and Hoshangabad "wet" rainy-season fallow areas in India. 

S til/('Il ,.. 
S o i / c IIIS 

. .... . .. . . . 
o il 

... . 
g rve l c v nt n t ("II) 
.. . .. . . . . .. . .. . .. .. 

( 7 12 17 22 

SI,.)E - 0.70% 

20 0.14 0,22 0.3,H 0.48 0.62 

30 0.12 0.20 0.31 0.45 0.59 

410 (.28 0.(1 0,55 0.6 0.80 

50 0.62 0.75 0,8,1 0.9 1 0.95 

SLOP1, = 1.20% 

20 0.81 0,88 0.98 0.96 0.98 

30 0.42 0.57 0.71 0.81 0.89 

40 0.48 0.62 0.75 0.84 0.91 

50 0.71 0.81 0.89 0.93 0.96 

SILA)PE 1.70% 

20 0.99 1.00 1.00 1.00 1.00 

30 0.80 0.88 0.,98 0.96 0.98 

'10 0.68 0.79 0.87 0.93 0.96 

50 0.78 0.86 0.92 0.95 0.97 

could earn an additional profit of about Its 

Technology Options for Deep Vertisols 3100/ha. This represents a rate of return on the 

in Assured Rainfall Areas increased annual expenditure of about 250(i( 
an attractive figure. 

.loint research by the Farming Systems Research On the deep Vertisols at ICR ISAT Center the 

and Economics Programs at ICRISAT Center data show that BBF increase profits by about 

from 1976 io 198 1(Pyan and Sarin 198 1,listed 30()7 compared with a flat cultivation system 

in "Publications"), has shown that ani mproved using a maize pigconpea intercrop. With the 

watershed-based technology using maize inter- maize-chickpca sequential system the BB have 

cropped with pigeonpca can increase profits by a 20(,' profit advantage. 

about 600"'i , compared with a traditional system The improved technologies do not seem to 

based on rainy-season fallow followed by increase risk compared with the traditional prac
e risk as tle ratio of standardpost rainy-scason crops of sorghum and chick- tice if we defi, 


pea. hlis improved system utilizing BBF has deviation of profits to average profits (CV).
 

generated profits averaging Rs 3650 ha per year Besides being more profitable, the improved
 

compared with a figure of only Rs 500, ha per maize pigeonpea intercrop systems are also
 

year from the traditional system over 5 years characterized by a lower level of profit risk (CV
 

(Table 4). These profits represent a return to 21. 27('(') compared with the improved maize

land, caj)ital, and management, as the annual chickpea sequence (CV 50, 57 7 ).
 

costs of all human and aniimal labor, fertilizers, The improved technology results in a greatly
 

seeds, and implements have been deductcd. For increased demand for human and bullock labor.
 

an extra annual cost of about Rs 1200 ha a [his is desirable because it will allow landless
 

farmer changing from the traditional system laborers and small cultivators, who rely on wage 
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Table 4. Economics of improved technology o deep Vertisols at ICRISAT ('enter: Annual averages 1976-81. 

s( )', ('russ 
reI tlrIIs ( ( 15ISS 1)rof its 

(rI)s Soil and 'rol) nilnlIiglInt .Is'li .
 

I, 
Nlaizt, pigemn w:l linmidl d.s-.md Iu'r(,,vs, IINV\.., 5:1, 17:10S0 3650 

inItertcl'q) 11 ,c'li iii I'tii *vhw (9751riliz,-rs, 177d
(to va;rrie~r, tphint pi)c t wni 

,NI /zt pi it' l il I:i 'til i\ 'li IN\'Vsl 4007 1771 2836
int(-rc~r(q, c'hemicali I't,,rIiiz,,rs, w hihl- W 06) 
imi(l cni-rriki-~,pi nllprotecil inl 

\l.iz'-'hi'lp,;WImralbe, md fur,.,ws, II, 53041 22,t1 3,}063 

t- I I liI ; I I IiiI- it'- l I I, l z , vh,wI II I t , (152 7 ) 

...I lwr,t hat thlel r w g dfia 

M liz i ' -h irklw a'; F hil (.1 l11I\ Il Dil, IIY V S!' 4 8 1 1 2 2 5 4| 2 5 5 7
 

nIi ;tri i h e . o 

s'lill ehilnlorg) thnige uct I.r ihr wle, asd 1wa69)
I, ,,I, ';Ir i,T , iill iI ! I-1 4I , I i(Ill 

ltlla.i -l 2 5'r . imichanj,[h1 tad-il vscri- atiliot1083 t 58as 9 
I';lI , a, I tls'll, s t- -sa.,ms - macIhii tile wlr i, d m1pen t (270)

lll.'illl illl
'-t , l ll ll
 

Itl A 1;m li in hleak, 111.11 in ilr. c f-Iilwhl. I 1enter ;uied t t(n il l .wl (11, illle [III-nls.Although 
. ic tlltth f 2H llo siiys.rs f111 agilelhill. ,il tts-b s ( f 


ietrivedfrom iour li-i ., lee Il 1 isi it the li- ari ftiora seurn, coll 


t ire i ,,pa ill. i-r " , u lcre lan d irerctr n 

by 70l \% : tial p s te.,
 
Au \,irih [ iltir d t il o Il l 101 i . 'itceail; i(,ll
e , nt ercrop - hrii ,SI2:,51-5te d t Ito 
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ma ticlr ii p l l rh. [hil' opra t iels, ollti ho iihs ld tlltis i' liIsmootidis. of pli isd oilr mi 

tarnings foda substanial pl hftf heir nco e,to would ll to ptii pward prssure ol agriculu
[hic intie additional inoino streais that the ral wages, WuhihsnCould benefit laborers. Howil lm d icchnullogy 
 ca'.IIIlietale IC. Th'le evecr, aiswe'have (I'.,erved in sonic 'illage-level 
irnproved (echnologies L'illinllplt, (illinlcreilse ill studies, ressulre oil wiages CtllCOUra.ges selective 
himmmal labor tilsof mlore than 250"1. the tradi- Illech,1n11,1ionl, suich its tilt use of' threshing 
iionl i i\-esnfl~ post rainy-.¢asOn- machines which miight dhrmpen the deniand 
Cro0l'lpd-'IL il l I'R I.SAII-('elir uls'd it litt peLa ks. 

lilli-Cl otlr r hIIICC-m ore" than 300 iall 011 Ilhe im proved cchnolIogy1 an a uigmentt aver
W\ith til e: re 2 08 ag e b ulllock list b ,, 5(0('j,fo r Iln 

derived fromn our \ ill;igc-lc\cel studies Iinthe Sho- by 7(0'f for ;isequlential crop systnl. TFhc 

ar . Ilh is CO Mp YrCSW,01l fig'u ofl intercro p systenm, 
i.ll] 

[aptlr region. lih Inmprovecd intlerclop (chnolo- main raso nlsfor [le increased use of bullocks 
gics could inllcease this to nmore than 1000 arlet(1)the additional land preparation, inchid
nlan-equialent ho ulrs per hcctare . I-li opera- ing inilial s mloothing of fields, plowing, form ing 
lions demnanding increased humlan labor wo'luld anid nmaintaining 11BF. and (2) tile sowring of' 111 
be threshiing, harvesting,\weeding, and so\,inlg, additional crop in tile case of tile sequential 
The substantial labor peaks that could result SiStlll. 
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nw A ti 

a Ail to, my' 

NI, e,1 0 'Ial R l" %Vl 

and Itdl V 'AI'II tile I I I)I Ll I I ' IC tt' CIL-i ''Z i/ull',iII I l 1 (i iito i/li 110/it I C0111-i 

'0 01 I~t OCJIli pater Aui) \;hti lei~eIa ililalllll- dia ilinei. I n adtltsIMiii)W Ithe1 IL p\iiI 

'\cIiif As'hti1tidlI\' iteis hkwthate iltelrithl an tituliipac oetihl2 atII thle jiniIel and 
diinhde-criip sytuem mil ihou he1to M ot01)he sCith thed i e~svsel edlih eeiie 
chistlc-pxe tih,,tiii11mcd siieet lsi.epalebi- IeeI~~~ete;~iaii\i trP iu 

taI\ L'LtI CI it II II lease(IuUinltI itI IS0II d(IC ,JI IISit Iuit1i0n of Water Hlarvesting and 
tOwiaurprilii~iiii ei ill the liltal \eal Su1IjpIl1ICIntar) Irrigation P~otetialts 
M IC5 teilte ioailihted i. ht-irl.!itdc -lo)pe lsilli? 

huen paid teecd 'thi li,[ \Itlli llmiicl lt IrIliisltips 

\1 mie mit-laiiii tlscl'i.h to~ tselitiIthese lesuhll kai' s s e Il l Ctauill( tile Co.(MOIiutn 1P(1Ctttt 01 

tI mmt I(I S* I ('ntel is lequl iL, chpueiamII\ inI lhidI~etilitl cxkes. 11 I lli tiailtk' Im I;")

the hitnz-talirtauI ( 75t) nuh) /iiqe, ill .\liltUna plelielhdI ilryionii itl wq~\LiIiS'Ithuil 

Iii hl'sLUNCIL'i sihMIiid e\Ihhl1hli. tee1HIlt aspeCts t)jAsSse~IIuI. thle Liui01iii~Islit usittI hIist

lot lilte ICltltili ' s it',s 01ttCI1tdtISL' ClOIi)hI iI Ingan utt ppLIilu iitiml Ilfig tlili): A\ siItfIu mtiim 

paieflfit andi IitmliIllS. and ktVL'CdjllsCI. andiu approiach. It'iiitiltis P
4 iL'~altll 1licLl ilikedtum 
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Table 5. Average net returns (Rs/ha of catchment) and areas irrigated (ha) from supplementary irrigation of 
sorghum at different growth stagesg 

I,, cotion s.(IlI hind 
111:1n:1go lle nt 

ItilSA'i' Centtr Vertistls 
IMll (..T!;, 

It ISAT ('enter Alfistls 
1IM ' (t..1!; 

S>IIahpar Ve rt istIs 

llt 

Net rt'turiis 
Aren itrrigated 

Net returns 
Aretn irrigated 

Not rotlurns 

Area irrigated 

a. 	 Assumes ta'rtiers on Iiht 12-ha wntershed shrfte 
sorghnu )rit'e of' Is 1.5,kg. It is tist ;issume d 
is indiepedleniit of sIress in tltier tlges'. 

paper). The model was used for ICR ISAT Cen
ter Alfisols and \'ertisols, and for Sholaptir Vcr-
tisols assuming a 12-ha watershed and a 20-ha 
cm sealed tank. 

In general, tte Joint probabilities of'stress and 
avail',)ility of stored runoff are likely to ie 
hig'er at Ite grain ripening stage forall locations 

land Thus,lllt tldt.'rvariuste~ltnIn,and, tunder variouis lald treatments. Fheass for 
ranl'-Set2SI. Sorghtlll it may be advisable to 
sVe1"I rvreSf(ld runi off ffor the ]a ter growth stages, 
thereby irrigating I larger area of crop and also
obtaining greater yield andt profit increasesrs 

lable 5). 
,\lfisolS Of fr IntLich bettet prospects of earning 

profits from this type of technology than Vertis--
ols, although even on Alfisols the net profits 
from the investments of more than Rs 17 000 ' 12
ha wa, tershed arc not very attractive. In more 
than half the years the st rghum crop wotild be 
under no( stress and coul not benefit frot irri-
gation es n t though the tanks would he ahnost 
litll (Table 6). In contrast, on Vertisols there 
woul be no stress for more than 2 otf cv'erv 3 
y'ears. In such sitttations the tank would be more 
than hall full. ,\eagcd o-tt, the 
this sittuation reduces the pt*yol 
Irom the occasions when there 
stored r nofIf;,tcr is itavilIable. 

freqticncy of 
obtainable 

is stress and 

(rwtli stage
I,n1ich, 50(,, Grv un 

in it iation t'lowe r ili ripening 

tht, costs 
that tnti 

Table 6. 
in 'ears when stress does not exceed critical levels at 
ICRISAT Center, using BBF at 0.4%. 

-120 -53 58 
0.25 1.39 1.80 

-12 77 304 
0.74 :1.58 '1.22 

-67 -1 217 
0.68 2.42 3.76 

(il' the tank, pumnp, and pipes, aid a 
et'l't t tf' stress an yield at any stage 

Average amount of stored water in the tank 

Growth stage 
... . . ... .... . . 
I'a i.lv initin l 

i tter of' o~a~t ha,'s\\ue tvan ihlatles (ha timt 

X yrs ,tt n, 
51)% t t','ring 

Wilter avtt In te 

tGrain ripening 
\(lir 

- y-rs -,,f no 

stress 

tm t'il) 
strss 

ivaillhacn) 
str,-ss 

\ert isttls Alitisols 
. 

11 .2811 218 18.1.1 
XI 89 

:3.G 
77 

19.2 

12.9 19.1 
6;7 53 

These results suggest that it would be difficult 
to justify water harvesting and supplementary 
irrigation for rainy-season, low-value upland 
crops like sogliun alone. Co,'sideration wvill 
have to be given to changes in cropping patterns 
along with ne introdtuction of the water harvest
ing technology so that the water can be used 
iore frequently than only for"life-savingirriga
tions" of traditional upland crops. More 
research oil these questions is under way. 



298 I'coiiomics 

Impact of Machine Thresh-
ing and Implications for 
Technology Development 

Should research institutions in the public sector 

invest scarce resources in tileevaluation and 

design of threshing technologies for the SAT of 

India'? Ihis lultifaceted question \\as partially 

addrcssed in a stutd\ on tilevillagc-lesci consC-

quciccs of mcchalnical threshing (\'a Iker and 

Kstirs'igar 1981. Fconomics Program progress 
report 27). [he research IocusCd on the pIos-

pects for and impact ot mcchanicaill\ threshing 

rainfed sorighIiiinl 
[he study relied on ICR ISA I Villagc-Levcl 

Study (1S.- data that arc idcallv suited for 

impact anal\sis because they can furnish a 

"'beforeand after" c aluatiotn along \ith a "\ith 

,InIJ \\th0t" comparison. NIoreoer. the time-

series nature of the \[salltosan in-depth mort-

itoring of the Cmploymnnt effcts of new 

technologies. 
Because of few confounding effecis, Kaiara 

village in Akola district offered an excelicnt van-

tage point to evaluate the impact of mechanical 

threshing. The first thresher was introduWc.d into 

the \Illave in 1976. Bv 1980 five thresliers, owned 

mostly by large larmers, had been 	purchased. In 
1979/80, two threshers operated in Kan',ara, 
and the O(i.hes did contract work outside the 
village. 

Mcchanicll threshing rapidly displaced tradi

tional methods in Kan/ara Clable 7). By 
1979 80, all 30 larm households in the VI.S 

samp!L had hired mechanical threshers to thresh 

at least "1part of their produce. The data in Table 
7 also suggest that mechanical threshing has not 

completely dominated traditionll techniques: 

many farmers in 1979 80 reverted to traditional 
techniques. 

Ihe most salient feature oflmechanical thresh

ing in Kan/a ia is tile rate structure that owners 

of threshers have adopted to promote increased 

utiliatiot of thresher capacity. For sorghum 

and whCt, regardless of the sic of output, they 

retain 4(' of production as a paymeint for 

thrcshing. 
[he results from thi. stldy\ strongly suggest 

that tileintrod uction and widespread diffusion 

of machine threshing in Kaniara did not signifi

cantlv reduce costs, increase cropping intensitv, 

or displace labor. Ihese findings must be placed 

illperspective, as tile results frolm one impact 

study illone village cannot be expected to apply 

to all of SAT India. But they do provide a refer

ence point forainalysis oftllh lieIkelv consequences 

Table 7. Method of threshing hybrid sorghum (('SII-I) and local sorghum on sample farms in Kanizara. 

(., - - -	 - Cii iyi';Lar - __...
/ 79 !79. 8(0thrtshting I !1; . 7G; 19761 T7 1977 'T7 I,1078 19 

.. ... .. ... . . . . . f mlllp ut . . . . . . . . . . . . . 

1 1Gi 	 0I tl 	 18 
I111ll 	 29 3 07)( k 	 8 2Mn t.hit-	 71 82 t9 93 

20 221 19.867 9,112 16 800H 2,43(l)ll)i t tl) 

t 1' 	 17 27I Titl 	 28 
2127 -1 	 17 

66 52
1uItIc k 	 72 
M( tim. 0t 5) 82 

14,35:3 12 865 5,1)4 5:146 8067
(ilIput (kgt) 
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threshing, totaled 40 in 197576. By 1978/79 
only two observations of labor hired for post-

harvest threshing were recorded in the VS 
sample. 

Nonetheless, a buoyant male labor market in 

Kanara insulated daily workers from the poten-

tial labor-displacing effects of mechanical 
threshing. Daily agricultural workers who 

threshed sorghum during the introduction and 
77 anddiffusion of machine th reshers in 1976 

1977' 78 experienced significantly higher rates of 

unemployment than in 1975 76, but they were 
able to find alternative employment in 1978 79. 
Because cottori is the principal crop in Kana ra. 
we should not cxp:ct that machine threshing of 

sorghum w\ill cause ahigh leveloflahordisplace-
ment. This henign expectation may not hold for 
rainy-season fallow, postrainy-scason sorghum't 

areas, nor \wtuld it apply to new mnulticrOp 
machines capable of thrcs,iing grain legumes 
that traditionally require a large amount of 

."elale labor in the threshing operation. 
ikewise, we could not attribute an increase in 

cropping intensity to mechanical threshers. 
Increaseu sequential cropping is not docu-
ment d- in either before-and-after or \,ith-and-
without c,,l ,,;i!os. For other areas of, the 

SAT, the ar,,uincnt that machine threshers may 
break labor 'totttlnecks drat constrain multiple 
cropping may s,.ill apply. but the alidity of the 

arilunicnt is diminished by the multiplicity of 
cropping patterns in ,.trxland agriculture. 

Ourt rCsults show that ttcChairical threshers 
hac 1nt significantly reduced threshing costs. 

Certainly, tih,lV in-kind feechar'ed bythresher 
olners has not been exorbitant, but the spatial 
oligopsony nature of the 'illagcthreshing 

mar ket suggests that the nost-redw'iNg potential 
of lechanilal threshing! has only partially been 

reali/ed. I lie dynamics of liffusiot of inechlni-
cal threshers point to the saute conclusion. 1lie 

41 price of mechanical thieshing has iol, 
changed CsCll with the gradual ClilrY of' more 

machines in the past 6 years in Kaniara,. 
With present levels of cereal iln 

AI India, only i les Illachilles per village ,are 
economically Icasible. A fe' machines, per \il-

lage do not lead to competitive pricing. Uider 

these conditions, it is questionable whether 
potential benefits from red uced costs due to new 

threshing technologies will be passed on to pro

ducers and consumers. There should he less pro

hlematic investment alternatives than 
mechanical threshing research and deselopilent 
todirectly increase production il SAT India. 

Yeld Gap Analysis 

Iwo studies were completed on yield gap analy
sis using data from the VI.S. The first study 
utilied budgeting techniques on the majorcrop
ping systems in three regions (Sarin and Bins

wanger 1980, conoimics Program progress 
report 12) to examine the value of the IRRI 
methodology. Our concern was primarily with 
(ap II the difference between potential and 
actual farnl yields. Unlike I RI., v do not deal 

with one solc crop grown generally under 

flooded conditions such as rice. but have a 

number of intercrops go\l undcr uncertain 
rainfall conditiols; therefore yield per se ha no 

meaning. I lence we rely on gross and net retti ls 

in Rs ha to assess [)erformanee gps (able 9). 
Results lor Akola. at fairly assured rainfall 

region oriented to cash crops, show that farmers' 
costs are substantial but a little less than "shen 

imlpr)e\Cd tcchnology is used. lhe gap for high
yielding sarictics of sorghumn is only 20"i. while 
for the intiicrop coip irisons farmers' returns 
arc two-thirds less than those of the improved 
system. In both NMithbubnagar and Sholapur, 
farmers used far less material inputs (mainly 
fertilicrs) than in the iniproscd system, and 
their output consequently \,,as iore than 75( 
less. 

Although the above daa were not explicitly 
derived for undertaking gap analysis, they (1o 
suggest that the larpe gaps bet\cen farmers' out
put levels and those fron ir o ed tchnolegics 

in village fields llay be aissociated \%ith variety 
ald fertili/er differences. 

(ap II cal be divided into t\No components: 
(I) that caused h hitlogical colst .ailts, and (2) 

that caused by socioeotniC constraints. To 
cudeaVOr to scparate these two determinants, 
whole-farni linacar risk prngrairing was used 
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Table 9. Gross returns, variable costs, and gross returngaps from different cropping systems under improved and 
a

farmers' management 

T<tulI (;ross 
(GIross v rit)h rUturns 
ret urns Ct)tLp (8 II 

It 'gi()n /S() i ('opitng -ystt , 1{s,/ - - 

Mlll~lllll~lr(:\urt- Im )ah 
A [ i N4 I 

Inpr-vod \tlihtgi idfits I' Castor stih, (IIYV) 1316 773 
Fi"rliirs' pi)t- (stish)r so ( , 1h )('l) 326 339 990 

(75)dlIi1)r -vitI villige phi s/1 I ig tiiitn na iter rij)i edi w ith 

sorghti (11'Y V) 3086 775 
VI,r ItIrs t'.ts S tirgi ti I ixtures (I, t I' 1 421 248 2665 

(86)
A\k(ihi (Kinlz~lral
 

Modl min -dhtcp Vert i.+(ls,

li-tirvil vil!%gv pltsb Sorghttim (IIYV 1788 765 
,' lt r'' pI ,s" S iortl.III (IIY ' 1425 562 363 

Inriruvtd village ihts11 it getttpta tiltertrppeiI with (20) 

stirghiti (IIYV) 2042 829+Farmers' phi(ts"' 
(',ttn(k,,(wid) I sirghumi(lkoc l) 

Itigenitp(e (I,() II) 701 768 1341 
(66) 

Sitt ip r (ISirapur)
 
it' V ,r.i'-s(is
 

[Initrtv'tl viing, ptlts l Sorghulmit istri iiy -itonsi (IIYV) 1606 1080 
'tVrnitirs' t)i#)s(' Sorghtii it)strajiny stisitit (L(it) 3; 250 1210 

Im1pr,)ved villg(, l)114,1) ) ligi( l)(po (IIN'V) :3806 1 123 .7.75) 

l'i-iit'n rs' tih)ts" l'igttt)nl)t li( , I I 282 88 3524 

(93) 

N, lIr o,> ;irt, tili, .ailll ( r nll I,(c iiions. 

,. liirio.tod kiil itti tilter I) 1978/79. 
c. ,ri r lii airt' rr I ii't Ntiiiiih, 1()r tih yturs 19)75, 7iG mtd 19711/77. 
d . I'' -'vs In rt :iira i ' l ig il'l' r ,l i s. 

((hodake 1981; Economics Program progress constraints were imposed, including land, labor, 
report 24). This technique isparticuarly suited to credit, and risk aversion. The programming rou
the analysis ofyield gaps inl rainfed SATagricul- tine maximizes profits subject to these con
ture where risk, intercropping, an(] rotational straints. Bv relaxing these constraints one can 
complexities lead to nunierous production alter- evaluate their impact on returns and hence their 
natives that are difficult to assess using partial contribution to "gaps."
 
budgeting. The gap between present gross returns per
 

Using data from the VI.S village ofKanzara in hectare achieved by farmers in Akola and the 
the Akola district of Maharashtra, 27 possible potential gross return if farmers were technically 
crop production activities were defined, along ti allo"atively efficient, had no capital and 
with labor-hiring and credit activities. Fourteen labtor constraints, and were not averse to risk, 
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/'armert' ldh wider ma 'railitt/uage tli)fllt, 'd ht-Cogi. )'ield- 1) a Iah.'%isenm. improved C/C in I/th I IS 
I,.%.ugge S'Ited t/Ia / I to/ apital(1(t'rr/ ili: 'r.m,u'e.ti, it e., inmproved u/tivar.,. 't. ) atdtec/ni aladvicet ere 

Ih maia/or CCto Irtil pr'\'e tit 1artnurs I atJievin l irt reitalth wht .' 'nglig/it'rand l / / 

was around 75"'i (lable 10). Capital was the innovations) were the major contributors to 
most important single constraint, contributing yield gaps in all six VI.S villages. 
morc than 50(7 of the gap, palticularlv on 
smaller farms. l.ack of, technical efficiency 
exnlains most Of the remainder (l the gap and is Yield Risk and 
more important on large tarms. Risk aversion is G( notype Selection 
onlY significant ()In small tarins, but it does not 
explain more thian 15( of their gap. A methodoltgy was de,.loped to caluate getno-

I hese results suggest that mathematical pro- type p_'erloralllice in ftltilocatiotn ald mul
grainming can he u,,ed CftCctivclh to idCentify the tivear trials, (Bittwaingcr and Barah 19X0. listed 
causes ot gaps in ottput between what is feasible in "Publications"). [his approach is based on the 
on farms and what is currently practiced. In the distinction between stability and adaptahility. A 
case omlthe farmters in Akola district, our results genotype is said to be -stable- if at a given loca
indicate that capital is the major contraiut, tion its yield \aries little from year to year: it is 
along with extensit and ltuallgeiccitt expertise "adaptable" if its yield on average over years 
required to iutprtlt\e technical cliciency. Ihese varies little acrnts:, ItcatiOns. 'I raditional 
sUppOrt the conclusilons of Sari andi Bins- approaches to stability analysis do not distin
wanger that fertiliers (which require capital) guish between time and location dimensions of 
and varietal improvelmcnts (which are technical environmental difte:enCes. 
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Table 10. Partition of yield gap (%) into various coim)onents on different size farms in Akola region. 

Intriu s/iz
S4III; II (.' I illilno ,; rg (

. ,r s Nr,, tI (rss r;rissN i 	 N ti(d' 	 gaI I,( | tirli rv ill ls nr, I ii'1, re Iturns ret uris r, t irts 

T.,I n tIiit 	 I;I-C 1j1 iii 33 Iil 50t ,t
:\ llw'Hl v 11.I'llic it-]leY - 11 1 G h
11 -. 1 G; 

1IA -ri is i illt; {n )0 0() 02 2 

I 	 , prc' ill gn i ) 7;I 78 75 8( 72 78 

(I. 	 lul b g)u p dit"' I-- 'mi .', rcrI 1,I'.l nwIi stIrIod als ;I 1w4rvei ngeil~ (it' ltlw Il)ol w hlil g;ipl. 
N,X, g ; i ,.%, s ig n i , ' g ; r o' ,lu r n l g ;il i t ,I s imi I ;l lfn r i u s .l(m d I l i r g ( - - . , s wI o in d ic 'it t v ii i -gi l iv el 

('{,I~rIMI -fH Iil 1Ti ('''{', '.% Ilh.;-,,ul, valluit. i'l, illdclo(,;l,{ IIh ;ntivt, ineficiil, l.v 

Stability relites to risk, and it can he evaltatedHthrough a choice-theoretic fralevork that can 

ftiiihigtuouslv rank genotypes by incorporat- = 
'ing Information on fariers attitudes towards
 

risk. 'IhIe two prinlcipal features of thle chioice
theoretic framework itre highlighted in Figure 3. It
 

First, it is rsstil ed that a farier has a prefer- -
elice o" utility futnction that relates his level of 
 *•
 
sltisfiictiOn, to the CxpCcted yie ld ,fa gelotype
 
and its variabililt. Various Colbinations of' 
 -" 
cxpuctd yield and standard dleviation can lead P,
 
to tihe Snilllc lCCl of satisfactiol (utility). Ill Fig- L 
tirc 3 oIC such combination is Pi Ri. Because 
 Y w ]Iindis-id tals display a preferenice for lower v'ariability and higher yields, the ttility level 
 assi-

hiheryleds, 	
Figure 3. Risk aversion and preference-based choice1) ,111y a d ile litlity lev l aso- in genotype selection.ciated \witfitlhP I 1 is ile highest amiong the four 

iso-utilitv lilies. Farmers attellipt to Choose Ihe 
!"Cniotype (designated by lettes A to K in Figure
3) that allows them to reach the isoi-utility line connecting K, F, C, B, and A. A risk-averse 
that lies tile farthest int ilie direction of the arrows decision maker who hates to lose more than he 
to tie lower right corner of Figure 3, i.e., tile likes to Vain would prefer genotype 1) over 1
getiotype that allows lheml to obtain the highest because it achieves a higher yield with equal
yields w\itli least vaahilily. standard deviation. A genotype is risk-efficient if 

Secondly, ihe assumption that lariers are 1t (life' gelnotype in the tested set can achieve 
avclse to yield variability facilitates the evaltia- lhe samIie average yield with lower standard devi
lon procedure. ()lie only has to consider tihose ation or the same standard deviation with higher 

genotypes that lie oin the risk-efficiency frontier average yield. Choice anong tile risk -efficient 
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gelotypes along tile broken line in Iigure 3 

depends on the slope of tile iso-nitilitv lilies (tile 

PR lies) thllt mlap the trldeoff preferred bv tile 

luiiler btse c inexpected .\iced and i tc'i 

Ilie slopc of the. IR liles hlad Callicr he,-n 

estimitetd in sseriC, Of JcShCliolgical C\pCri-

ntr,, ( llinlswlcl Nt)S)) ,.heCe it %uss found 

thlt the sllope ( .i;idlll de\iltiol ye.\icld 
lies ,'loeto' .) forlt 11,emi-,lrid IWitical fliers of 

Miahallashlia and Antlhl, IPadehzlt.. [ora ',iualiie 

of 2.f. gellot'1 I s Olull bCtl IeIprefl rIed choic 

in I re 3. 
An ldditie llodel of Crop vichts '.'is used to 

cstimaltC the 't'l0lleOIlClItS of gulIot\ 1' \ie0h[ 

\'ariibilit\ \\as partitioned by anal'\,,is of Vl-

iiance techtniques iitto stabhiity and udaptlbilitv 

Colponellts. Ihe stability compollnent is made 

ip ol the \.aiance of a\algc ineel .ctrit)oss 

locations 'and the \variance of1tile reSniual x tile" 

interaction,. aftl the iiterae-
tioti is L-'ccounte.d ior. 

A sinmitlr lrocedtul \%;I,a lssed lfor selectiug 

adapt bili.\ -clf icient gen':. psu.ihC \ariiC o 

a\Craiig clop \tell (()\'r years) acr..'. locations 
as,eslim ate.'d fo>r the aifliti' modecl, but. tulke 

the stabilit\ analysis, criterit If choice liong 

gcnot 1p ,\ lcs l prmosed in the adaptability-re 
Cflicicnt set. ()ptillill eoicc Cll only be irri'chd 

at thltugl,a ctul1IisOll of the costs and poteli-

tial flt the success ot (hifcrent brteeding 

straelgics. 
With these proceltrcs, Conclusions itbolt sta-

bility and adaptahilitv ap.lr only to agrocli-

nllatic ,rones similar to the ones ill which the 

tultihocatioll trials \wCre initially conducted. 

('onclusions that ilre not nurscry- ofr legion-

specific. shlould be basCd on physiologitc'al stRuc-

tural lodels in which chalacteristics. suchi as 

drought tolerance, photoperlod u-,Ceisitivity. ofr 

diseasc ilnd pest rcsistancC are specilically idlnti-

fied. I iis studyv reconlenLs regression lnal,'sis 

oil pliut-independcnt \,ariablcs as it suitable 
apprl~loach to such structural identification. 

[lie choice-thlcolctic frames\wrk \%aN tested 

witfh data Ifroll the All India Coordinated 

Sorghum Imiprometnent Project (Barah ct il. 

1981, listed itt "I'ubhicatiotus"). 1 rial data from a 

balatced set of fi\c hybrids and six varieties wcre 

chosen over 18 locations I' o1 1971 to 1974. 

Management practices ineltledCd a uniforI fertil

i/cr dose of 80 kg N. 40 kg P(),, and 40 kg K(). 
. nto\\i l: lt PI teCction 

'For arietliestidtins particillar data set, three 
t\\ o Ibri.\h s osere riIk cfficient. II\ brid ('' 11-5 

k.is the plCrrrd gCnot\C 1o1 .;lVuilg I\Cls of 

rik a\csion, aid it \ais also the highest yield

iig. ( ienot\pc rankings based on risk prcleren-

Ces and \iCltl \\CIe highly corrClat'd. Morco\Cl. 

SiigltI-yittr dalta pICdiCt'd idaptability ;and sti

bihity fairly \'.Cll, and Imost llcllbers of the 

stabilit'Y-elicicnt set also belongel to the 

adptability-cflicient g oul. Further atnahvsis is 

rellired to determine t\\eother 'thlclc tlsiotS 

hold ft gellouvpes tested ill lo\\er fertility and 

less protected eIl\il'onloetit,. 

01 ganization of Wells 
for Irrigation 

.\ stud(ot the orgali/lat inl and managementt of 

open \\ells ill three of the \ I \illaecs was Con
dueled to test the fi\ pothesis that fillellers \onld 

prclfr idi. idual otleleship otfsmall suppcillen

tar\ irrigation soulces ()ollelt\ et al. 1981. 
listed il "'ublications"). 

S.\Cll i respo teidts ill Aircpalle. two ill Shil
raptlr. and tlcc in Kalia:-a eecI found to 

shillre.ol hold sole (m,nership (of. Illole than one 

\ell. I )ifflcrtices in cropping patterns, soils, and 

siubsurllice gcologv aie likely to lli\c influenced 

tile pilttrils of \\ell o\%nershipl' in tile three vil-
Ilgcs. I lie ocrall high ineidence of \ell owner

ship ill these three \illages is striking. reaching 

48' of the Clitirc VI.S sample ill Aurcpalle and 

431 in hlirlapur. At the time of tihe study, wells 

\\Crc the pniliulr\' s iice of irrigation in these 

vilhlgc'. 
I lie aelage numbers of o\\nCrs per \%ell and 

the .\eIage numhers of acti\c owlers pr well 
\\ ho irriglated in the postiiiln.%scasol of 197) 80 

suggeCst that small group do l(ill ttlillselves 

around these organi,,ationall' independent 
sIUilrcs of supplcn)Ctlry \\atCr (fable II. 

Many sells ilave beell tulder shared miership 

for sc\cr;l generations: most changes in o\\'nCr

http:shillre.ol
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data from the three villages would be that 
Ta ble I I. Shared m nerhil nduse of wells aniong 
respondentis ill six SATlii villages l71)/Xff although smll groups of owner.s, form and per

sist around these wells, shared ownership is not 
Jr,- easy t) handle organi/ationaly and it may be 

tll llnCom1nll unless there arc no attractive 

alternatx'Ves. 

2. 	 o.s Water control systems and the degrees and 
kinds of interaction allOlg fitrmners were also 

.x,-, ,witr, I,wo in' estigated. lhesw yVsteclllsminimize interac-Iwnd." .15lionl amnlg ilhe o.wnerls. F"a.rmer"s do not meet to 
..\Ilivx' x - \xviih conilfer together to consider lie sasoll as i 

*xir.iw1rhi 2 t0 t0 whole, or to devise \a's to increase the prodnc-

I i., will-	 tivity of their shared water resources. On the 
h-.hr, 	 contary tirthe ssts assure that tile rights of.l 71 8:3 

each individual operate automaticaly by invar
,,x . i ,,r, ,. i , iant principles. [or example, in Aurepalle there 

3.5 	 0,7 is a Lie faCto LIpper limit on the area one can 
irrigate, and in times ofdrought all puilps must 
be turned oin and off at the saei time. In Shi
rapur rilts to water Ifroni wells are reckoned ill 
terms of days. For one day's share, one is entitled 
to as much water as the well will yield from 

ship icetto occur through inheritance. Pullps suinset to sunset. 
are alst) onned in C011lollmo. [he behavior of the V+.5- sample farmers who 

Ihc natural agricultural el\ ironnlct appears share rights to wells in AurCreple and inl Shirapur 
to b! a ke\ detet.rminant of clmntion well ocontier- contradicts our earlier hypothesis that fariers 
ship. I he highe",,t axerac of ones\l's per \would prefer inldividulll O\Vncrship Of smll sup.ltumber 
active xxcll (4.8). and tIhe highest a\cragc number plemnlntary irrigation sources. 'Ihe systems of 
ofi illiatilig larirrs per actix e. shared well (4.5) cooperation followed by flrmers woi share 
ail I_ rc ratinlall is the least ri:lts to wells in Aurepalle and Shiratpurliilld ill Shitapur. x h are 
depCnd;hl-wC. Shilapi ,ll so has the highest clearly rule-based. Farmers who obtain access to 
shltilcd u(xlrchip per pump 13.5), \lthough a well IteeId not worry about \what the rules will 
S'lrnaptut's, dcep \'ertisol'. ha .c a high rloisturc- be. On the other hald. decision-based interac
ctenmiin capacity. laritiers still \,%antt wclls and tioln in \whilc one person's decisions ont crop

imIt i tlem in c0t1rtmr1. I ftc SCCItld lrgest aver- ping pattern o, irrigation timing might affect his 
a.uc ttiiitCr of imxrrs per \vell and of active neighbor's crop, is carcfullv excluded by custom 
irrigat ois are it Aurcpall.. whlere the moisture regarding shared owntership and use of wells. We 
CM rIIn1ircnt Ifor crops is also latlter Undependa- slggest that such rule-based activity is suitable 
ble. due to the lainlrfll pattern and shallow soils. for sitiall or larg: groups, Ceer thoigh the larger 
In Kan/ara thcrC arC rio iitSt urcCs of shared grotp ultimately Illtusm sustain arid sanctiotn it. 
ox, Ilterltip alltilg tie 16 siample wells. Among 'lus, we htave revised our hypothesis to state 
tire three %illages Karwara has tle highest and that irmets wotul prclcrstitall sources of irriga
mliost dependable rainlall. Its soils are \'ertisols, tiol water such as rurtofff-collection ponds on 
ntostlv Irtediut to sltallo\ except along the small watersheds to be individually owned, 
IaIljo- water courses. ()t tile shallow soils aquif- unless simple rules for the distribution of water 

ers arc generally poor. Itder stirh conditions could be specified, such that interaction and 
there \, ould seem to be less incentive for \well contmutt decision-making armong owners would 
corstructin. One hypotlie'-is in lirte with these be reduced to a ritimirium. 



A study on pigeonpea marketing found that 

Pigenpe Conthe crop iswidely grown and consuned in India, 

and Marketing the world's largest producer (von Oppen 1981; 
listed in "Pqublications"). In the past two decades 

A studV ol' pigeonpea consumption in the six there has been a shift inl pigeonpea production 

VI.S villages revealed that pigeonpea was the 	 from the north of' India to the north-central and 

preferred pulse ( lid inger and Nag 198 1:1 isted in 	 southeri states. About 35"i of the qu'nt ity pro
duced enters priimary \wholesale markets, while"Publications"). For children aged I to 6 years 
65'7 is retained oin the lar1m. Iigeonpea prodtiucpigeonpeas cornprised between 43 and 85 C, of 

their pulse consuiption, tile forner figure ers and consumers respond to price chapges and 

gra in moves over inuch longer distances inrepresenting Kan/aia and the atiter )okuA r. The the 

dietla rv protein supplied b\ plIses in tlhese viI- trade fron primary ma rket!; thain (o coarse 

lages for the 1976-78 period was onlyI l'i(1of* cereals. 

total protein, with i range of 6 to I8e'. Pigeon

pea supplied between 3.4 and 9.7C of the protein 

and between 6.2 and 21.7'7 of the lysine. These Tenancy, C 'op Choice, 
results partially confirm the declining trends in and Input Use 
the inportance of pigeonpea coisulptlion (Ioc
inented in tihe national statistics, which in 1971- A st udy was conducted to determine (1) the 

75 showed that pIulses contributed oniy 22"i of effect of household resou ree endowments otil tile 

of leasing of land, (2) whlether tenantstotal protein, extent 

l.arge i rn l mIlnilies generalIv consumed have a greater preference for relatively more 

risky cropping patterns than owner-operators,greater aminounts of pigeon peas per caput than 

small farin and landless fainlilies and, with the and (3) if sharecroppers use lower input ilntensi

exception of Di)okiur. adults conilsuned more thain ties coinpa red It) owner-operators (Pant. 198 I, 

children. IIowever. in these villages children Fcononmics Prograin progress report 20). 

tend ito he fed mllore pulses reliti\e toceireals than It was found that households with relatively 

is the case \wilh adults( ahble 12). All cereal:pulse more bullocks eilded to lease in more land. This 

ratios are Iiar in excess of those recommended by lends support to earlier conclusions that there is 
for bullockthe National Institute of Nutiition in India, an inpeifectly functioning market 

which encourages ai 3:1 Iatio for \crv votlllg hire services in these SAT Indian villages 

children, 5:1 for women. nd 6:1 tor ien. [hce (Jodhal, 1980, Icononics Prograill progress 

did not appear to be aill' seasollal variation in report 17). 1"romn lhe regression ;inalysis theecoef
mpl' thatpulse consumptiloll. 	 Iicielits oil the bullock vaitle viriable 

al Cxtlri bullock pair valued at Rs 20011)would 

pellli Maht bnagar households to cullivate all 

additional I ha of land ( [able 13). In Sholpur 
Table 12. relative cereal and pulse co nmption by and Akola districts the comparable figure is 
vilhilige aind ag__e grouip. about 3 ha. Since tnmanv households iav be leas

their land because lhe\' do not possess 

V ili, r-,l, (-;nr-I t \liI- adequate dralft aninial labor, it is likely that land 
- -. '. -. , I . . reform measures that provide only land to :le 

I ,,i 

ma v not stl.c.eed anless stipplellenta ry37:1 landless 
LI2. I t - .121 measures to provide inputs such as btullocks areSilr 
151 1t It 7:1 simultaneously introduced. 

I\I li ni Ilt I I :ihl I ouseholds owning mote land lease in rela
91 10:1 l:tively less land wihen we hold other tf;w'tors coi-

K i kll I i t I llin 'htus leasin'g into closer1il stant. land brinlgs 
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Table 13. The effect of resource endowment on tenanti in VI,S illalics inl India: estimated coefficients of the 
regression equation ex phlaiing iet leased-in aera per Ihoimsel, old. 

I HIl' I,'u'nli \ :riIthh~II 

\ .I' d'I' 1:111d It.lo f 

h112 I. 11 - I I I oI - 11."11 1 ns 

A1,h ) _, 12.11' %1) -1h,0 1 17-..I\ 10 - 1'2 1IN 1).!13 
:171" 1 ,-0).21 10,. 

,h. ] umlr,, II I,- r",cnl tl'wt ,,l ill - m im io, I,',,,,1, 

ahignIent tilie househCo ld's endowlnetCIs of land these villages, this argument against tenancy 
aMd labr resotrces. Neither the nurrber of far- may he invalid. It ignores the wide diversity il 
Hf\ wlrkers in aIhousehold nor the composition the terms and conditions in sharecropping con-
Illthe household in termis o, the ratio of depend- tracts that eTsure inltensi\ve use of ilputs by 
culs to \%lrkers \\%is Itttld to ittllterle the extent sharecroppers. [enanlcy also has otlher advaln
of land leasirig in gerneril. tages as menttioned earlier, such as alloWing a 

Analysi ol the deteirmitnts f Crt lpping pat- household to adjust its operated land area to its 
terns shtl\\ed thalt there was nto tendelcy for endowrimenit of draft bullock po\ver ili the con
shaltecroppers to dtete more land to drought- text of imperfectly functioning draft pow\er 
seriSIti\e (risky) crops sUch as paddy. w\heat, markets. 
mill/e. tlr llrildlltlt, sesallitlll, iustarl d, lilnseed. 
clttroll, sttElcilric, arid \eemahles. I he extent of 
I rI tilln il\aIilrhle \\,as the major factor
explrinin tie ,tlatill looking Aheadf these Crops. the 
rclit onsiti p belirg posil' . . 

1,\,trIinati ol iofInput lse differences oil We plal to initiate a study of' the ecolormics of 
shitrcr[,opped and 05\\ner-oper'.tted plots inl the small upland ponds versus traditional lowland 
Sholatptr Ollages re\ealed that there \'sere no paddy tanks in Allisol areas of'South India. The 
Significant dillereries ilr tile use oI seeds. irriga- tiet effects on product ion, profits. employment, 
[lol, itd iMrrC, bit the Ise of Ltibor itriar and equtity of diverting rutoff into the small 
and bullock) ma c iereater on o\\lter-tperitted upland tairks for supplementary irrigation of' 
lands. Ilto\.'.er, lfactors other than tencanlcy. upland crops, instoad of using it for flood irriga
stu'hit, the ov\ nerShij III h1trfloks. the attilabil- tior of paddy. \will be studied. A study of the 
it of lnil lihbta. or the atlocation tlf land to ecosllollfs o alternative sutpplemenztary irriga
drotght-sersiti\te crops. seem to be noic inpllt "- tion decision rtrhs for upland crops, involving 
tallt (lteriCiittlsts tlof irpt-Ise dilferences. choice of crops, tiniing, frequency, arid amounIts 

Since teriarc*\ (alticilrrl\ sharecroppinig) of irrigation will aso be initiated. 
does lot tppear to lead to a less iritetsi'.e urse of We will \work with tile Farming Systems 
illipltS CorirUd to o\lile-oier~ired rll inl Research Prograim oil further Otl-farrin verifica

http:lto\.'.er
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lion and testing otf the technology options for interpretive review of' researcli. Research Bulletin 4. 

deep V\ertisOls in high aid assured rainfall areas Patanchern, A.P.. India: I('RISAT. 

tit' India in the coming years. This will be done in1 RYAN, I.., anld SAR IN. R. 1981. Fcororiics of' 
collaboration with national programs in selected technology options for dCCp Vertisols in the relatively 

pilot prtcts, assured rainfall icgiols o1 the Indian seimilli-aiid trop-
Itirther work ol ' Id. will focus oil ascertaill- ics. Pages 37-58 hi Proceedings of the' Seminar oin 

nillg iarners' perceptions of' tile risk: the, lace. Management of )eep Black Soits for Increased Pro
Irc\iouslv "t: concentrateloilmeasurement of, ductiontf Cereals, Pulses, and )ilseeds. 21 May 1981, 

the extent of risk and of risk attitudes. Risk New I)cthi. IPatanchcru, A.. India: ICRISAT.
 

perceptions are important to tinderstand
 

because tile haIe implications for price policies ,Journal Articles
 
and technology adoption. HARAIt. B.C., IINSWAN&R. II.P., RANA. B.S.,
 

We will anal\ic the levcl. distribution, and 
and RAl, N.(.P. 1981. The use of risk aversion in 

variance of, family anl per Ca.pit incoles usiig plant hiceding: Concept and application. 1tuphyica 
tile laIrge body of accumulated time,,-series and 30(2):45 1-458. 

cross-sectiol data frol the village studies. 
A stud\ of tile ctexnt and causes of' crop fail- IIINSWAN(IFIR, lIP. I98f Attitudes linwards risk: 

tire will be completed usig, otir villae sttidies experilliental icasUteller in rulal India. Aiericall 

d coernc. .Journalo Agricultural Fcoiioiics 62(3):395-40f7 . 

A+ clference oil marketing in tile sciii-arid (IIt)I)AKI, R.I).. and .lllA. I). 1981 P sticidc use 
tropics is being plined, in\ olving the riarkets decisioi, in agriculture: A note. tidian .tnoirnal of 
for inputs as \st-ll as outputs. We ilso hope to Agricultutral [coionic,,36(21:35-44. 

initiate a small iit-scr-rice training program for GIIDAKIK R.. ard RYAN. .G. 1981. Human 

cooists, workiig in nrttiollal igriculturaI labor availability and -inptomntcn in suni-arid tropi
resarch prorasll in the SAI. Cal India. Indian tolurial ol Aliiciltiual Fcollomlics 

36(4f:3 1-38. 

(II0OIAKI:, R.I)., RYAN, .I.Gi. and SARIN, R. 

1981. Ifuimnn labor use xsih existing anf prospective 

: ubliCation s techilloges ill tine senni-arid tlopics of south India. 
.011,nA of )nelopiiin tudie,, 1811M :25-4f6. 

Institute Publications 	 .10))IIA, N.S. 198i0. IntCitcropping in traditionral 
farllilng sicliics..hollilal ot nc' loplnel ilStudies1I1N S\VA NG(F R,. IIP.anrd HlA RA11, I1.(U. 	 1(4):4 27-44 2. 

198ff. Risk ,.er,,iorn anid genot 'rpeselection ('oncep
tual issues and approiuaches. Research Bulletin 3. lt)I IA. N.S. I1SO. I he pr'ess (f desertificatiorn 
Paralrichlru,. P. India: ICRISA I. and the choice of inientillnts. cololillic and Politi

cal Week\ 1532f:1351-1356. 
BINSWANIlIR. I.1), VIRMANt. S.M., anid 
KAMPIN. .t. 19801. iarming sstcirs components .I)I)hIA. N.S. 1981. Iarriling 5\stcrris approach to 

for selected arleas il India: Is ideuce froll ICR ISA[ . agricullttrral research: Art iniotdCory lote. Crops 
Reseaich Iilletin 2. Palanchern. A.P., India: Research ilulltin (I anania) 1I :27-31. 

I('RI SA I. .1)I)IIA. N.S. 198 t. Role ofcredit il flarners,'adjust-

I(RISAI. 1981. Yield gap analysis: report of tIhe nen against risk in arid aid scrti-arid tropical areas 
AICRIPI)A-ICRMISAI \orkig group incing, of India. [ciolnllllic arid Political Weekly 16(42
P'atanchieru. AT "l.India: I('RISI\I. 	 43):1690 -1701). 

NORMAN, I).W.. NEWMAN. M.I).. and 0111l)- MIURI Y, (iX...N.. aid MIURIY. K.N. 1980. On a 

RAl(i(. I. 1981. Ilarin and village production sys- rioni-tinear dCmland sstell. Indian Econolic Journal 
teis inl the selni-arid tropics of' \Vest Africa: ill 27(3):118-124. 
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INTERNATIONAL COOPERATION
 

Our O l erati\e program in ,\ rica entered a S";AT) and the Government of Niger for the 
nlew phase in the period covCrCd bv this Annual establishrment of tile Center. With the full sup-
RIeport (.11tune 19"0-1 )CC 198l )wit Il 'ull ackno\ I- port of the iovernment of' Niger a 500-ha site 
edgement ol the ling-term commitmenlit was located and demarcated and preliminary 
rqitCIiid to ensure continuity inl agricltural soil. \Cgetrtiotn. aMd wa tefr survCVs were carried 
rescarch 1) Creation of seeral new Core posi- Out. National organi/ations, including the 
tiols inl Africa. Ill the 198(0 financial year, lour National Agricultual WCsCarCh Institute of 
core poitions \"erecrated anti the position of' Niger (INRAN), the Food and AgricuIture 
secotld Cconoimlist sas tilled. In 1981. another ()rgani/atioll (AO). and tie International 
Itlr core posit oitls \wele created and tile posi- livestock ('enter for Africa (II[CA), assisted in 
tions ol millet pathologist and agrotolist were the preliminary work. Stalfcoie positions at the 

led. enter were filled begitnning in tile middle of tile 
('osidelrahle progrc ,.,was made with plans to year. aid a preliminary prograi of resea rch was 

Ctablish an I SIAI SahTelian ('enter at initiated. mainly oil the millet crop. 
Sador, niar Niamy. inl Niger. n\nagreement Phase II of' the tJNl)l .rInded special pro.iect 
\\;I" signlled hetween (oit ehal of' ICRI- on irImproveernt olfthesorghlimand m1tilletcropst NHll e 

-., -++ +
 

r 

(4T i~
 

uig/n crm' l .iI"r . . ,~~; /ire £ti ( a .h i o (1.S-3541, IS-.)2, tu l 1I.35-I) with god adalitaii n d high iel 
powtmtil i h,h t'l it,( il srghutm I'lrcediltgiprogtra,1 ill .. lri~a. 
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was completed in October after I review of the .litlne when tile rains begin in nmost ol the coun
programin. Phase III was initiated in November tries being reported. The dry season (ofsL'ason) 

1981 with I small reuCLItCion in tile complement begins after the riains hav ceased. 

of scientists the cereal entomology position in 

Senegal and tile cereal pathology positions in Up er Volta 
Nigeria ainl ipper Volta phiased out. All P Vwere 

I'otr positions tinder the (Orgilniittion 1*0r Alri- ()il" reseirch teii located at Kaiboinse ill 

can ljnity Semi- \rid Iood Grail Research alnd IUppCr" Volt; intensihied its Cllorts on Sorgimllll 

I)evelopment (011A S.AF(RAl)) project were and peaIrl millet improvement in tile 1980 grow

filled, and work continued on .irige under an ing season. Al ilportalnIt step Iorward was the 

agreement with the International )eelopment multiplication ofl F-35-1. ia ctltiuar introduced 

Research Centre (II)RC). and tested by our sorghlm breeding program. by 

A newv initiative was taken mith the appoint- the tUpper \,oil seed multiplicattion service for 

meit ol it socioainthropologist to assist the teal extensive testing in '8 I. 
at Kamboinse ill ipper Volta tnder ill agree

ineut with II)RC tot strengthening tie input itinto Sorghum Breeding 
the econon ics l with particulla r refCerprograin, \. 
eCnce to soit'ClOeconomiC cotilstraints to0 iadoption A malijol" foclus of our sorghmtlll breeding Cffort in 

of new technology. In earlv' 1980. the I'RI.SAT ippei" Volta has been tostudythe potcnliialsind 

Stloghuticobrder located in Ian"aiiaia under ii limitations of, locilly-adapted lines and the titil
sulbcoltract with the Intclnationll Institute of itv oltintrodticed improved lines under local con

lropical Agrictlture US Agency lot Interna
tionlal I)cclopcnt (lIIA I..\ll))returncd ito 

ICR ISAI ('enter. hut continued ito assist with 
consultanc:\y visits. I he I SAI )-ftuded Nali T v ','-

prtOgr nIIm rvicC\\c pplrod for cl ti- , "+1. .'aS and 
-nititiot of funding. K " 

Ilhe it-house revie\ of, the Africall Plrogramll 
was held tt I)ikair 1'rom 20 to 28 Fchru rra 1981. .,. y' i q 

()iur stall pitrticipated in the \nn atil (At;
 

S.AI"'IRAI) Workshop held at iahorone., otis- X oft
 

\vaVi , trout 16 to 20t N1;arch 1981. +' ' 

We were extreuelv ,orrv to lose ('laude ('ha r

reill \who returned to (RS lOIM IRA Ilin lite T 

1981. lIe had hCel the Regionil (oordlinator for 

ICR ISAI 's West Africin+IrOgiin On lCputaI

tion frot0R S I() NI IRA I since .1ulv 1975 and 1A 

had contributed imuntta"Lrablv to the de\clop
licelt adI iltlictiolning ofl the I(R ISM' flll\\, A ?'
 

in West Alrica. We acknoMc'.ledge the continuing 
support accorded by ORSIONI I RAI . 

Iecause of (iltcrent cropping periou, ;,nd theI 

riced lotr aldotitilon l time Ifor resiyarch anll'sis 

il lot- cl t llntiun 'itionsand other conlstraitts 
n Scientists the A.fricain countries, thetoill in 
otlowing rcport co Cs tI': crol yea r litine 1980. 

tglml./ leave muchI 
stitutes a single growing season sl;!rting around room lr inmproven'fnt. 
throtugh ia v 198 I. The crop year ill Ahricil con- The,, tall, low-.ieldiYt I a] .%a t 
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ditiions of soil, ra infIallI, aid soime degree of selected local and elite exotic cultivars alt!t made
improved inanagement. The program's clipha- 369 new crosses between photosensitive lines.
sis has so t r bccn on pure-line varieties. We aliso crossed individual F, and Fl-guncration

lii much of' Uppcr Volta the 1980 growing progeny or crosses between F-35-1 and photo
.'ISia
o\'aS Marked by two periods of'seanti rain- sensitive loca ls.Nine Iackcrosscs were made
till, one starting around ilid-.Iturc and lasting as the recurrentwith [-35-1 parcnt,with a view
Icarly a moth soit 11'e the otherin m aes, a1nd to eliminate its drawbacks olf'poorgermination,
bcinnilg after 10 September. the date of' last insatistact(iry seedling establishment, and poor
effective rain at Kamboinsc. Thouglgh this situa- lhcad cxertion under drought conditions.
 
tion was orable t'('r tilrIners ail (tevastatcd
unLfaV1 .

our Ulsoillc of ei'r tatiOll trials, it gavC us a Trials and nurseries. Scvcral international 
good opporttmily to Screen cxper'.cniital aid trials wcre grown at Kanrboinse in 1980:
a.1(l:vaiced m1i tcrial for natural drought From the 10-entry 1980 Semi-Arid Food 
tolerance. (rains Rescarch I'orAgricultural l)cvlopmcnt
Irom 776 local soirgltiuctlti\atrsftin Upper (SAFG RAI)) trial of medium- alnd short-

Volta, Niger, Mali, il]Scnegal, which we duration sorgliuni. ('151-186 and Sli-722/:67/2
screened ill1979 Ior agrolornic appca ralice, a'tmbeinrg multiplied for possible iliusion in tle 
ield potential. and resistaince to disease arid 1981 nlditin-duration yield trials.

insects. \seselected 1.1 lor iiclsion in tm o repli- P~rcliminary Sorghtml Yield 'rial- I (1PSYT'-I
cat.d yield trials ill 1980: a long-dturltiol yield consisted of 20 entrics, mostly of'short duration,
iri)(cultivars flowring in aI1) days) and including six hbrids. No significant difference 
mcdiuli(l-du taill ,yield ti.l(cill isl flo\cri was'ilg observed between hybrids arid pure-line
in less than I10(1tlt.*s). In the long-duratiol yield entries, or between the check, F-35-1. and any
trial. Fada 7. adatl ,.ad Niger|2573 perforrlied other critrv. 
better than tire Kaimboiisc local in terms of' lhc I'.,crlational Sorghuma Prclimiiary
\'ield. Some sections of the nnctlilln-Il-d Iration Ilybrid Irial (IS II) consisted of 23 cxpcri
\ichl trial plos hld been located oildrought- Menital hybrids dcclopcd at ICRISAT Center 
prone soil aind \\crleaftfected b\ydro right. There- and checks.two Though the trial was slightlyfore. onrly aerorroriic clCharacteristics such as days af'fectcd by drought, all plots were harvested and
to flseirieg arid height. and taste acceptance Yield data were analy/ed. No significant difTer
\wCrc recordCd, cnCC \w Is I'ound between [-35-1 (tile pure-line

Ii 1980. 232 rtestel cultiursa'1,in our carlier check) and an hybrid.
collections from West Africa %\\crcplanted in A trial of 73 entries selected Irom the 1979
single ro \, noirreplicateld plots. alnd 53 \werc Sorgliul Hlite P'rogerny Observation Nursery
sCI tedILrIfrhCr testing. In idditit wl soCwed (Sl'()N) aind tile Sorghum Preliminary Ilybrid
•42 .itrics seleclted Iiom the 776 cultivlrs Niirsery (S,;IlNI\.ere completcly \,evstated by
crected ill1979 for' their resistatce to the dr(1otght.

sorghtm riilgc ("'mturitiru,thi'ord. The most ie tot) sorghum lines frri'i-each of thC two 
promisilng lines agailist midge were Fada 8). International Sor-ghtl P'reliminary Yield 'rials\\ith lon gluics thalt secmed totinhibit (iviposi- ( ISl)r-I. -2) gro\v'iiat Karrrboinsc in 1979 wcre 
titn. aril [ada i anrid 119 with \ry doense pani- repeated in unreplicatcd trials in 198(0. )rought 
ces that sccmed to be less atlltractivc to insect severely dlaima+rged the trials, but A-3631 arid A

pests. 3680 appeared to be more resistant to stressIl tihe seglreatill ! g rCllrrations of \lii()us tlhioughot ilte seasoln and are being iultiplied
Crosses lIllidc in 1979 arid earlier, 787 pamnicles for possible inclusion in the 198 1short-duration
 
\kcre sclctel from tile"- geneions for eve- \ield trial.
 
Illation ill1981. 
 A sorghuil observation nursery of 466 culti-

Ii 1980, \\cgrc\ 1301 :sl'romcm'(isbc\e n vars and experimental lines. consisting of' all 
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array of AdCanCd breeding materials. disease- Uipper Volta for the third consecutive year at 
resistant crosses, and segregating hie, was locations throughout its 1one of4 adaplation 
planted late (oil 20 .Jul) and was dc,stlted hV (600-850 mm rainfall). A well supervised set of 
drought. Yet, three varieties (SlV-43, S,'V-I02. trials in the village of Kamboinse had , mean 
and SPV-156) and )lie ,,ria-tlerant experi- yield of 2165 kg ha tlllder good maLigemXlent 
mental line (S,;V-lO..i !I-I) were harvested for conditions. The trials of F-35-1 conducted in 
further obser\atiOn. cooperation with OR I)included locations at or 

\Vc selt three incdti!., and shol-durat ioll beyonld the extrellcs ol'the adaptatioll/Olie nd 
ari tics. [-35-I. SI ,5. VS-702. to ( )r a- less [lie u erall .ield for's'- tile were well supervised. 

lismc Regional do: I)\elppcieint (ORI)) fto these trials \sas 1025'.g ha. and tlat obtained in 
' on-"arm testing. Restlts for F-35-1. a uCeditun- 198(0 sho\ed clearl the effect of planting date 

duritioll \,ariety. x\crc returned ruin Kali- on yield: ields \were significantly lower in fields 
boine. Ouagadugou. Koudougou. Ka,a. and plated aher 30 .Jiune, 

"ada-N'(iotirina. but trials of Sl)\ -35 elruo\ll he advanced yield trial and a trial of tillering 
ite'ar Oiiahigtui'a nd VS-702 grion north of liles failed at Kallmoinse. but will be repeated. 
[ada-N'(iotirna failed because the itis ceased Ilowev., excellent fleditm-dtirati o liles were 
very eairlv selected from the intermediate trial. the grain 

\We collictcd un-farm trials tfF-35-1 in mold resistance trial. the SAIH(;RAl) trial, and 

" ' t" ' ' i1 ' 

I 9 )Z sp i X ) A.,4) 

'ai
 

0 1 

Ewa I 

M1'e crop ill 11i/nh r -j r(m d i,% 0 1 v hliig, cit/it ( I: 5- )ill In Ouceid/fim / ( 1? Sf F that1 ill ii1thba urt 'u d i.% 

wi1(//httl sorgh/idfln. 
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PSY'-2. Some of these lines will be transferred 1980. Other major foliar pathogens of sorghun 
to the ad vanced trial next year. were at insignificant levels, as evidenced by the 

In o)ir work on short-duirat ion sorgh urms, the lack of symptoms on susceptible checks. Sixteen 
1980 season again dCIIIOst'atCd the- ;,ced for entries appeared resistant to sooty stripe. 
sorgliuii varieties that can be pla nited in.) ulyand 
produce a good yield it()ctober. (hircoal rot. lin1980 we planted the Interna

tional Sorghumu Charcoal Rot Nursery(ISClRN) 
at Karnboinse and at Same (Mali) to identify

Sorghtn Pathology resistance sources. At Kamboinse entries were 
0lur sorghiinl pithologist il Upper Volta also assessed Ir lodging, soft stalks, and number of 
covered Mali. nodes crossed by charcoal rot infections: four 

entries were found to be free of disease. [low-
Grain molds. In tile 19X') growing seatson field ever. in the a bsence of uniform infection pres
testinL' was continued at Farako-1ia, where sure. the trial will be repeated. 
observations w:ve made oin three triils. [he 
Internatioil .,,hulm Grain Mold Nursery Pearl Millet Breeding 
(IS(NIN) id the Sorghum F lite Progeny 
()hscrvation Nursery (SI IT()N) were also lithe 1980 season. w, evahI irated several trials at 
assessed this year. I".progene . Iml 29 crosses Kantmholise, (oroml-(oromn, Farako-13i5, aind on 
hctvmeetl grain mold resistant and West Africanr farmers' fields. 
ads tlnced adapted \ tested for A set of logolese lines, 63 entries from NigemvfatCriarls .cre 
grain iuhild resistanc. ria, 27 I'rom Mall. representative West African 

I he IS(i NiN eo:niprisCd 28 ent ries. to %\xhich lines obtained from an r)IS'I1OM FAC coffee
\',added I'promisine entries retained Irml the tion. adi( 18 IM IPS lines weue evaluated at Kam
corlrcsp)trdinL trill ill1979. I tree criteriUi \were hoinse: 48 lines were selected for further 
used for superior reaction to crairt nolds: field evaluation. [lie logolese lines showed good 
hcad mold rating helo\, 3 on 1-5 scale; threshed *icld and disease resistance. Another 343 lines in 
"rai,, less than tl 10' ctedtl h 111ld: Zind for a (errnplasrn Ivaluation Trial from ICRISAT 
the set of 28 entries. threshed grainsridgeifd is (enter \\ere evaluated at Kariboinse and 
beitLg a miong the top I0 ill apper rance. )ntile 
hais ofl sitisl\ing s ottl tihe r r[cc criteria. 16 
entcries \\Clc considerd "atisfactor . 

Similar obhs, \itiors \.erc rttiufe illthe 39
errtry SI ()N. stipplemtend by 38 prorising 
t rittre talined Iill i r t\ ours sciltlls test
ui . inld 12 cr11tri's \,,r\ iducd s tisfacttorv. hlii " ' : / 

,,irsst+,titls itfdillut (if ISrritstll PeltOriltatct: 
X272. N-r(t(,5. and N- ,125 since IL)77 \5is iot-" 

w,,rtlth. I\%o c itries iCStCd IOr tire first tiri1C in 

11,80. %I-Q0737 aid( \I-9O)11883. xxetc iigroritii nk'l-*calk ,rperrir. is \%a,, NI-64018(t. \ich \its first 
,cuciCCf ii 1979 .97 / 
.oliar diseases. We ha .eober\ cd coilsisteitl\ lit 

hig I itnlectit i presIsre of soot \ stripc diisease at An ICRI/r millt ireeder e.\amin .sa iocal pearl 
ocr
('1rt/a na (I lli) sexe ral Yea ris. I licrefore \ve milth lint c'haractri:ed rgoodhead and grain size, 

ch)se this site for tie assessment (d1the 30-cntry hti,htilering ability, and.fr'edom./i'olt disease. Ti7' 
Inttcrliationlal Sorghumi leaf I )iscause Nursery iii line a. r'rli'rted in Upper I'lta. 
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their grain vields ranged from 1800 to 261)0 

Sk()it sor'k on retIrreCilt selCCtiOil ii CnIpositc 

,__," 1Illttin.s contin led. h r the Fx-horlinu popnt-

A ll ree.omlhin[liti6oii beCt kseei selected lines andltoil. 
testlig 1)1 till-sib pr~ogelites \Ua eallrned fiirsurd. 

[' ':' I the 198( crop scason the IK proge"'III Ce\lC-2 
fnies, IIK cclc-I progenies, and i lcal \aritv 

"'L K check \'crc combined in a tritl at Kamboinse. 

*Aif Grinields sCere\\ ien'-ifieantls diffecrent, and the 
' topt I t i \.re I 

*I,;Z7 

all 	 Imllboth Cvelc-I andankill 

II.I 	 al csclc-2 popnulations. lihe leaditng lines, FI'KC 

linO'.i"mmMah 2-77 and IBK C 2-47. ,cre tree oflto, .mild,'ew'242. aS'wnatparInilhiitrnqiphjs 


li(h0 ha.bhigh I)t'flIiamliJ)* UAV inhrv'cditn and ergot hbt .re slightly afflcted hys iln t. Ihe
work in hu 

t1c.. .Slwlm1 ti (t /he ican yields of c\clc-I and cycle-2.l/Hica. l,'inl, in)1 .%'wi(ti.%t.% overall IBK 
Ihamtoiume Stalttil. prgultics \\crc 960 illd 871 kg hal. respectively. 

Six sets of i d\+iced-gencratiotn lines frotn 

croses Obtained Irom I( RI S.\I Center and 
lIarako-Ii. lie gcrtnplaSill set heing fiterse. those tmade at Kaniboinse \,erc evaluated irI 

mutch ,arition \\ats osetcd in days to flo\cr- separate trials at Kamboinse it 1980. Most of the 

ing. thayleigth selnsitisit\. plaint height. tillering I., scrc ttacked by ergot and s11mut. vet 23lilies m 
and car characteristics. Ifntrv I) 242, a SOlMil proising plan.lts \.'l eted from out sets of 
type, \,,Usmost promising for sC\ct:Il iutrolnolic populations From(th(' F matcrials 19) lgm
clharctersestotn icalh so perieor plaints frec from disclscs 

Of 12 S\thictics tnd () expCrinltal \arictics \,Ct-c Selected..,\riother IX (liscase-lrccavroiitn
and composites tcsted in t trial at Kaiboinse imall3'\Superior plant \\Cre liitrc t from V(*I : . 
and (iloroni-(irom, ()nlvIlBK 79. (a recomt- Frl. -gcnieration material developed at Kam
hinld mixturc Of IisC tolp from hoinsC and that rccci\cl Iron ICR ISAT (eiterlItues l\-Ilolrit 
eomposites) appeared saltishactors. [lie trial at (l-and I.progenies and ohSCrs ation lines from 
(iroml- rioom \.Sagainltttick dh bhhirds. asit 5itiS L'I'SoSCS) \uas Also e.aluted at Kall
mattired abot 3 wceks carlier thin the local hoiisc anl selections \\crc tiade. 
,arict\, It ssrc innnlusi\C. I he I lie cxpcriiinctill maitcrial Cuiltiuitcd fotthc rCult, crgot 
ditul on s es nd disecase rit ic lthcenti icsit rcsistancC 11 1981) cnsisted of selections from 
Kiniboiinsc ftr the 197) and 198( seasons e\'st African germlilasii and from o[ur )iCsioums 

sho%,cd that Snthtics Nos. 1) antd 46 \crc s\CifscutrI0S cs. Sc\cn West ,,\fricaI lies had lo\ 
umlnong the top \ilcrs in both s'cars. ergot sccity. A totuil of 41 I' antd 47 1I plnts 

Isv\o rmltihocational triuis from IC'ISAI \ itl less Itahn 5( crgot \\crc selected ft)ill va.
('Ceter. Pearl NI illet S\Ilnthctics !ril ( I)\1S I iols croses or furthe ulIaC\tlaIion. I)'vis to Ihow-I I 

and PIrl MilletI Initiujl S\ nthetics I ritl cring and crgot scsertv Ceore did tint Correlate, 

(IM ISI). \scrc crvsii at Kuimhoinsc. [lic succstine thut Selection tor rcluti\clv curlv

ctitrics shossd cuil, IhI , possible.lscriine, ligh tillerine. mtturinH resistant liie,, lin\ be 
s\nclhronous muituirit,,. and hcads \fith tin cruot [lie 1980 Pcutl Millet African Regiotnil I rial 
infection. (ir-uii \iclds tfSc\cral entries \Ne.c. ()N A1 F)consistcd of 25 entries contribtited by 
high but not signilicantl difelrtcit at 51' I el ,aitius West AIrici Cooperltiie 'rograills 
bCcausC Of niici soil hIcteCrngnci tx in thccxpCri- and IlR ISA ('Center for cailiuiti(in acoss loca
mentil block. [or fisc of the entries in IIMIS I, tiois. At Kinihoinse the tritl pecrfomrlned \cry 

disease sei)rcs seV, fill loii all tilrcc untor dis- poorly, possibly (file to deliyed plantilig (IlO 
eaiscs d(i\,n\ Ilildew, etrgt. aind sinlt1, and fill\). lic Nigeriin coillposites,. W(-75. and 
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('IVl' II ha less than 20"i ergot, and N1II and cooperation with the ICRISAI team in Mali to 
Kamboinse local escaped ergot. Other entries include germplasmn Iaterial of Malian origin 
had ergot severities exceeding 301. Scores on and an additional screening site at Ilaramandoln
down\ mildew infection in the sick plot showed gou (Millean annual raintall 750 mm). In 1980. 12 
that sevcral of the entries had resistance c\cn lines were selected witll ,cro or very low downy 
with late sowing. lhe pCrforianlice of' subset mildcw score from among 375 Malian millets 
entries sovn ol 25 ltune was relativelv better: tested at So t ba ( 1a ma ko) an d at 
howver, a \Cry high oefficient of'variatitio for BarallmanidoluolU. 
grain yield was obtained doe to soil hctcroge- In 1980, for the 5th year of testing in a sick plot 
ncitv aid snsitivitl\ Of sc\cralentries tol(rtOght at Kamboinse. f'our "x-llornu type millet lines 
c nditioits. (larticularlv 700651) again showed low downy 

We also conducted 14 onl-lalm trials of lx- mildew infilection levels. 
orntuU (originall) itftur \illagCs close to ( ),agai- )f16 agronomically good gernplasn entries 

dulugoll. Yields reported from six trials rantged of logolese origin tested for downy mildew rcac
rtoi50f) to 1400 kg ha. Planting date is critical tion at Kaimboinse. four were fre of, inffection. 

aiid to nminitmli,'c the risk of' ptlletn \ash and bird In the 1980 International Icarl Millet I)owny 
attack. \\c concluded that I.x-Iolrtt-i and sinillr Mildc\ Nursery (IPMI)M N). five out of 45 
entries should he planted ill the firsl fortnight of' experimental entries developed no s Iptois lt 

ll. I deterinling the most suitable date tor i Kainboinse. The local check, Kapclega, had an 
pllariculi plot with\in1 this rngitL thecffcct olsoil infectioti index of 31 'i.In the International 
eontlitions CSp.citllll\ :isdetermiied hy tollOse- Pearl Millet Adlptaltioln Trial (IIMAT), four 
&UClnc) oi Jlo\crnmne iICeds to he ctisidred., entries had an infection index of /cio. 

A Ptclintilulrt test vui. cottducteid in 198f to Fperiniuts hli1980 indicated that the likeli
assess the qualit. of Fx-llornlu. at Iogolcse line, hlood of yield increase following seed treatment 
aind a local \ilet\ urokkln in the sicinit\ of Kam- with Ridomil was small. In regions where infre
hoitlse. I he ordl'r of accepltahilitv \%as local. Fx- tltcl rains hamper loospore prcad. the use of 
iotollm. and the Iolollcs_ l1,tc. Ridom1il tight r'duce. infection in susceptible 

materials by the elimination of within-crop 
Peat rl Millet Patihology pritnar'. foci. 

Increased~icttlitin \as gi\ei lo the invstiga-
In 1980(our research eforls ol pearl millc dis- liton of hiological speciali/ation i.Sch'roy7or 
itses in I']plci Violit progressed from itnit ill 1,1u11ll(,Oh. in smupport of' ongoing rescalrch at 
II'IirICill ,,cucrttitng 101r rcsisttllic susceptibilit\ IWRISAT {Center atd the [ini\ersityoflRcading, 

to loiger terlliutptccisailield itincsiiatin tile 1.K. 
,lthilit\ 0f resitMtmce amid tile possible use lof 

clImitical seed lrciliit itsa uit'trol rlicsuIrC. Irgo,. An artificial itnculation method for 
MlOc,funtifaitMCtltill studies VeTe etiel Otll t stneeiig rtltlt iesistatncc was perfected duir
the inhlcitaiinicC 01fdiseasC nesistainCC itl tihe host ing tilereprt period. Using this method, we 
aid biological spci.i/iatilom illtileIl)atholpeu. sClecied selections \ith low susceptihility from 

four llorces: ( I) West Alrictiin grmnplilili, (2) Fi 
I)Oin iild, ()lligoin ill progenies .,s mi\ol\iig known low,. ICgSCIr'Cseuh1ics tofcros 
dhiscm, comirol h% c.1\ iltiooti of cictic host- susceptiblc e (c.g..S( l. SC2. aid SC 3), 
plail reishintee ;11 h,, heiCticil scc Ircilltit (3) I,piogenics of West Africa n i,,iatlials 
Mietlhods. iumilAmr sa.iles v,,ticolllcted ftl- knoi to possss rtediced stusceptibility, and (4) 
dies Of biologicall pcciali//itin itt the C';itll I iterniationl Pearl Millet ingot Nirsey\ 

' .
pit t11g n (IPM I[N). Iron mill Itnr s)turccs, 293 hliads with 
A '!tlgmal) itdcc'lop local "oulces (f resist- less ihai 5( ergoti infectiotn were selected for 

incc 'Alsintitated in 1978 aid sis exp tiolle(id itt ll le testing. 
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PIear milih' o ! t 11 -atdt,,<t.he ads IIC ,th ' il/ I 

OI6I 
/1w'(im1il/rh u rit ,,rnctisc, results il yield 
lossesc, exeeeircct thos rrclu,< h\hr n\ tmildC\. 

I lie diseae occur more Ir'qucntl.v t the uotIll 
of the (00(-I1irr1 isole\C. 

I he Internatiu;l Pearl NIillct Sitit Ntrr\ 

IISNI, eorisitiru nI 32 ctrlie', Mn 2 chCks 

\%,t,, N()s\kt at Iir.ilhc\. ScIlceal. Icf Cntries hald 

IC than 2'( ot their hCd uirtc inle ted h\ 

Slillt. Infecti on caleld 1h\ po i'ritm 

si1Irit. 

Sorghum and Pearl Millet Entomology 

Our eiroirrnrlogis.t ill 'ppr \'olta also citered 

Niger and Nigeria. 
Il I980(. pest Incidence on sortliiiti anid millet 

\WS gCOgrilphicull. maipped, and the disrihu-

tion and relative importance ol the major insect
pest species were determined. Studies on 
population fluctuations werc initiated on 
sorghuml and millet at Kamboinse and Farako

3fi, and inl'ormtiim l obtainedwas ol seasonal 
ahundance anid freqtuencies (if' pest species. 
S.'<orghum and mlillet \verc extensively sampled in 

farmers' ields in Upper Volta, Niger. and North
ern Nigeria to assess the relative importance of 
various insect pests. 

Sorghum shoot fly. lhe predonituarnt shoot lv 
species on sor-ghtmni ill ipper \oltl \\as . Ihe'ri,
Md(I AOCC(Iu (Rond.). though IRAT entomolo
gists ha\C rcpotrtCd O\C r 17 .. Uu'rigo species ill 
fish neal traps at FaIriko-I3fi. Although ith eest 

occuirretl mainl ill the south and central recgions 
of IUppcr \'olta. it Causel little o\rll tlamage. 

.A11hcrilfI,Spp had littleCcoumuic Inpact ill the 

llothleru Silhliall aid astern Cius.l 

Sorghum midge. I)istribliouo umide. (Con

wrilia .Sorgi,/ohi Correspornded to all;out 700 
[fill) isoliCt. lihe alult \\as lond olk rip to 

13I1N. (otlmar\ it local ltiner,," claim, we did 

riot "hseiv\c this 1)c,,t ait I)uar)h igon\ai. Koi iLoutiti.
 
~''oior- Ka'. Ihe hihest ijlesiatilu \,Cc ohcred
 

N'( ,onia and Ilirho I )ioulasso ltl( .
100 
Reco ( (X' . l.algavc (195' 1. Icitkod ogo 175'), 

( Koridotwgr 

planted and latc-utaniiriic 5 Wrieties \\Cre tusually 

the \korst allectcd. Il the Ilalltore area. irdge 

inlestatiori N\as extrcnicl\ lio\. apparently 
hecaliC ot late fhovferitic. 

lIi/aega (90'I). ait! (751 (). late-

Stem hurrers. I hesw are the moest k\sdcl\ distrih

filred arid potCItiallr ditilagrtutg iests oil Sorghri 
arid millet ill Ilipet Volta. Nicr. and Nigcril. 

I heir listrihrtiorr i, closCl\ rclated to raith ll. Ill 
the 11icr rcgioris. there i, ICetiouCboth in tiedt 
Irihleolbtl" of pest 'spcies a idst serts nit ltacki ll 

tie crop".
)rr vonuc plants of Soriria Ill ard localsisn 

lttdillmirei ttre,,. thI ovcrall hn re darmavc 

ctisn by ..Icima i' '/tri/ ssrrllot 2ltlret. No 

Clear rela\tionship+sa, estahlishcrd hetr plafnt

ig ItC. hOlCr irlilestatioi. arid lie prnoductin. 

I\\Clvc 11.011iiiri iillet erItri>,S 1rori the ILx
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13orun lull-sib (1:I31-'S) selections and six other Millet earheai caterpillar. Adult populations 
varie'tieS \er, teste.'d acaiist .. Cli,'o1w inlestation of' Rag/tuu were nonitored at the larna experi
at Kauboirse,. lhtuh stelil and internode nlmit station at iaradi. Niger. using a battery
inlestaitions \\c' e hich iII all chilies, grin Yield opratcd light trap. The first adult was captured 
diffe:reCnces did nt relcCt the lC\cl of bore:r on i7 flul\- and two distinct population peaks 
dimage. were observed. Only onte generation of' Rag'liva 

At Samatn. 187 untvies in the sorghtm leafd ill produced annually. 
spot c\aluatiot trial and 35 pro)mising soumhln WI.g/tu' a/hipilute''lla occurs withinr the 
linies s ilies- ones\crc scorCd Ior borr dillIaC. 1o'Cl southern Salhel and the Sudan bioclirnatic 
tation \,,as catued b\ /u..wolu lima. and all bets'een latitudes 12 and 151N where rainf'all is 
entrics in both trials '\\.crc highly susceptible, usually between 400 and 700 nit. In Nigeria, 

,StCln boCr nr\cs\ \\crC carrie.'d out Il I pper Rughuva inlestation was obser\ed ;.as far south 
Vot lldt Nigcria ill I9,(). Ii. lim(e and A.I m+,;- Is M Uaramara ()1 km south of Kano) and as far 
/Mial/s \kcrc th,' mote iniportamll species., I\o north as Niger. It extends \,Cst fromn zinder to 
Ie"', common1101 p', 1/1,11111 NiamteY Niger into andpCies. At((/hrilld and in aind )ri (iorolt
.S',mieu O/Uhmitli,. \'crc fmmitld bchi'\\ latitude (orilmn il ipper \olta. Infestation ill Upper 
12"N ill I'MpCr Volta ald tortlicrn Nigeria. [lic Vta mainly occurs in the north. IloweVer. two 
oCrail pctcentaiee11r0,Muittof stenis imilctCd ill isolated inlestalions \\ere ioser\ed ti Koudo 

pp Volta Aa\\istcliti\Cl" l'\\: borer llestitioi m goui and I enkod ogo. No infcstaton was 
olt millct \ar, tar iiecr amd mOr CXtcnsi\. obser\ed beictii ()tagadougou and Kaya in 

.\notih,'r boie sp.ciCs. (/ii/o di/IiSilie. .AIs I pper Volta. 
ilo tutld o l (,ILrhiiuni aid millet i l pper In 1980 \\C planted the Pcitrl M illet Africar, 
\Olt I ilr\ae \\crC cco\Cretd in the nonth Regional Ii al ( PMAI ,I) consisting of 25 
(xclidine the Sibel . cc[Ital. diid SOuthernC ct- ries al Mariadi. [lie lvcel of Rag/iva infesti
iTi, iln .\u'tt mid Sptmbt tion \\ias ncuatielv cortrelated \\ith the number 

I iiC, II PLetl Millet AIicatl RLeciol eloftlss to iiatimhit\: e;.irlv-inmiatrinc sarieties 
I rli, I'NI \ lRI IO'A Im t Kanloinsc and lhwr\cr in less than 6(ldi\, 'Acre lore suscept
( tlltl-(Mlo1ti \\C isoI )b',i\Cd for ,Ihi,O,'d ile, to inlcstation than those \ith lotcr ic hrotl 
uletto...\t (itllm-(il. boiel infestation cClcs. Ihi lo, le\cl of head infestation in Solnma 

\W, \e.\ (,, Mid stlui'cTs \\S'L. itieliileh...t Ill. NII, and the hical \arieties \,itlh longer 
Kaiotlnhtis'hO lcal \at ILt and I( 'NIS 7N1)3 had tross ii e\clcs Ima\ be attribttcd to pest evasioi. 
Is\ SI',Lte hi'i,lit\ tt 1<I1,011 1 lllestatio l: all (omt s oil the Nigciali com posites IIKIP and 
t itct CIitiC \%CtC hlil , ,i t tilI. CI \l II ituli ale po"sille cxistecte of true \r e

,(onlllt' \\'rl' takcnion ials tha \\ere iic- till ICsistiltt. Iucre is liel(] ft a more conceit
ilill[\ teitie (or U I'hiciot tit.i. I tlimno- trated search lot -C.istillicc. 

lo clI reslits tilil it !Iil tit loTp otltilloll at 
.itop eIiduCtiL'Illtt itlld pios, lg datc .t Spittle hig. l Il ppIr \'oVlla. \we found ,,'two 
Kat,,I tue- s .', , :2 isI ,It SOil \iia- specice ol spiltlc ,uu tim sotghumi and millet. 
h,il bt.et ci lots,., ,tid ,.e' c i ro tisht , rs ill A wpl' 'ifl .s tt ia/i' .l1 I'. .,iw'' ilt\. the f'orltll+ 

titllber. Ne'\et lhi..'l,++,+ It I thCIr\.d biuiIg predoml I '\Ao tleiitsll" ofh thll illlt. ci L'. com
lIcit,, u ,'tstiotiM \%i, ICY),l tr a lcuunt,,+e,- ia/iS Irpitiiluuccd di , teli' cro p setI isoii. \ utllt 

,'ci .ll-leite ottioui lmaim ill a1conltinuouspultli pe.aks, OCCured i1n elv /\tlgUSt nlld 
cereal 'ro ",0st,.'i. No dilrence I rtI iles- nIid-St,emlber. \\ ith nynvplial peaks I weck 
lilltl \\it" tasCrCd bclct.Cil Is or late litill( befotrc. I)ilccl dalliige \ws obsCrsetd ol leavcs is 
pre.Taliltion Aitd Uilh.d laiil lCfor pliitiig pimpoitnt marks Mhere the stivlct \'is inserted. 

,inlivl~r. CMtiiplctc Ititluic teCiioval or cOhiser- Spittle bug imlestition is ire 'oi11c1mmon ()1 
atioi did ttl Slus\ian.\ ellet Itn horer Silghitim thaln lilt illet. llstitiOll wis less 

unfestati 1, severc aiid ,,imdespreaid ii 1980o than iii 1979. 
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Striga Research 

In the 1980 season, many (f our experiments in 

both sorghum and pearl millet at Kamboinse 

were atlected bywtile2-w\eek drought that fol-

lowed sowing, and several plots had to be 

rCsown. The rains ceased abruptly in September , 

resulting in heavy .Srigfa infestations, and CoIln-

bined .S'tri'aand drought stress killed plants i, 

mna ny plots. 
We conlirrmed the resistance offlines idcltified 

pie\ iouasly and identified new an! stronger sour-

ces of' resistance during the 1980 crop season. 

Sorghum 

I)uring 1980 sexeral trials \were laid do\n in 

farmers' *,'triia-infestedfields at three locations 

in tipper Volta. Ihese trials confirmed the sta-

bility of resistanceofN-13and IS-8680 on difler-

ent soil types and rainfall regimes. (1-90 and 

SPV-103 ,.,ere also ftound to have stable .SIria 

~~~tested 

14 

tit 
I 

Str'iga, a d<'pa.ititL,/ara llt'eedot Aorl.hUtm. /th 

alm in/lilt otht/ vrcal% ,earl millti atd mai,. 

resistance. N- 13 and IS-8686 were also tested Ior 
resistance to Strna in farmers' fields ill Came
roon and Mali, and in Mali resistance of N-13 

and IS-8686 in 1979 \kas confirmed in 1980. N-13 

a1ppca's to he tilehest isistalcc source presently 

available. 
()ur' adl cd Srig trial \Sa!,rown in six 

countries, including ipper Volta. but results 

wx'ere available only from the Kamboinse station. 

Apart I'loill and (checks), ttourIS-8686 N-13 
advaned-generation progenies (148 x Fralida, 
11-509. 11-548, and I-ramida) prted to be satis

tactory for S.ia resistance ,id grain yield. 

New sources of resistance. :*ort' agrolmi

callv good lines frm our 19i obscrx ation 

nursery \wcre retestcd at Kamhoinse and lie

bole. At Kanboinse. where Stri a int'estation 

\was high, eightentriesx\xer sclected asagronom

ically superior. Of these. IS-I 19 and IS-1,,138 

\\ere also good viclders. At I icbele. .Stria intes

tatiol was tunc\en, so no e'alatio l was 

possible. 

L'i,-stimulanti lines. Evaluation of these liles 

\\as carried out at threeilocations, and 10 lines 
\were selected for firlher testing. 

Vpper 'olta collections. Sever:al local landra

ces thought to be resistalt to .sIr,Ia were col

lected from i pper Volta and two were selected 

for fIittlric testing. 

Advanced-generation breeding fIrogenies. 

lines tested were derived either from crosses 
bet \ecii .itruia-resist a mt parents and adapted 

liites or from crosses between different resistant 

varieties to combine different resistance mecha

rnisnis. In all. 231 IllwereI,and 309 1,, progcnies M;alt.at Kaniboinse. Mtnltg 

;tnd Kobo illFtlhiopial. 
Yields rane,ine from 2617 to 1217 kg ia \v'e 

recorded in a trial of 21 lines at Kamboinse. and 
the nican S'tri.a emiergence \kas ,nlo\\est (6(',) 

the hivihest yicldcr (81549-5). 1lie second and 
third highest yicldcrs (80544-2 and 81)598) also 

SIr/,a elelgenlce anMidhitd lo\\ levels Of \\ere 

presllitblk tolelmait of the pitrasite. 



IPo ex perimenls. These were carried Out to 
co nnim tield rCsistiIaice Of t IC\\ selected 
sorlitttni cultivars and to detrtmitc thle stability 
of .Sur,-resistant lines 1)v exposing them to 
Stri,', strains collected IIl1 di\crse ecological 
/oles of I 'ppcr \'oli'. I,-80(8 was llore stable 
thair N- 13.riwin,,I ,t c of stfains, atsreportedatran 
Carlier b\ the Weed Research ()rcanisrtion 
W1K). I oss-stitltwt lines \crc more stable 
thatl N-1I3. \\icl is ;I t "i iiuhtnt-positisc t.\pe. 
Iclilss-stillnltzt ncili IIisnl did il)tappear to 
otltel camel slbilit\ \%Ien tested ;icilin,,t a range 
III Srlia ,,1riii, il thc field. ais N-13 ,sas better 
thai; I.S-8S6(,6. Ill the pot epericritits, the oIly
;Irble sss the Snirrt,sIrail; tire s)il. ilioisturlc. 

it ld lt ',ilratre ftorf', \%,rC stIllri rd. It 
.rppeir,, tht tlil iirtCrlcioi beiet\CC diferen1 t 
Ni'riySitains and rr irlointal Ifactors, is also 
iIportIi ill tire' 'xpre,ssiol ol resistaincc stilbil-
it\ tfl dit terer eulti\,l,..\At untderstatdirng of 
tiee.' irtMriLtions Il rel host resistance isMilion to 
nrcccti r\ for the de C loprtrllit of .r",'[,a-

r+'sist1rit cult I irs. 


Pearl M illet 

, ince:Ttll )Cp 1illet SIriot, sti c result ino tll 

I') sI t %\Cer\ cu rrI Lrin.I98L)ii \'C 
l rrrrr'h l ;1ii iiclr, i\ C sL'r;liI fo .A I,,.: rCsist-

niCL'e Ill prill Ilill-.t ctrrlt ;s ,s 1 \\i.st .\tlllicnrill 

1tillir 's Icll Ilr \miriiciirl ( F kill inmiI ()r li-
"-iri\,rL). s l r 1' IsirnrIrii\ II)l-rril irllie' cir\inc 

IIClI IIt Ii I IkCIL' it rilr tI, l I\ I SI ,, I ' IIeh lt+It' I 1)11]Lt' tI I +t .I lt ! IIIIIII1 IlI hi rs), ii tl st iiiI.t nil 'hi t_'rirli., pniric~i-

p Il I t ItIl IntIt i (t 1 \\ t \)i Iairi uit1211 tlIii 
t . 7,I It'\ Ii h (, ,i,t I t t1 ,1ii 1) %'11, 

\,Itlt01 it r1 i it I hin. I l/'\ itre,. \ic 

selectni I 2(G I runt i' 2)5)) rid \cii erioi ;rcrii-
I ri M, \ l 't."r,,It'n i , i C dpI()iLntirlih I\ 

,tii\:lld lhi. (i11 t t1 L' i ii,ill Se i e 2A-). 
s ich \ s, ILit' i ,r tIii +reri'\ Cirs r ) ,isrp .IIrrl,/ 

'CSIStMirIC. i.ili t ;1t+lipt'i i~ril l"irIirrini Iit't 

Iirotli i i i i ",sptiili. )Nit,, ri, l\ .ssl\ SDI
34-I \irs;rIprmlilrne ()Itlu scltilml ll 
ihimu ., I Unrilr t I ptn, rrI t L'\ tI ls' wCll 

rIlIi I i'rln . ruh I s stCsses,)Hitiil Mtlo l{trime 
1,t1rppio I I ru( fl riI tllrlc ill tIllserCl\atii CiSC i0i 
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sor'ile that Soli lines highly resistant to 
.Sria llso possess s(ie drought resistancc. 

[he second trial comprised 03 inbred lines and 
F, progenics from IR .'Ar ('Center and sc\cral 
S 'crc composite ders ati f-esflr)oor research 
pro1gra in St dan. None of the entries was well 
adapted to Aonrall. Cn\iromlnt. 

A Pearl Millcl Adaptation Trial grown by the 
IC'R ISAI Genetic Resources Unit in Maradi 
(Nicer) \\as obser\cd for Stri,,a incidence, and 
15 litres \ser selected to1 Ittrther screcnilg. 

I )tnring the first two cropping seasons (in 1979 
arid 19801). out effolts ill pearl millet St1ri,,a 
rescarch inl IUpper Voltka mtiii\ foused onl the 
idICItificiitioi f rcsistunce sirn.cs. he cxploi

taitiol of these sources in the breeding prograril 
ssis itiitiated ill the 19810 1 d.y\ seatson. A few 
lincs from the m.ateriatl desclopcd at I1 IR.lAT 
('cntlr by pedigree mctlods \were fomd trscftil as 
elite Sources ol .SIl'r.,' resistance. 

I lie corilpositc aipplorich is \well stuited to pearl 
millet it1rpro1 '+'cill. ihlliorlg sC\-P Iritercrossing 
eral sclc'.tcd less Striv.,,-strsceptibic lines is bcinc 
attempted (\\Iich \\ill be Ihonioscd in tie 1981 
rain scasloll b\ tcsting Of IN ( S Is) in sick plots): 
silbSCucitl iiIIl-sil,,sliadc bCt\\cn Strit,,-frcc 
plitrts \ithi arid bCs\\ceiI I.sss ill be adll i.1 l, 
tC etCd. ii, lco(itirtur ctillarid reLotbirier.l oI\%u 
fihl: p pulttiil is iSr prosed I I' stani'ili c arnd 

reltnllrll lt hr tIdits. 

Pol ,\p riments. ()tr pot cxperimenrts ill 1981 
attilkrdr V( ii rnd Koltir l,N).(_onmi clatI(I 1-f~ 

t. urnLICStl ll h i 1) III-7r)(nhi )I\is,a It I(III]iinOne~lIi I .C ;Ie t %%t iTM I l Is ilil1 t t11l are oCl' .l'c t ot.islr'r., /Ii'ii'ur/Ih U sir tilrs. tie1t_ spcific Ito 

sil i atltlrii l t ' 0th L' I cific to pcr I M illet. 
I l tOIe1b \os\CU. pe';itl mt',illet .S'l/'l1( Sll lil from 

i) ilso able tst inrttzek Sol irht1 . Ilis 
s\r\i b6 fllrther i s illcti.crterl 19,81. 

li i e\ Lcitll lll to i1d Ci.RICtict lor hothII 

.1 . 

ls.o r'iail iiill ini Iri0..Amoinig the Sorgiht1i 

IlitIitr - In rrt1 rrip 'milirh/li(a Striis \its 

-amStrSt ) II1n (;ils;. S l I s 'ISi91S, ti lill- nlogaill 

i'C+ l \ua tile sllt5 inlelrit. andlttle rOne tront
Ikt;i I-( \\ the lcast \iilunct.-.1 ) sIs 

\ n in hie pi',trI lll stl S';I I-1 3 from
11c i is. 
I aIrgH.c %\'stire iIrusI %irllelit, ardti l etlrlic 
strriri (S 11P-2) \kats lc:ast \irtnIlctt. [here were 
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low. lit teris of grain yield, IS-I 2666C and the 

local check pcrft'ormc hetter than other varieties 

Sitnd also rcgistered Compariatively low perce,+n,

tages of inlested florcts. 

' ~ Agronomy 

ml VSorghum and Millet Agronomy 

-. ;.j
""3.,+ 

'k 

XX.", 

JIn 

Scoritg wurgihum /r Strig il pot c.yrilt'll in 

Uppe'r Io/,. 

lso sinilicatit dileCrencCs \\ithin Mid beteen 
soiglt tin11 tll \lUiSanllillCt .,itas. \, 

Ittacked hv both stltins,. 

International Trials and Nurseries 

Inttrlnatit)nal Sorghtm Shoot l' Nurser. 

(ISSIN ). No dlta could be collected at Kam-

boinsc a, s e\crc drought destro\Cd this trial in 

Septclllbcr 198f0. \t Ftmtlko-1i'l. shoot I1\ infcs-

tltion \\as lo\\cst oil IS-4 )). foll\Cd b\ IS-

2291 at IS-I8301. Ilox\c\ci. lItr\cst dtata 

Indicate that (.11-I. S-I8319, IS-18427. and 

IS-18479. thlmh most hca\ l\ itnlested, out.. 

Vicd ethei ,ie tic,,, 

Internatioal Sorghum Midge Norseri (ISNIN ). 

Ibi, trial \\is pltitd ill .lu I98( at Kim-

bhoiisc. and most \rietic,(9f( 1 i ) flo CCd before 

2f0 cptembc. itt the midu population licak 

occulred oi 29 September. so the dttl \rCe 

unreliable. Ilhoxcxcr. at [arako- i here the 

trial \ts planted ol 2 .\ugust. the lowcst number 

of tldult midce (2-3 per paniclC was oserel tt 

S-(iil-\l <II. I his \arte\ a1lst rcgistercd the 

lo\cst floret ilcstation. though grailt yield \:us 

l preliminarv testing of sorghtim varieties in
1 0. 940 S%,38-3, and S PV\.-35. wvhenl planted 

crv (25 .lunt.), 'ielded more than the Kam
boillse local sorg hum. The carl\' cessation of 

ais in Scptcimbcr tdcrscl.\' ficcted the 

ifp cd \ailirct ics 'lxt'n pla nted ate ( 10 . lul). 

whilc the local chleck did relativel\ well. 
the prcliminary tests of millet \arictics, 

sevell introduced tdilics and the Kamboinse 

local millet \ plantl this Year. Ilhe yieldswere t 
were to\\ tile to ealls ccssation of, ains, pollel 

wash on Iost sliot-eclc tmaiterials. pool plant 

establishmntit of, the iul pllantings, bird daill

agC, ad a high deree ofrot infesttion. None 

01adilxof the intrdlCd \aiCtiC, was stablC. 

last vea'l \c reported that flo Ihotosclsiti\ 

Itillcts the optimliulm+ plant population t1mpight 

chance In lation to te planting date and that 
POt such intclactiol octs ill the nolphottsetsi

tike millets. Io ()Confirm thi, obseat\tion \C 

plainted I local photosctitixc millet (Katti

bollsc locbl and t lllphotoetscitii\C millet 

:x-Ilornut) ol thCC dat's , i l 198fiat threediffer
cot plant popitlit lions til|t Cip s Ihelalele.p oil. 

local tllaitriail shioed a mIemtivCteslpolisc atid 
the I..-llllo itapsitic response to plant dil

,it I l hieiest \iclds tor the local were 

Obtained in im til.\ littc planting att only 20000 

pla ts ht: the .Itil\ plittititgi ,it high iletisit' (81 tXX) 

planttts ht) ,,htoCd sOttC pr11ttlisC. Yield- for 

IEx-Ila rt: \lidcl L'teatl\ hout x\crc highest (20C' 

tuore thaln locll) hMcil plalted at the cld of.litne 

it 800110)0 plants ha. Ili , both pllntingdatc and 
at full populationt appealred more critical for the 
Fx-1torti thatit for the local. 

In adlncd tetitLu ill 198,. x\c studied crop 

espollses to plitting (ate" atd soil characteris

ties in orlder to c\illtiac itutprovcd sorghtn' cul
tiais fo;- tlcit x'ield statbility iand specific 
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aldaptation to tile Illiajor soil types cotmmonlv by proper Choice of planting dateand crop vare
represented in toposcqiuences. I I. ph tlosejisi- ties. In 19X6 we studied two intercropping sys
tike local sorghlnls (both rled and v hit,) yiided temls: sorgit'. ialit/c and sorghlin millet. [o,
 
aronn(11d 2.5 tonics !ii hat in carl lnie plant- bhoth syslcnis, intcrcrtpping responses were sig
igs. Yichl (illcci-cs ill tile partiall\ pliotosein- 1iihanilv greater ill Carly than in late planting.
 

siti'e \ rictiesC,veL ionsinIiilicaiit. Also, pr its Iosc with the increase in the differ-
Si1n1lficmt dct-crcascs in ,,mutlgiii vild ctic in nlattirity of the two Ctlmponcnts. For 

teCItld Iit1i deli\ed pIantiig, lli hIy signili- instanice, Carly maei.,In with post rain\-scaso phio
calnt intcractiMs x\CC rct-rId,'d betwe\en \aietv toensi ivc sorghtii vas better than \ith F-35-I 
x datc of lila lill,, stiIl t\pc x dt tlf plantiig. sorgltiI. wich is Mrtialtly phomtoscnsitive and 
aid \airiet\ (late . sil (I inatures Ill days earlicr. Iikessisc, the combinax ol planting tpe. Ilus 
indicatinci the imnportancc of sorlglliltl \arletics lis of \arioius sorghtunis with earl\-tmaturing 
of diffcient miaturiie rlid )I timhing mnallagc- IFx-Iornu millet \\r better than with the late
lilitI \iliioiis soil t Is. 	 ni.attiinc local millet. 

L.gilli Aron .\rli e('creal/legrne intercropping. (reial co\\'pca 
iitercliopping is i widesprcad farming practice 

(V. pCa. i contillill cimponent of West African thlrotughotit lite West African SA], with two 
crOppiing s\sItis,. is \\ell-adapted to SAlI coldi- major objecti\es: II) the cereal used as I base 
tilin a l niinlv clo\n as an intercrop \itlh cIop sliild reach yils about Cqiza I to a11trC 
sorghuml and millet. liecatuse of itiscct probleims. cereal stand. atid (2) the e.\\pei yield should be 

coss[ ch11 id o l ill farm re lo0W. ' idr iaie/Cd s\ithtlut the lise of insecticides. Both 
adsaicTd 1in:uiuli.'lerneit \\ith rtilar insctl ctli- objectie\.s ticcessitatc crop conbinations of a 
trol .iid ill pUle stands, hinh Yields ha\e bCi ilearly 1l1 c'rcal sland to which some eowpea 
olbtailicid plants ate added. 

WC plIuMted 12 \l ctiCs. tIh local ild )uring the I 98(l cropping SealSonl. WeeC\aIL
d , ompioI I .h1l\ 19, ( in i ItL atcd ilntrcropping both photosensitive andin a tOposCLiIILe 	 of 

Sind ti itli plant ,haiiactcristics and adaptation 	 pIhotlinseisitie sorghtimwll ith cowpea. Photo
to to e 1 il. teciiise of dcla*\CdI plalting and ca \ 	 sensitive sorlitm yields were slightly depressed 
csall oli liilis niid-picllcr). ' e intclcropping. Lnealal spiading cow\peaii 	 ithluir by 

rilt 
ilos\\C\ CL t liLt iItlhitu)twsLmiit isL\C \uriL'lic's \idCd good soil coveCra'cllge: ho\ever, co\'pCa was 
s(imispI iding ou LL IlitLll liickl shal'd oit ss\hen platited a ollonth later 

IWial %ill it ( 1t10t attllill ihtii \ichl po(tiltial. 	 plainted ai tile samll time is te Solrebllim pro-

I L bit.ticlitc'( il ltL l\ 
plauiiin dlte ;11l earls ceCsuitui0i o rains b\ 	 thall tIlL' sIuln crop. Iln the case of plhotoii
miii iili gil, l' qialt liL' r 	 soluuillisit. of eaurly hrcsted sLnsiti e and millcts intercropped 
ci1uiii ii tl \iCldL' t\\() 0 tIiree' tllies ilior' thall \with either C(L)\\pla or Inllgbeall, the I:ereal 
1i1c ,prL'uidinl-ipcPLu\ L'ui oil both soil \icloariLtiL' grain \was gcenrally imaintainlld or was a 
i\ [IL. littiIL'r hin.a the sole crop yields. Sollilg.'s 

ithI Lleise foliage appea.lredl to depress cowpeaIitnl'cr('r( Ilplpinl 	 ald mIiingb +ail. M ltitgbeall was lost c'peti
tine w1ith sorugiiis: inillets sifle'red less and 

Ill 19X(0 Iiiuuo enpiasis \\its placed ott Crop Cotipeted beiter with l.gutm's. 
coiiibinations suitable for. specific soil :oildi
iol \\ it hin tIhL' tOpseCiteuCnce. .Ctionlic, 

(cereal/cercal interciling. I he results frim I Ic Lctloinlics prograi was established ill 
our last \cll's sitii(.,s indicated that e\ihl gains IVpptr Volta diiriing 198l) with the arrival of all 
in cereal cLical IincrpC'rtping CUihl be rtalit..d ctuonitl in laitinary. A secotnd econoimist 
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itil'l IiI- tealm inI .ule and will cvcltuat: work itati\ve and quantitative understanding of small
 

il Niger. Ia,-Il units and systems of production ill ipper
 
Volta. (2) to develop, test, and refine ont a pilot 

I.ong-term goals and plan o.' sork. [he objec- scale efficient data-collection and datt

ti\e of the ecoiiomtic, pIlgin ill West .A'frica is proccssilig ll hod ologics for later \illagc stu

to cotr11ibltc to the identification and develop- lies,. (3) to demnomsttrate methods of conducting 

nient of iiiIp\ovcd production technologies faritcr tests of promising techllologies, and ill 

throinh: (1 "1i1 iIaI'l\ sis of culrcnt laning svs- SO doinlg establish \\orkig links %kitli other 

tcmis to identify sociocconomic ;illd other con- ('RISAl I rogrm, and (4) to select study vil

straints to production among small famieis ,tgtS. lICsC 1!oa1ls \\CrC [Iiis ed timotigh tlu'CC 

(2) aln c\allatioii of immiprscd teclnologics principl~ acti\itics: (I) a pilot stud of currCnt 

uider larmilers,' co itions to assess the Coll- lalilling practices il two villages of Central 

Striilits to anl conIsetluenIces oll dotion. Ihese I 1l. Volta. (2) farlmers' tests of the sorgumln 

ob'jcctiCs \\ill ie lullillcd tlhrough \illagce-lccl arlicty F-35-1. and (3) reconmiaissa.tlicc Sllv'e.ys 

sttitdiCs. CsIeiNIll 1) I ht g-tCrmt nitulC, an11d condcteL'td throughout t Fpper Volta. Pilot harm 

farneis' tests of promising tccl ologics. surves\'S \%cle started ill two villaces lca ()uaga
dougzou. lcchuiIcal and finatncial budgets %\cire 

Objectives and program of ,sork inl 1980. Ihe S\nthesicd for ma.jorl Crals and lcgutmes gin\\ n 

go u.ral goals il 190 \\Cre: I (t)d\hlvloplual - tUnder locatl managcment. [he use of local 

+,:.,;,
I , ...
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Mali
 
.... ._ It
_... 
 The I('IIAT Mlali ('Cecal Improvement Pro

-rtra s Inftlatcc. inlI979 withasI iew to comple-Iw".-o
r,,-:;... ,Inlclitillg and(..supporting tile ollgoiing sorghumil 

11.
.. anid utifl1t improvcmnt elforts of the Malian 
I.od ('rops Research Service. 

...... .. Sorghum Breeding 

. -- i n: 1980, we focused our activitics on exploita-
I('/S.'I T,oi,lniti o.,d ,Yi't'iomb,., ,p'loramr tion ol the Malian sorghum collection. Based oil 
miv',.t, ,itla vil/.wac inl .S C.';ir ,1,'/11. our 1979 observations on this collection, we 

placed the best adapted sorghums in three 

groups: photoperiodsensitive. midscason, and 
very early sorghums. In 1980 we tested these 

soruhinu and millet \arieties and imiiners,' plainl- so.9rghtumns in multilocation;l observational trials 
Ing strategics "crc analsvcd across scveral at Sotilha. Cin/ani, Haallildougoll, and 
ell\ ilonvlcll. Same. Several oftthese local sorghums were

Ih malinill
conclusion of the stud' oilltrniin fund well adapted to Malian conditions and 
plactices \is that the dolnkev-drawn holl might be directl introduced isciltivars or used 

dlO/t' i, triction \ stIll undelr firlllers,' illirage- a1sgood breeding stock in the crossing program. 
inIcu srllnilicairr l ictsel ret urs to hoth land \ number of' them also siossed Suiti'a resistance 
intd llbor. 1tpCrutiled inc thorough \vced ing arid poss.esCd good quailily grain. 
and , as tilliid to be labtlr-savinM. Although its Sorghum Fi'hs'brids in'olsing Malian iale 
rnili~ effect is,to in~c' ceI in e clcncv during pit rnls and the cvoplasmic inale-sterili' line, 
lilst \_clils. shich collc at i peaik ssorkloald AI x623, \ve're tested at se\cral locations. 'These 
period, it xsas not liibor-displacing. I);lltiSuggest hvbri s cxhibited good seedling and plant vigo',

ta rll fIlol\ d adoption of the p 'll'ciCxpillislor: rh'al droglit olerincC, nld cleir grilin iCld 
traition stem. incrisiiilehe demand Io labor ;idvllitages ovr tileparents. For instance, the 
d(t1111 the ,lack pCiods, cross .\23 x ('SN1-432 give Ihlet-rosis index of' 

Is ilualitiol oI l-3l - Ih.\ i-ltrnlio l .trlshowed 2011'7. the highest rccorded illlong tlhe 1:1 
thil it mmtiecldcd hllcal s%lite sorlus b \8'73- I brids. I leoutirlidiIn- perforlllince of' these 
inler Iilprs cd liiagelcllu it in late plantings. lybrids indicates (htll Malian oihghums caln bel 
A lii (lisu,F -35-1 \%ts plainting period exploited i tihe lhbrid bredin iIrogriami.A. 
inloIxi bilit\ InuprosCed Il:illiterC pro- liribetL'rI[.( large ofl i-Ilincs were also discosered 

cdurims picla'n 1nLsoil pic'pearill. chemical iinllorg th Malli~ln s0oighuins. IheCe Cbilet isCd 
ICiili/cr. arid orcailic lllillC gase ii\Cveag ;I.S pmitits to irike rtpid pi-gress in breeding 
.\leldl licilsCe ol 2(00 1 ox Cer lial s\ir'iiC'eS .laliain sorgliili I\brids. Ihrough oilr genetic 
cros\% Iiuditlrdirtoial inairlliilir. stludies \%CewCrc iblc it locate several alleles that 

RIterIli l,;iCstc slls\,s\ks rc conldlictd in ssill e tisefil in luturc crosilg. 
illiceus I iestilati, C ) lhe igniclinitic A set of 85 cxperinlrentll and standard Fi 

tCiitIrs ol I ppt[ \'oli Ilics prti dcd it des- h10brid. rccci\Cd ItrOir ICRlISAl' ('enter werecriplti oft he dillerernt Iliill lairrin. SvStciis, Icstd at Solltih . ('inrinari, a.ind Barillandolgoil. 
eniblctl se's toihe chioscil ftr I981 \illiic,sitld- Inall the hybrids. seedling stlitd and vigor were 
ic. arid cotiibtilcd to lc\oriilleitl of hvro- excellent, platnt gross th irnd drought tolerance 
lhiecs that %%ill he tested illall expanled were very good, and pan icles wece normal with 
\illitc-siItlr progrinri. no blisting and seed set was normal at all loca
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tionls. Front out \ stlial obccheatcots, tile lilIow-

ing cxpc-inlct tal 1t h hids appealed the hest: 
('SI-5 (2077A x ('S3541). 2077.\ . NIR-38(, 
2077A x NIR-I84. 2177A x ", R-383. 296.\ 

N\R- l 2. and 2)0.\ x M IR-I.3.M lR-376. 290.\ M 

hid s elct itnls tnth e le I)7 ) s ea-
F iIt\-n I Ic h \ 

soil's M aliati ItnrsCeics \%Ctt tCstcd i l ({ Js 
Iluds.al ,l o Cstatiill tials t itil Itocatiinis. 

As with the itttto'inCdIshrhkids. tile 0c1\023 

I'hrids l.tc\ ser\ \oeCll at all lout licitions. 

SesCi seeIcttINs \ill be adtt,tlCd t IItIltiOe't

ticiOtil siCuh ttiatls i1 19I1. IItC i\Cetl eL!Crintt 

\'ciht Itr the I h\ tids \\as I.8 1nites the etlain 

\\eight 0cl the ttIMtlc paiCtit Mid 1.3 tites that ol 

the Ictlllt' patilt (.A I\0c23 ). 
.'eC\Ct;l Ctnipi)sitc Icclit. pI)ptlttiittns 

hasCd ItI co2t'tiC nale SsttI I t1s \\Cie tthlishCd. 

I estitg itI the 198() sitlsitll itcicacit thc it'-

tntltlldcis p1tttltia ill this aprI acith tot \c, hit-

itl Iahian sicrl'htctlt , CIcIaaCIcIS. SCCCtitt 

pItccdctIlS \\c c de \ohped to tect lM secdtllin 
ltht Mtd IM 'Occi04LttJltit.. A snin-LisitICC 

pIL" l~tcct atict\ etthoid (11 ttStitL t0 hi ;t lliqt \ 

uisttnt2,, reduced .,,tnple '.i/ cc 20 at less pliit-


ratitn tle \\as dcchipcd. 

Sctcctitle tests Ior .,ri.,'c-sist:t,[t sttgh tlltt, 


cutltiatls Itdical t'd thht, ot tile tm l47 t) selec-


ions. otlk \-13 sas picitSiig, Ile trait \wts. 


htcv.ec\t, lust in hy bid cctt1hilltiII0n kitht-ctiic 

A x023. its indicated hy the tnbet ct +ri,ga 

plants pet sogllli plant I ahle I I. 

' "g''+!F ', 
r\ 

,Lc"e 
I '{1'[ ; : 

S "Icct 
. 

,A'" , 

_""__"" 

Icc0t rtLXl+*hcIcc rc'i c,,rcic, /c cAcic,, tI 

Table I. htio of strigal plants to sorghum plants hit 

screeningz tests (of the hybrid AT023 \ N-13 and Ithe 
parent N-13. 

-
i Iii .... lii ii pl , s 

. IAIIt -ip I IOtIp 2 kI' , IltI .1 

N-III2 12 1.1 .2 12 7 9 

..\'c; 2 :2125 1 5(i 8 . 1tc 5 

x N I: 

Solrghulni A grllOllly 

I lic ttnajot etphlasis l oitt sotglllilt ;ag'tolloll\ 

tcscittch it) Nali continues t he ('i intetctrp

pinfg.tSillthlitt oir ttillet \oith co\o(pCI is tile pritl

cipal Ioc.al s\stetn . In the sc'(l llil Co\\pti, 

ittterltop. litllic s ,llilotl il\,t '\s Ilse \C[.\C \\ 

Cci\\pca dttsitiCs atiud si)\\ the sCCd 01 tile t\S.ti 

species iII the saute hill. 
In ')98)allcX.pcttttncntt s\ith local sclrghitll ats 

the ttaill Crolp \\as Cil,.t icd o CXtlllilte ho\\ 
producttotil night he tlltill;/tted itn the tradi

tiittal s\Stclils. A local and all itittodtccd co\\

pe. \\tC plantetl itt the Satne hill '.ith sotghnit. 

a9sitl the titlditiottaI s\stcl . atnd ill ittct!t\%s is 

itt tost tttcChtttni/Cd s\stCItns. I he CoCI \Nas 

,t t tile led tilsitics tfttllalk ItsCd hIcally 

(apptoinlattel\ 6250 plantts hia atnd multiples 

ltthcrct). 
.irghuIt cc pea ittrspcitie Cttnpetititn 

\," cleattlk hsets.,\cd in this trial. aid thietc \kctC 

d istitct rClatiotShipsN hetCCCI cMi)Cvpe dclsit\ 
ht th sci-tht tn orgtait aitd c)\%itc,, ta ;-ils. 

As the co\\p.pm detsit\ int easedl, c\Cc.p hI, 
notIcane t Ilincit\ . , hereC I. (I h Si So( ll oS t 'I I I. 

\\as C\idlc e ltI tIlie lc\.e tscIrit 1 ichdsttIttl ttitil 

\Ci t It t pets.ted it h\ the ilCICI.tse ill 
t't)\\o~puI lt.,l \iChd. P~laltillt! l tCIsappha ",I,+H I l' t 

t ictt,t C sintila ClILects. 

1eCte5 elds (MiI

d h\ plilntitng ittatllIItLtt ,. hlut cocv.Wit htt\ 

e C IIith plIntingtI. I liesv 

SothLittit 2t it, tclat\cl\ 

CchsId s. \ c ettet i CIrcc 

tic he (lt" :t intt rcaeestI( lile Cctte s appealet 

I tIctspcciIic cctilpetitict. Whei seed s s\ilwtcud 
in the satmt poceket. the species \tc ,ttct Cti,
pctiti\C alnd \iClds \%Ce Ic llced. I cicati it \ 

http:co\\p.pm
http:Iluds.al
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.100 cant 35ri increase in C¢owpea hay \ields. There 
-;Isflo signitfica nt diflerencc in Sorghmtll grain 
y'ields, ho%-cs r. he copeii a rietv' K N-I sig

,' , nilicaltlv oit\iclded lihe local 1y 25"i.-Sorghumi
rf
-ru lhc %cry largc co\Ipcl hay yields relative to 

lo00 .	 tile sortdintim grain Yields gave the cowpca hay a
do)minant r(,Itillmiratar\' terms. F!-35-1 per
formed as \scll as. or beler than, the locals 

;251 1251)1 251M0 500 0 across locations. I he high-dcnsity eo\w\pc;a plant
',p,'i it pingsused in this experiment genera!ly loweredu 

sm-gri in yields. 

aI adcoisp ea h rvi so",liin. grin i Moposequence Studdlies of several crops.M od tled 
du1rin g t11C I980 gr m i g 5 l. 	 oil i l expetriments Conducted by I('R I.SA ill 

Ipper Volti, a toposeqetUec st]dy was carried 

G24) 	 l- t (ill/la a id Bal llalltigol, \'hC'e the 
to)pography and soil tIypCs wCrC considCrCd tpi-

I 2511. cal of large areas od1Niali. Ihe purpose of' the 

5.0 	 2511oI _Ll(IV \wIS to e.V ;l e t e eptflollmPilr nlice o 
slrpglhttm, millet, pigeonpea, and co\\l)a nnl'r1] 5(...
1)- (fiffell soil conditions associated with the 

-1111 I ,, topographic seqlinice( illong tileNiger-Bani 
(h ilf:g '"S\-){I l 

I opographic position playeo'd a crilical role in 
77 cLr1) lId varietltl pe'rforntiancc. A ce'rCal-crop x 

2111 topograIphic-positit interaction was tled. 

yidced bhet,.r tha 
1) slope soils, and sorghuii perforl ed better on the 

hcavie'r soils oil tile Iter aspects of tile slope. 
Ilhe 'ields of local sorghlllllt Consistetntly 
increased ats it \\;Isillved down the slope. Ihe

~i{i ll1 Ilil) ittrotuce'd uiteri~ll lad a\e'rage yiels simililar to 
Figurt,2. C11111111 andlmllli0010 

SMillet s.glhllul il the upper

lffecit It 	 - tflie loca l sorghlIll oil Ihe tippe'r itl lowcr slopes.
Itlol) )it'h
inMali dhring Ilie19,801grin . ( owpca pcrioulnled best oin the soils lower 

l ur(fol the toplse'tltclllce. Res tlIs fIrol lilt. llIM 1ll

tdotlgoll sh e\d thlat cowpca did nflt t(llrate 
planting alilngenlent. locationl x fellsit\ (Fig. \\aItcrh)ggil!L. In (in/ana where the soil ott the21. lid k.atiol \ x.\I]Ctv ilttcraction. \\ere Clt')- h)sCr iaspects is as heavyas [l iltl Haralllanon-ll
li d \\mki i ll t Ile land llixe llt' t ittio Lillhilt was subjected to less walerlogging,(I FRI leatuoltiships. slgulimil vichfs wvre collllparable to tele lowcr 

A seconl ile rc 	 \ws calr-,pJ)it up Cx pniMtInt slope yields. 
Ried ,ltfit tliub. ('in/lIla. Iiillilldlligol. I ate planting dcreCaC;Ised havy ields onl all soil 
and IobC t0 c\;lllilL, the performanceI ll O types. I'igcolnplca, a new crop be'ing tried out ill 
atte (I cilliIaS ill intrclopping .lcoss sites. Mali by is flo tie ptst fC'w seasotis, tended to 

\Viit a 1uight de'nsit\ f cowpcil ill the intelcrllp, vicld Iest ol tilttipper-slope Soils. It prod(need 
inttrro\% pfillitilng rCsIlltei in less interspccilic good grait yields oin all soils cxcept the water
coLptitilln Itan phatinp 0111 te ltill. [Ie lopged ones ol the bottomlands at 

eect of illitrrow planting was a highly signili- Ilalialdotngout. 
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Fertilizer studies of several crops. I clemsi 
rock 11hosphatc (I RIP)is regarded as a less elIIc-
tive source of pho, phatie fertili.,er lor sCClings 

than diil uniolitonm phosphate (I)\IP. l)tiiig 
the cIen selIason. I RIP c IonteI.d I IIP. ;andI 
I )AP' wrCe compIred ;Is Id-apl'l. starter 
Iertili' isuli'es. ( o lipostillg \.;its cosilret'dto 
bea possible. relati\clh cheapltec1)liII fotpar-
tiatlly aIcitiling te I RP. I sing airngelolcrops 
111iaIC. co% pe,, VCe11peCO. Sol hiin, and 
millet), the e'.iprimneni established that Coll-
pustId I RP \%;Is as good a phiosphatic tertili'er 

t 
total bIoiiss pucll III
 
\iss\of, th it iilce Niali. this 


soulce ;I )APlo tllioll. 
u;1 oi, I IRP iiiIC\ O te 1I)II(IILOfI 1 il M I t111, 

ti lligis of g:eiuat siIIci uc. aMid lIIrthicr 
experieiHiIIC liUII \\illhe caNried out ill 1981 
btr Coltillluation,. 

Pearl Millet Breedi g 

()itr198( tc 5 1lli lti Ilt Nf lian illetl t e m 

attacked by ergot and slum, and had poor sced 
set at most locations. [veCI soutla III performed
\Cry poolly ilcomparison with local Malian 

\ aricties. ( )IllVone introduced milllet 
Akoitess I I shiO'd ill pronlise. 

We aeai t'iiionstiitl the phtotl, action 
(do inet;cl;lxvl Ilnigicide ol dtw\iv mildes onl 

laliaII tiflhcts. In 1 979. intalaxl trealnient 
resulted inI siiificant grain \ield iticreluuCInts by 
Itedttine,!doss us iildesv infection. In I ),\\llen 
nuildel\ imiec.tiomi IIter\\its ald less se\ere,. no 
,Lcci of Ilnetai;a\\l treatiliciltl \us obsered. 

APearl Millet Ag\ronomy 

Niillet is imiterropIped \\itli cop\\la asfrequcntly 
as solgliiiiil b\ the aii i sof Mali: the'leloreotr 
millCt agrlnom rese.\ to emllphaach co'nltinulled 
sile ilitercropping systCnis. 

)urlg tile 19,80 pro1ss m sc;soll, cotitislin. 
1i llet and citO\pi \alittits or ctitkils \\ ie 

;IIgCei;I! (llietlCtlleC IIt H 11ll0 llItid sest\ l Iltptd liltiedeiutst uIIIde irigltgloil ic reg iiles ill 
tlliecs \\ithI1 i t1 f dNof,,le,.els s mlliiil..1 Is-

Istn C, as is sNi,.' NIf btorcrv,,'ll os stli ,ld 

rutiucc. 110t11 

I ub~ (Koltki mi). ( 'NI 21(). 


,'uIro S I liice \;rietiesII oM 
mol.itk 1 7 . ('NINl 

;and (NINi 3015. shuo\\ud \ci,5 eod msistine i) 

Iuihlles\ . IlII col ;boutmutltl \kilh a1 Nitl i ulleltio-

mnoldogst, thie ' clOlectiomll Of .h1iIill IImIilllts 
\\ils [plaIIl d ill S Aiik is' ,u ste in CtI '"hoatdiol. I 

tltrit's htii ';Nis 
\ilh borer hmoles \\eI t selcCted Ihe S..\1I-
;RAI) Malli ttiii collct'd IireC iuiillet 5 uri'-

spot," and 24 Mithilhss 1 Stt'ii' 

tties from Koigolla a Sibs,. s\hch cite locall 
reg rIlted .IsNS/ri,r-cs-itaini Iusts Ieealcd thillt 
tieseii th nillets. I, Sn*\ obaet It tikt]. ikoandl i 
setll 1t tOlia tt .S irii ra ier l;1ii dte'prtss thie 

parasite's grotll. I Ile\ s ill be trusstd %61iti a 
mI1mmbe! of coiltrasitlg millet tI p', ill1 81 with a 
,kev to obutaiiniig .Nriiaresistaltce ill I diverse 

raingt' of mimllets.,. 
I)ue to tie t'oNlsisteltIv pool ;dlaptaitiOn Of 

itimittuccd tiillCes 1i Mali tonditions m prc
\ oils "sears,. eSowi'ih ill our t Il0lirse"ries olily 
94 int rtlitlitis itcllding brediig Inaterial 
irim I('RISA I priograns illNiger, Nigeria. 
Sudan, and India. Iti 1980, as ill 1979, tile intro
(dliced materials were genera llytoo early, were 

itlt lroppe(i s.\stemms. IN o ct'utvpea delisities 
(hO;lil praIctit., (25) plants ha: high lenisity,. 
50 00) plants haiand stediig dates (concuirrcit 
siti th' iitillct. ,nd imolnth \\cre ised.I lltCl) 

I lit plamIitIm datelt It.;tltll \s included 

becatsc, ;ltlh llih llost N llian i:1ul iers tildi

tioii;illy plant th, t55, t1' it the salliols tiillt, the 
I )ogll o(l)tthe "etCilo 1t;ii ll ilt the coss)ea; 

abut I ii10mth Ihdtel ts;i padrt (i thitk filst \%eed
iiig opeCrattiol. Ilie millet aind co\wi clt iviirs 
used (ild lot e slelnus ctrretIs illilipumri .t' 
\oglue. IIo\\e\er, ileri'iig thiso.A, igtIitt or tile 
pltiit delisil\ of tos- cpadid ili\ i comisderable 
impact. I l xinieIIId Millet lieihthe objetcis 

sie. \\iL\o h 11W ;idi litiOllilco pc i. thell Iradi

tmotil;l Iract)ic' is sIpterior. If co\ palhay \,icid 01 

total sield iN the aim11.Chita1egs thIt iimprosMe tile 
cm\pets', abiltt\ to exploit tle eil\iroiIticnt 
inr-it\ these \ields. Iotal \ield ilerea;ses call be 
achied ii iiiiilet g:1in yield is sacriliced. 

N ige r 

Pearl Millet Breeding 

()tmr pea rlmillet breeding program iii Niger has 
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been in operation fIir3 yealrs, and in this period ev\er, Ill loutr experimental varietes are hetro
lout ol our[ promising experimenalI \5iiLetits gLlltOls aiind ltted to be il'proved.
 
ha\. b.Lii selCteld fron tie A\ricaln Regionlal lhe Pearl Millet African Regionail Trial con

',
Irial Icr testing aclto15 an sistilig of 23 entries ( from ICRISA F Centtr,coulltrics. Sotilla III. 
ipIroe'd cultii it+rtitlilOduCed Ir l gil. was, Senegal, Mali, Ipper Volta, Niger, Nigeria, and
 
1011id to +tislmi Ill Niel. SlIdill) and two local Checks,
be HrV was conducted at 

Niaradi, Niger. [nies ('IVI and HKIP gave the 
Naitional trials and nurseries. Initial e\dai - hiiest grain yieIds (2217 and 200) kg lha, 
ttHl Otlit 2 CXj+lcriiiCiital \aritiles at Miaradi respectively). followed by liaradi local with 
r+\, alctd that IV I 01)23 and I ,'I,024 perhriiied close spacings ( 1.0 inlx 0.5 in). Amiong the ht,:r 
bIter lli tlie Cotroll0. ('IV I-I1, I lie pc.rlor- entries were two coii tributed 1)v ICR I
ll o pi, iigii cimti;:r, Ii thiS stries \\ill be SA I' Niger I I X004 (tileearliest of useful 
1iirthieI eO\ii liitd. I II: \;inIe_'s deh'Cled 0'tiries, Vielding 1733 kg ha) and composite 

locall \srcr superior to tliebet expclilllctfil Sotlla III x (I 'I iing 1750 kg lha), fol
tiiet ie,and ,\ licht icsnIt ll ISA I (enter, lowed 1w Nigerian (o' posite. Perl'ormance oi' 

indicaItnie the rtCiteiilC ui, ol I itin lliitriiil ISAl ('enterand the Sudano\ thet iries frol IR 
in illi ini proset itn lot Allii . \%i,, iiot satislactorv. 
IlltIh' jiM1rill. the_. illliCtdlilm iiterptiliHt 

CrltiS iteillCHt.Cd bMtt Ln ilpris d \Vsi Ali- Initernattinal trials and nurseries. Thirteen 
cill \;ilictcl ,,intlllpopuilittiiis "uLch i,Soum lIII ifturillitittilfl trials fand Inlrl'series lotin I('RI
,('IV I II ml .11IlK x 3 -41x-Iriiunappeatred SAl ('enter were plaiited durling the 190X sea
u,,Wluil. ItW "oil.Sote of tilemore inpirtnlt of these wereI ttUiiiiimi mict-rla) ililptitliol. colI-
lpoit (Soulmil III\ ('IV I I1)\\a, ,Iiblniitted to II1 MIA I. IA I,I[FI . I P,PNIS I. I'IT,).I)VI, 
itittmil Io,ill \iLnNetliiiic ')0il.I lie resn.ItsI and 1,M I1 I. 1lie data Iroil Ithese trials were sent 
hIoe\\ this tiLm I,oh ii Crop to )url headquriters at 11 taliril . forthim pop io \alile Indial, 

iIIMCI umCnt. It \,ill he sibiettd ItoIecrrIIT inllvsis. tile entries ill trials wereMtst ofl thLe,.e 
selct.1tu1 ii lil mtt. Sillall-Iteaded types especiallyO cil-niatimmirh, 

\V ctniipltctl iie SCO i rcolibimitolil ill Selected flr Indinlai coidititins and were highly 
l01nF It l'1 Ahlmic.ll, ImdiiaL,timL' pols l)ssrl . ,Usceptible to the insect pest Raghm'.a. Most of' 

ili Ili3 1 (dCI mt Nige) hisc'ut tltWd and tle nat.cilas, ex\i'ptlthose\withan Alrican back
rlo each. olnllld,IleuI1\d tI 5 0'oll1,tt.,, Itit I hoesC coi1n- \ere ill-adapted to time ptor slndy soil 

, \\Ill
p 1-it. hc e il it a il Ill tilte oh M ariadi. Niger. 
19M im ,.l ,ul. Ih ,ill btesnt t1)IWRISAI A trial rticeisd froiii I(RISAT's Genetic 
allert bIctis ill SemICil. Ni2cria, itild Sudan Resources I init with 343 entries and three repli

aitld i\.ui Io Nlcr mtiiotl brLeeders lor selec'- ctiiioiis ,as gro\ii or I('R ISA ('etCer and the 
iHl. homimelT tlMliild nurseries were Coii- data were foi\irdted. 

dltc'd dimulm tlihil 19) iil\ slSon illsupport
ihLe pri,,of le iiii. Nigeria 

tgional trials. Ituil ux riieitaI varieties Pearl Millet Breeding
Ilol+ltilebc'c(diiin prograil ill Niger (IIV 8001, 
II V N(1(2. II V 8103, and IIV 8004) were Crop growth and tirsery inlla nagcn[lielit illI980 
iucltltI ill tilt'198) Pearl Millt' Afri'a \L'ere at btth Samaru and Thegood Katto. 
Rec imil ri l I'.)l.ARI I ). I IV 8001 i id IIV alminit ntld(istributiIof rainfall at both sites 
N)'004 pelrlumiltl \w'll itS'niegal and will be duing tilescasoll was adeteult, and no severe 
iCilth'd ill Scnccal iatiolal tias tlirinmg thic' drought conditiois wele experiece(I. 
198 1 rals seisism. I IV 8003 and I I V 80)4 Iwo local aid tilleinternaltional (I Ilforl 
ilpaild \ilte ii Niger and Nigeria. Ilo\- lIrogetml Nursery., IPN) nurserics were evalu

http:I'.)l.AR
http:Ahlmic.ll
http:iteillCHt.Cd
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ated Ior use is getlilplastin. [he VCF cross 
700651 x 1) 7 (1lvdlerabad 21) provided m y 

promising ditm\ y-mildew-fr., seill-dwrill 
planis fotr firther use il the Nigeriill logitii. 
Ih1ieresults of eileU !N tntc a.ti 'otlirinied fte 
iced to use \Vest Allicall gel-illal isill ill tie 
ClosSilig programin. 

Ill six local \ield trilIS PY I -I to IPY I -6) of 
210 locily ipiroed eittit's. 5-1 \cei. not sinili-
cantlf' fierelntthoseobtaited Irom Niger-ronm 
i.ii ( iimposItc aill [:\-lclrnni. I ICsc Clitries, \\ill 
be luIrthcr tested ill 1981. 

Ill 198) he Nall Millet Africlnl Regional 
lrial \was codnltled il Kano. It inchided 22 
entilies and three local checks Nicerian (Ctm-

plsite. I.-Iorit ilt 
obtained Ironl bulk 
Satillnat market. I Ie 
at both fhe relicatcra' 
spaeing. [oul etimes 

a "locall firmtr" xai-lety 
seed itldlawd tilithe 
lartiters'"atiitxl\ ks gi 

pciin lt ln llhefer',es 
Sonll 111, 11V 80 1 

IVS-A78. atnl II V 80(1)2 gile yields siliilit tIo 
that of Nigerlian C'onsilt itd Ix-Ilorui. biut 
IlI oitl\icldd these MOi ittIprox\'d lIocil 
checks. 

I liirmers' lol x;iit (iC'eilt.d o\Ci boh 
spacings) \ i.lld 94ff kg haglMr\\C thtill th' Ni!-
crian ('omposlitc aid 67 kg h,I less,a thiti I:x-
IBotllU itlicatili lte adxhtg HIiiMinaethat:i InitrClS 
Could obtlinii b\ idoptilig Ihese io ttc\\lh 
itiipruix\Ctl \iliCtiC, Ille diffleICcr itill \ichl ill ihe 

txxir spacings x\i1,, tnt ,,,iiilIca t stitistciMllx.let 
1.*ilr illl iit lilotil Nie l lials (IItMIA I. 

I))'V I, PMIIS I. 
Most clitrs \'re li 
ill grain y'ield, ID)olxxiv 
itCiciltc Mid sex critx 

I ) \CitVO\ ;roIxrtSit ir;i.IL 
boh irotoiiniciillix ai 

rlile'. ergot. arid sillt 

xr ICiih 1tid0Ci ill itesC 
trials i ll ill tile local l tit i es, i Ill l Iicl. 
I:ntries, (Of iintetiticlt'hdCd I('iS 7704 atd 1(11 
211 frotil IP\IA I-0. iid 3 I1IK 1178 1i0111thel 

)., )I lljrsl\,
lie uiclill tesulls floill tlec initcrlittii al 

nurseries ilcitice that intltre etlirt shoitll be 
devotted to local :i rgiilil gentic igt aIllltelia 
breeding. selectioni. aind cx altitltinoi. Ilit maijr 

platis lo 1981. therclor., inclule vicld c\illi-
tion of all 54 selected local gciot ,pcs. Sometie of 

the sele-liotis will go iito regional yield tesitlig. 
sotile into initrnatioial Yield testii g, and other 

into local yield trials. Internaititiial nulrsries will 
elitiV liltitetill a reduicned scale.b'ot n 

(Ih lSorghum Pitology 

1n 19810, the Nigerilan quaantine aitlorities 
relaed the requirement thatcli ties from I('R I
',A (nClter shonld be grown il osesglasson 
pi'iolr ito releiSC, tbliihg lniCk rlee' of seed 
Smpliiles 1\' the iutlioritIts to tis. I ocal ctilli'rs 
\were glli\ ii ill rcplicalcd blocks and kcre e'ahi

itled for disease and pest resistance. ifteeill 
Clint riS \wcre i(lCitilicd is IC'iSlilslt 10ilttot ilJor 
Icll spot disea+ses. '1VIi let 1spo. blight, atid 
ilnthracriose. flile 87 lil spot resistalt lilites 
selected pxriosly ill Nigcrial \r- retested 
inidel artilicial tepiplh\totic cotdlitiotins. and 25 
\Citixlleselected is ipossessing good llillutcs for 

hboth leaf spot aii shootl fY icsiltce. Aniothler 
28.1 titriCs \wCC recc\;i Itatd lor sotghlii tmxlxtv 
Illildc\ I-cs liCec, 
be resisllit also to 
mlor illsect pests. 

I lie Soretllli 
Niirser s [.;I()N) 
planted it Satna 
ited \%CIL ' licfre Of 

and 24 of tltnill \xCrc found to 
major lea'f spot diseases a l 

t[litC PI to'nCr ( )bscr\aiotn 
rot I('RISA I ('Cllter \%as 

. Niost of tile 37 etries ealn
t r eIaflsIAit disaisCes: how

eer 35 citics \wCie alfccled b charcoal rot 
ithngclit Ic\c l 23.2' Ill oie etit rv. 

P a l ogy 

Oul tiils, ill 198f0 \%Ce sited bhothat Saillarl aid 
Katto to idcntif\ d-isease-esistli ntettries from 

l hcilocal riiiteriil itS \well its intelirnlitio il clitrics. 
Ittlies hiehtY IcSiall t itIllelstalr diseases, 

besidei,t]i xVtnlilw. \wCe sclcted 1 lhefroilii 
local liidrices, Collected antd tcslld oer the list 
firec scasols . MIost l nhcill \.cre' resistant to 
llore thlloine majolr disease at \\etl utili/cd in 
cliilrg \%Ithn [ -Ili llnii t11 i ilc tl throtugh 

the I.., stage. 
I re I r lillilliri \ Ititclilllilil l Pearl Mlillet 

l)ot ri\ \lihle\%NtIserV (Ire-II>NIl)MN) Wits 

Vlrr\\ii ill ihe do n' illc\ "sick plot" at 
latnarn. ( f1 1511 test entries. 33 sho dl iligil 

resistl iL'e tio dlYn' ildIhx thirrtughout their 
grl-owthi: orim' elntry. P)29., also shitwcd low' inci
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cr.o.I, [ rII hIciI ellntries, IN.I PS 010), SO. II 
i1)lb. ind 02(0. ShtrvCd high lL-siSt~IMct" to )oth 

N" llCl got'I~Hitln (I m%\\n Ill htlc\ 
- Ilet Jrrte:uratMiial Pcarl NIIhll.t Smut Nuisry 

rlti\\ll thrice 

""h \ \liC',, i ithSaitiI Kano. iyin 

IPNIS . CH" I V .12 C tl ClIlli s arid 

It\gm ;it ~al 

" 4, , ,dhii~\ith'd ',[) ',i lnC' .,lCC. I\\.'ar uti rliltst of these 
' \%" ' all t' d h\ d0\\ IV tihdeV.\\C Ct'Ctl\ 

S.I lie I \'i.rritI ll a1rital I rii;h(\:x\ I ).with 
N .7 ' d rIC I\t tiCheek s, lS, ;aSS tll\;f lt" d SSed 

+ " "ill e'a ()hI\If + } S ll I II p cartl td tMvt-l+\k pltIs. 

... , \.lio't\ N\:l U 71) shit,\ed l",s thaIn 10()1"do\n\ 
. : ' • . . +. imiln'\\ tit) to doutgh ,StriC'. anrd nonc ii tiotfe;5'if, '' , + .. ++ ,..j+ ntrCS,I \\its lcs' illll t o ciI, t .. II(,\\ C\ -'r,Ill \f+; 

+/,+,, +.,, '+',"-'... iI,.HIl \\C'lt. IIC'L' 1l0 111S111111 IIlliLA *10111 

' ie PC;i Il % Ilh.rIrH ite \'ile ictit I I l
/ II'Ml I V I xsas erosm% it irnI\ ill Sarllri,, iii 'r itonne

' h,~, t ii thle d(\ it\ ritiho .w "sickliC'dLttl 0-OM% pdlis 
OW 11ol -1 .I 1.I SIS7 .15. .111(1W( 8015. 

t, . ,Il ." ldI II'.h less IV-i ido M it I eIO rtCidIh ICC 

I ii.a iaIi,, \ MiIS II) \asts,,II S .C I 
!I e' Al.dt it' ill h( Irf72 ild It . 0Ij IS 

f , ..4 .S t t UitlMt d, tM lv I( '".I.S 7,0 S \\f,;s resistant 
t (1r%\Ith ilih \(0 der 0'6. iil the .rCil) 

/ +llili I l~Illll ll'a i / l//I a llII , 11 11/1 IItllt. C(h I ll) to ihOllh ',I~Lt'. No LItIiCs were 
'ml#iiC UIi Iii to L t(iI), 11 ',r Cla ] \k'C CI5CV(11 sit11ut. 

I ltc IltlCiIWIrllo l Peal l NlIllcl Adaptatliori 
Irial-b (II ,I1,\I -(),. \ilh 20) test Clilli" alld trll 

hOCei CIICCI. \\;iS eross ill iiirrelhic'aiCtCld bhrc'k,
(ILIlrC rt'iL'itLhirss\n\lilt\-ljst Cnitrt',,s,,uusset rietLi inlthof nIil l \ "st'k ph "itat S ta1 . 

l,,CIS Ol IC'SiSIl;iiL is,C10uiit. Bl t ,C ts \;IN iI(1)0[ I.S 78-15. OiS. and IVS-l'77 Shrir cd high%te I( I I 
' 5C,l\ '\tlt . 11id 1r lhu'IllsIf\ ClifIi ", \\CIC orirl\ It" tice It dhs\n\ iitilt'\\%, hut Illone Ito rgtl. 

lil.hitl\ iiekeh \,liVSt Idtihl' Cti,cStested \\Cie Mij it fi ' CIt ICS \&Lt hri1l , rSiSi lnt I0 Stlltit. 
sll"i.lCIlti .L'10 /4Illllt lCtI '\lii. R 1ii1is trim till - \liinol tit 21) h\ 1)I ,illn 1\e 'h'c'k Cittiles 

;lltl\U I tillltlt Il L.'l in .'\ihllt d i I \l1i IIh h iRIl lt I t N Iile t I[itl 
Ilie It'~ I Il )k --.1I \k ii , ii ;il r rrtlu ii aui+li (II III . I( I11-117 (8.71 do it s irtil ess 

IKmnrt si (lht I e t'1ill",did I [ Ippi udi I the ii illeeti rirrl 'u. incidl iod)hhi imill glet ence 
lIIlCh \ilil nuderI \ 'eV ) li ,.llC ln\ 2 of \\;li hi.l in ill lm it ,,S.k\htil' I(11 -121 anid 3 5 

--IS erlIlltK" toted (I iit M\ 1 1.17-2- ii t I IS11IlI.2)N- I -S I ' rer tre'd lIiIt S Itif hOer \%;Is seVL'ere 
II. A ) iitI hi IIII C l il )\ l lilthtI l\' ,l l (hii inl illA l CIII liICS, 

till hrilet. (tnSul tihCtleulill rti sT Ill hltiis M I lIe I )Sias ( )1,c \at ilrt Nitf lV Ii\is lt 
litihule's liise; iu IIl.leJCI\% ir %Cen liin iir\r'iitM tltOfAd\AIIC d I Isbri l(I )()NIA II) 

I eI5-.'iiit l Icl i llhlill I 'll I I i i1itll sa ls\i' l Iial IiIirIr illntoilleplicited tsvor-iirss 
iI N-"Il .\d phlr\1il',.'i\ +-1; ll C illIlilt'tl :!1 S 1IiIaIII. . Of 125 Ciili's C ialIitC(h, 25 shohwe(I hiligh 

\Iu+Istf i I lt' t'llit ',, 55C1C Ce e\ ls it t il h. itaI,,tllle to dtossiv iilde\\. I he prirgel lis oh' 
duiss pl\ ilihet'\\ liul sstuc hri'l\ NcSl 'l tihle' ti fletil lint I(11 I1, lm ed P1 itlisc. All the 
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hybrids were Iighly susceptible to ergot hut not 

to smut. 

Sorghum Breeding 

[he Ilari t Ge/1ira Research Station ((iRS). 

Wad Medalni (Ge/ira Province), rcprcsents irri-

gate(d solglillll groving conditions and serves a 

the center of olur. research operations in tile 

SnIdail. Niost of our hreeding nursery activities. 

particularly crossing and eilrlv-geiieratiotl 

a(lsan;eicclent allre condtce l here, Isa tlntiols 

of sor-ghunm lines tor (drotught tolerance, ries st-

ance to sten hocr chaircoil rotandtlriiW seres 

undcr1aketi in 1980. 

Varietal improvement. In 1980 n incrcaising 

el,,irt wasi made on e,.iliiatio l earls- niid 

ad vanced-generation breeding Lbir,erics eier-

tled Irmi our local crossing prgraoills. Several 

groups ofl orghtini lliatelials \cre intercrosed 

witl the local tl\pe,, 
Four groups otflniatcriils dlrlght-tleramnt 

selection', (6), poltilalr locals 15), elite 

('r'pora-i estiit iitrodtlCtiois (7). /erai-

lirai types (0) sce used it) crossing diling 

stilillier 1980. I. 1' ,IFl .indl I"1gleraolills\\er 

5(1\,m, lol tiilrt her Selectioi and ad ntliceitleill. 

Iiitrodcti oil ot dierse sorghitin gerinlipla'ii 

l.lnt 1(h\,iiiccd breeditig lite,,, itllinlvhom I(CRI-

SAl ('enter, plo\ided geilctic illntelial neces-

satv to diser\silv the local sorghuinl gernillplSll. 

Malln of the recent i( _"siotlll li\e beell used as 

parents in hoth our ,,arieiiI atid hybrid improsc-

intt programs. S omethlife lile, dc\cop d 

showed promlisc a, vrietie, '.hen co llmprcd 

with appropriate locail checks. s\hile other,, 
showed good leves o dlrotlght tolerance and 

insect resistance not found il tile locals. We tre. 

thcrefore. encouraged to onltiilnc to introduce 

and exchalge solrghumn gCrilpr1isnll \ith other 

Sorghllill itllploetllicilt progrmills. 

)uring tile cirrnclt crolp scClSt. ai tnunbc1r tf 

trials and nulirserics. again mainly lrotn ICRI-

SAT ('enter, \Cle nsltited at sevctal test locai-

(ions ill the Stiitall. 

Sorglhum Elite Progeny Observation Nursery 

(SIEPON). This 1980 mcdiiui-maturity groulp 

SIT()N consisted ol*(0 progernies selected lolm 

Ia1 aind IF generations ol crosses insolving elite 
lines s id to manture in 100-12(0 divs Iroin tile 

ICRISAI Mold-resistant Sorghum Breeding Proj-
Mcdani W(ie/iraect. hliretv \\,s planted at Wad 

P rovincce). Gadamnb:lai (Kassula Province), and 

1:1 ()beld (Northern Kordofan Pro \nce). I )uc to 

S 	 severe lllois~ttlc stress at tile last t\\o site". inallv 

01 the lntries did ]lot c\cll Iho\\tr. II0\\ever. 

based on both gilain yield datla and \istlil iigro

noillic scores. some of til entries crC fotind to 

be superior It tile local check. D)abar I I I 1. 

[lie most ouitstanding entries,. NI-90344. N

91362, and M-91396. \ill be i(lincedlfor atn 

elite \s lrieties yield triail plainlied lr tile 1981 

sllnllifer scisill. Additional entri.es NI-9095(0. 

M-911079. N1-9) 10, M-90328. NI-91378. NI

90874. M-910)57. M-90)347. M-91302. M-99396, 

Ni-911)32. and M-90895 \\ere elected s polli

nlitor piarents lot our hyhrid solihtii program. 

lhe 1980 early-niattirity SIT()N ol 39 pro

genies selected flolni 1:1 atnd I, generati os of 

adiatlpted x iuold-rcsistaint crosses was sown at 

Wald Mcdani. Manyol the entries yielded signil

icantlv tele than the local check. I)abalr 

I I I I. Fitrics M-9t 95(0. M-90874. and %l

90929 perlormed particulrlv well and were 

selected f'or inclusion in tile proposed elite varic

ties yield trial in tile 1981 seasolln. 1Lutries M

90411. M-91057, M-901 18. and M-90926 werc 

selected as polliniator pareints Ior hybrids. 

Internatial l Sorghum PreIiminur, Yield Tri

al-I (I(IYI-I1). ISIYI-Io1 19 ng 

a(tvatnced-gelieratiol s.'.orghul lines Irmlll ICRI-

SAI ('enter wits goitl at \V\itd Medani under 

irrigation. Solme lines, particularly the ciltivar 

A-3187, yielded signilicantly more than the 

standard local check, I)ahar I I I I. A-3187 

\icldcd on par with the hybrid cleck, CS11-6. 

ain1d showed excellent aidaiptatiotn ulder W.id 

Medaili conditions. I his line was selected along 

. ith A-6557 and A-394() for (hirect i\dvancetnent 

into the proposed 1981 elite varieties yield trial. 

Intrics A-3732, A-6352, atd A-6425 were 

http:entri.es


Ilvund\f'o(i r allltht'r flolll.i ofi the ptrcblh 
\Iield l1i11 i l) j1. 

elh' I)S( I-lP 
;ld'\,llltt,,l- ctt'ilti1ti111 
rIn,(]IIIu I-latt mI ttrt',Ilt11n 
\k'l ;Ia , IN 'M,\1, l \\\ 'it] 

I- n,,iln tlf 
lit)fifle, t'ditii 


I t l .-. \ n
10 1 l('lR'ItSA It11 
\1 C.'t I l+i I II t"', A -

A.- 3)2. \-4041 i., \-(, t . A 1(147 A--12,. 

tlit\ Oin tlhe ha.i', l 1 t tIltn aiid 'I t ittltt' 
N )IC adndit,\lOti h. t IiIn ii I I 

It'gional trials md nlr',rit-,. \ reciotial 

11 
,itIttlam l~k h c.tc'i illiI l. ' e I 

" h1( 1 t (d hl3t0t \),.'r tti ,11111Il ofaillllt 
it " llt'l i alr-'t liit.' 1 (1 II 

l~lil'ltll!l ilttIIN lI\lIt.l Ar 11,t. Il IlO 11.'WICLt'.'It+11, ,+halt,'110 l 10 1 IC"+,Ilt lt ,' It.C1t 0 11', F" 

pttlii
Ald 

\t,1-
-01 t 

Il 

til , J ",tilt)l II 
H 11ee,,.C.all kl 

MI l i l tll ' 

1111 (Tl+ Ilfhtl 

olt alt'aitIit i 
t l-t 
tt\+l]''t' ll 


,tl[ ~'lhI lldJ 


II',lrid imtllrm 
,tl all+ atLk .'tC;At 
lw l' dI ~a t C' 

lt'rii: 

ln ll t 
I'I - ')Cllt.l 

,ll t10 
l\ ' la 
I 

' IlelthnalIn(leh .
Id',tllli tI M\ 

th dctlaltl 1 tc'I, l.. l l+h t.').' 

e'llte t p~rogramll. 
d h110 11d ,Ilgh 

tll0 
Ill IlW ),X( .ttW\ ing,++'-,t). 

ary 

44 
tOf 

,+r 

9,\-.sta+~t 

+.\

\ ii ids,. ,,IL\ Cd .\
th l++tt,,u -+ 'd ,. 

I h Ie R I . \I 
M,ltall\ (d the CHI Ii , 
l ,tii' iIa , tl 

Iii'ui Lfroml Ihb01110t lil 1111t.' 

-Illt.+ +,ttO',ItCCts 
nl 1)+ 0 g;tllZlall r) 

w ti',ttiC' Ill tiile 
11%hld,, Ilmplt m 'lll'tlt pl ylariltl Inluitde+d ',\tithe-
NJ,],I[r( tL'\ 111t,11t 11O '\ l u tal lf ds,.+ I t+,,a,t,\ + lh 
\,Wh tdt11ilI,,d NCu Cl,.cC\,, IIwImCnt;IIllh ild,,,anld 
C"+,-thk ltl]l Ii. ll l I ll llL IC ofl lM ICt till line,,, 

\k, ]Ih thie assi,,tam-wu of SA~N.I I (_'CntcLand 
,)th1L.1 S, l~lltlll 111111m cicLItltlt lot+tIlll,. -,%c,.hal\c 
,lAt lliawd aill al1ttlao Inai.'-Ntrih: ( A and I3) 
ilfW", M l. 1,.v\\,{.,it IL' Cx t,+.' L'-0 )11111 h) IUI aInd c'hII; 

,I/ ~ l llII ]/ A ."t h1 .CI ~I',. W C atlso hit%. C t 1)001l 
(if CCfL'al hlltIIld'd [I~ llllatl lines",. 111t11 of\kl,~h it l otdlic g chll hI +d, l,+v+h C\t..:lhl 

adt atin " ', I~ocllo+;d lls1". ,)nl ,.arictai[+(NN '( As' 
lt+npim) cillcilt 1111(1lal i+,I l\C. l IH,+hl| . ;Idl a;llI+t+'t-

,tIWtaI~MW ,tIAlt,' i I lUl (111l1 'hicI
Cross,,+ing plo)-

g Idlll Is+ h+L'iilIIIilII.U 10+Add to file ,C'11ILA1tit OftOill + 

I+"I~IIIIItolter;r-nts-

I \l+C~mlntal ltId,:lngth11 19X()stnI ljcr,x, 

75-4 ne.w\ ,exrwr :ntal h.,,hrids resutting fromll the 

lltr 

AS%'w/ 335 

ossillg,liiOl Coir'tll proglamll i'C evaluited aIt 
W a~d Nlcd;iiii, (ildanlhliflj , and I ()'eid. ()I 
these. /( pIomisiil ylvhrids, wCre advanet d as 
,,eh.'t'tt'd C pICei e ta hibtrid for the tlllfihi.jioca

,iL-nd Itr ill if] sI. nll~ IIIC98 .+ IX-023-,N 
,l Ittld , o il L, [Ile f'lotst p[l'll sll, g lla. le line. 

,'\ eIa! ItItld' 
',lli llt' )lrid',, 11,7 .

itirltr t.,,it 
,, l. On he bl 

tilt it'' I. 

le'.\ C:'IIl'2t. 'imelCn tal h rids if) 

52 pltlltiltte hyI for 
carriel out I lti tt'I 51) .L'a
is of ,raili vield anl xitual adap

t t Illt .li i il t t of 
ittt t, eitit ' \ll itlli a l ,i d in a fl ih '

,-t'1li 1 "tingti rt gras on ill 9t un. 

I'tlt 
C\tld+\p 

I 
, 

tt 
ak. 

c+lil 

i clcd c rimt, tal h hrid,: Sti. lf 40-l ll .ll;ll s+,tlI11tlll bI\hl id s, k\';IS IrCCC i \..' 

l te"Ste I (' A ite In dd8 . l t loK 
lii tCti h,,, good giar tti alit . 

I tiatditd well )i )La'd i0I t)lt i S t ld 
a+ hL'Soh eii .ar'fn, in oin l+ wI tile' I

icll[ t1his, tlial \kcc'l' llll ill itc highest of all 
+,'C.llllit', In11 ltlscLlit", ',-OM UlLIC.' t't his ", ', 0 1 a.t file 

,,t til.. c" 'r~al ':IIltiCs,\i l'+_Id ",glliliCaIt . hut
lt' than US:"II-(. and all] C',,Cjt (life+Clf.\ yielde~d 
higelwC than tllchw'al \at]ikpl\ Dahill I I 1 1. 1 Ilie 

l u ill Ix-0-2.3-.. x \ IZ 1ilt79} ttcctwdtIt thc'high
csI \ic]d (4510 kgu hit) ~i , t h l ' al ,+'ll ck'., 
19l6 Qg ha. 

Ihli 21-clntiv Inl(crnlatitlna; ."ol)ghltll l'relin i
flat \ If,,.ltid flial Irm WI SA~l',.\I C'enter wa+:s
 
also teste._d ;it W adtt M cl,: i. I htc. 
\%L'Il ,dlrt.d ,and I)W, ,u,CS"d lg )t~ 
]S-22I19\"' x A\-90 2 recotdml a 
K , h1I. Compal r e \\llh.tlit yiteld of 

( .%II-6.L 

P ar ile re d nil .t lre~ i 

entrIie's were' 

&'aillLquality'. 
yieh 111'410 ) 

.38.13 kg hitl I'or 

P l I millet bleeding \'turk ill the Suldan \Vas', 

calrried ()If( ait (ic/it'a Re,searc.h SNtatio~n, WVild 
Mcdani, and Kaba larin. II O)beid. All the infer
naionll I vieh.I Ckaluatioln trialls andllI nurseries 
\k,c tested at Kahal Iill . Ini addition, te.st local
tionsl at Kadugli ('Sctitlltrn Ktordolfan), F.1 
k il';ll ( Ntlthel n I)+Irftl), and I[)ilnisu and tni 
Rakuha (both ,Soutther'n lDarfur P~rovince) were 
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tili/edl o r'Conducting imt ltil hnational national 

yil trials, 
In .hllt.rs 19I tile \'aritv R lasc u it-

tet o' tile Suldall appro\ted the release Of Sere 

-2 li t itCl 1tdlPid1tiItg 1it l ;tiidl('o Illp ) sit 

r tael d it "'t Iitli." I his citlli\;rIlhad Consist

ctitlV yielded ithout 13' itle thIan Khltati 

and 20'U ti t:oi Ill IIakiabvad. tile 1\\o pt[ulh , 

local checks, in otti national vield C all fltio 

trials during. 1)77-79). 
In the oll- tasott (dr. 

sced ol the 1)79 slcctio 

Ile%\ ,101"C" \\CI,5Ul made. 

sca,.son) of 1979 80. tilte 

s \%;I,, ilncCed and 206 

I h ItIll-sil.. method ol 

'CCulrv'Cllt stcioI,, WaS initiatcd in the interal-

iet\ po tiallotn, and 137 Itill-sibs \%cre liar\ esltd 
sasoli . I \%o5 l\ S\ t -

Io t te s t in tIl teI)8(01 ta i m \ 


tictics werc also (Icclopel It-roi tile selcctions 


ITtrlt 2. Yield data of the I'ivarl NiMillti Nationial 'Irial-4 
al three locations inlifte S nh !' 

.. . . . . .. . 
... i It il.hii - _ 
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I 111 it h I ' i l';n I II.oi1>",tipe-rl' evere ( i'ullposite an'td M,'elt(t oFpo1site-I I I..I :, 

National trials and ntlrse 'ri;. I(NIS 7817 

again pcrllvttl ld \w cll in 19 () ithe Pea rl M illet---

Nat ina]I I ial-4 (1)\I N 1-4) at threce ocat ons 

( I ahle 2). I\'S-A78 and I( *MS 7715. which 55eve 

selecteid litl intcinatiotlal trials ol 19)79. also 

perloriltl 
e\alatiti 
IVS 8200. 

tisely high 
Aliso. 311 

tiols. I10X4 

\cll in MIN 1-4. li the initial \iClh 
trials, thre popttloltiott prigclies. 

I\'S 7190. and S(I 8(0)3. ga.e relh-
s ilds. 

itiew saiet\ c r sses. 158 I" popula-

F progetnies. and 91a(kl\,,lced :Regg-

gating progeilics \sere: e\albated ill 190. lie 

selecltions will he studied in tile It) I raitty sea-

soi. Work is in progressto itiprlmethe itervar-

let popuIlationl hv the ill-sib metilold of 

cetirretnt selectnoliall to de\lop a bristled pop-

Illttiioll. Cntries the adsanccd brcediingIen ol 
lines \wcre selcted for inclusionll tile 19I1 

initial yield evaluation trial. Six entrie, of the 

inter-saritt.\ poptlal ion serc selected to deIs elp 

an experimental \ariety in the off-season og 

1I80, X. 

International trials and nurseries. It the 19X0 

raily seasot. li\ inlterttai'al varietal trials, 

live obscr\atiot nurseries, and one composite 

progenies trial ssvere carried out. All trials except 

tile last wsere somn at 1:1Oheid. 

'hirtv-t\o etOics \scte selected for nttltilo a-

I, iii 1-.1i ;1" 'i.h';il ,,i;r-, 

.. . ......... .. . . ...... . ........ ....... . 

tional testing ill tile national trials. These 

included 13 syntllctics. II experimenlal varic

ties. and 8 populatiol progetnies. 

Ih'gional trials awll nurseries. li the 15-entiv 

African Regional Irial. grain yields were not 

signi'icattly diflerent. f1tie 20 entries illfhe 
Fxcehailge Nurserv. If\' 2. I1\' 0. IIV 7.;ild IlV 
17 were selectedollt the bilsis olihad cotnpact

tiess and laige graitl si/c lot use in tile Crossing 

prograill. 

Senegal 

Pearl MiIlet Breeding 

lie 19X grving season started latc at lmbey. 
wshere 5 ha were sown. lie rainfall was only 402 

1m1t. At I .oga (274 1m) and Nioro (52(1 itnn). I 

Iha each was gro\i. ( iencrally. crop gro\'th was 

satislactlorv. 
'lite best naterial Irot tile (iAM x Indiant 
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crosscs, introdtictions, and otni brcedhtg pro- Sorghum an11(d Millet Entomology
 
graIn \%as Cvaluatcd at all three .sits. :ive \'Nri
ties front tile rcgiontl trial svcrc superior to the ()ttr enltmlogist in Senegal alsio .overed Nali.
 
local check, Sounall. lor hoth grain yield and (iaiiibia. and sonic othcr countrics.
 
resistance Itodtowv nilw, lit\' l()()4vielde tin )trinig the 190X growing season, We Made I
 
a'w\cragc of 2445 kgz Asignilicantly better thai PCst assenssent on local and iniprovcd cultivars
h. 
Soiiiia III (17.13 kg hat) at all thirc sites. Il\' of sorehunil. and studied the rearing of shoot 

signiliealntl\ III flies, and the seasonal distrihution oflshoot l'lies,XOtIl \\ias bettcl thai tllillaat 
lIaiihv and Nioro. Il collaborative trials %%ith stein borers, and midge. International Irscries
 
thle national piograi,. ,elections \Ce mIade frotm IRISA ('enter and West Africal
 
from (i.\NI \ Iilian crosscs and from 71)0)510, Rcgional I rialI on ItiltipIc resistance of
 
70)051. anid 1161. Scvral otier lines were sogltuii to pCsts weeown ait
ialllbey and
 
se.lctCd loi0direct use. R 15 and R I6ga\e yields Nioro d(ii Rip. We also prepared a report of the
 
ol tile same oldcr as Soutlla III: hi,:'\ cm, their past 3 \cars' sur\cv. incluiding a check list ol
 
resistance to dow\\ milde\\t,, g;.ireater. Nior,, inscts attacking sorghum in Senegal. In millet.
 
p1meti, to he i "'lot spot" f ilos .iiv tllildc\. ('Z ISA F trials planted at laihc wcrc cvalt
prdui L'iHP i0iti0; icidence In the StiScCptihlC ateilor insect damagce.
 
NllH 3. sshu Somita Ill hld -12 
 r ildc\ attack Iot sorghum and millet Cr15 \Cre affected
 
\\is g aitldI otlnna. 1" rIIioUght diirtil the \CgCtati\C and fhloCsring
lipht alt lHailhc 

IVS .\7" (2078Okg ha) (ndII V ,l))l (2)14 stagcs. Il geitcral, pest itcidence during tile sea
kg fla) "ac cen Ifroi ilie :\frican Rcionial soil \\is rclatisclv lo\\.
 
I il I for inSceital. Both entries olt rcsCarch stations and iarmrs
u1ther testin Surveys 

are shorlt staillield than Sotiiia II..,\rnther fields indicated a wide rtige of pests attacking 
cMtr. I I V S1)22. "as retained fho incorporation sorgthum iand millet. \ rll\V o rtIs (.S)fodu)i','a 
illtlals ill ltc 1981. il \iC\o. of its \icil and spp) \wClc ila iundai lice itthe beginning of the 
icitot)itic taits,. crop season. ' sliMillipedes spp.,'r/oiiopo 

Wolk coiitilttdoCl it I,/iono,.s sp. lwI' r'l/uiui.s t i]l/i']hi \ il.i-o/-IIpoMCnieiii of popula-
thoits aiidi selection of prlorci \irictics. L-out IIi'I.si Mlarr.) and chaler hctlcs (Rhi 1] qita 
t'\pCriit .tiui,ilaidsC\eII logellv \IC iSiMt) lor the lirst ImC in high's aniid ir- \oCrC noticed 
ties MerCsClCctCd lol frthertesth1i. I' rossnill nttbers. I )annlge 1) chllr hcCtles caused a 
tle ,,\ Iteutic, appeaVC(ired good. but I popu- uteauu \icll loss t6 g head ill sor-glulln (('-90)Iirls 
latiots dClicd Ifril. liftll \ ltiiall Closcs uuiii 16 g head itnmoillet( S I Et,QI ht hviie
\sser iciterlulls isii I lots. scrull and liptcrlll palasitcs wet eelto Iu iouIclall lfoi 
rClslu,
lts 1 tile I\hrid trials \Cc ntI etcoIllag- i e'otliCl 11ou1 lalac atld pupae of insect pests. 

slctoti 
sltt hut mtuoiittntclfi he c\l of attack i lthe Crecdd in fisli-miucal traps duiring August

itC.. Sotite plrogres ai le inI fo ' I le llaximIutlul Shoot lb population was 

,iiiiit 1tit-Cl *\t\, k,lo Sec\Cll otthcr intitnla- Septcmber, ald uialcs constituted ; low propor
tui,:ltrialls etcrsgit .nandinthe l'N1Al trial. tion of the catch (2-12";). Rainlall cinditions 
his hi id I I6 \(,iclcd 2-47 kg ha ituiipuetld to and host canopy \,re mtiajor factors ini shoot fly 

.hich rat1, illhotMuit Il Much \ith , \'iCilOf population ictultions. Fifteen shoot fly spe
2127 kg lii. Ih oerall trill sieli \\as good cit's \\crc idrentilict in Senegal, but only four 
(201I kg hahf rmu ti ie three sites). \src Coutitil+: .I,h'r.o,,ma vciIti, .,I. Iinu'aw, 

Selectontis \Ci' Mtte rot0 114 A. I.uibricrni. A. So'c(la wasgcnoty es rari'ifiIa'. 
"ith A l .cli for use inthe secondt phase of the reardl from sorghtmll. millet, and wild hosts. 
(A\NI ('ocrrctid Intlialn Project. I hese, in gen- Sorghum midge \was recorded in the 2nd week of 
ermL. "ere usceptible to disease, and the S., pro- Nhay, \\hcrcas in 1I)7) it was not louud tntil the 
gcnics "ill be tested at both Haitihev and Nioro 2nd \,cck of August. [he peak adult population 
illthe I1l1 \\inter season. \\itsobserve d during May-July, with low popum

http:IIi'I.si
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lilt jltst(ilil )I(I1111(1-InihcihC (I . IIItix Ni(~it1. I i ti inI I % t d ii I it I D VC L OIIn I ICS C C 

1979. lcitlk IifI Ni t HM. i-2 W' I S~l - 1%, L-1 11itolalli [i~ lll IC c] lllp1111t ilt laI tl o 1 (I 
A1u i I- if i \l N L'i I (Ah (1Lf'' 1 11 4M Ctlii ilt SI It II) i'ii aICCN0.~ i15\dN tI L( it ' 

I OS i 1111Ile ILtl I)'I s lL. o, IIe IIIlg ltIi-I1C M s i l M ld t a I I-1 ' l'd l b 

liS ilt l j ((5 /110 ll d 1,111iN Stiltlia IoIL'SA lat illiA I5 an o l-I( (*iI 

life ' /\0I rCaIMi (ountI)C~rics, [t sNrhICIIIIC4IICIILAI l s111l tlialliltj)Cl. 

I HII fat ot], It.- 101;11 I)C t ilil" lIC %, IC II I1;Nr loxiu nl'i lttI0 lO l 1 
N1. IillihcLIts.it il' \'cas 

IS. 111 l 1\ri. 1!1L S-1) \ R N , A[rsc LI iI I IIg I1)1(.se IL- 11il J, o I ( , ( , III c il her 

tlioii (*~!sAIL \\liii ', I 1 I(StolIW SjLTIb)iCtild N11114411a 1 tIm o24l tis S1111ll Owlii strics' 
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vids maur locations \crc 2700 i, ha or 2K\ Cooperation wit CI M M YT 
17 BI I and 2 0) kg ha cach lot2KX-89 and
 
2KN-9)7. comnparcd to 2200 kg 
 lloI tiltI. lilt' tle primary o*jcctivc of I'R ISA I's prograi in
hni\ ll-,TcdCd ,i\aI let-\ ill lie trial (51 )X- \,.\cxco has hcen to dc\clop high-altitude cold

13513 \ id(led \%Ll (27(0(0 kg haL).Ii tolrani sorghul\.rietiCs with good grainl Ltalil
,dh itiou to lillCt* \ iuid ptnUltMllit'se tIic' i\ lor tortillas. A sccoti.ar ohiccti\c that has
iit'\\. \\hi.-. alt c hlttcl
d,.d , iLiics ha;, CUll'ii'r is illp Urovcmll nt of'T Iin r ClInt\UII's 

gl~lill u llkt\.iill,ktIlilll 1oC accptilhlC 101 geieti c illaetIal adapted Itoth, ..w ald iltcr-lle100td Ittl \ "MIL!hlllnlhf\hlu[d (1\ -02.1 dia.ll-M,l 1t011. clu\;lti lsof Ilatil .,\mur-il.
 

I il1I I I iitlI tld illt', tlil \\,%t
it 300(1k It'e high sct Ill 198) the Intt.rniatil,i:I ('old- olcralintha. innlghllll (1('1AN)was
Adaptatioin Nurscr 
.\ iiinc)r l0I cit't\ bl'd lk \ICrC' gr o ill\ ill llo 
 MIexico. (itlitcimalI. Salvad . Ictlactiitctc, ;it ku'\ tIliui lottiols. ml'iuiisuili
sal- tor. 
 oli\ia. ('anada. KcIl. Icsitihi,Il.R'MIida.


1Lt'lLs \\ It'lt'itnilit'd f0 IWlurtLr tuslillg. Itliopia. Nepal.and L 
 ini. Resiutsw\cr ava ila
hc oil\ froti Mexicolnd [citlairat lie lihtle oInlternarinal trials. \ iitnnht'l of int(dnatoMil picpItion of1this rcpotl.'tLl f 15 selections tested
to1;1l 110ll I( 'RIS\ I (t'Citcl id I .a, A& I iN ICxWO,. il' higiest .'ilding lie wasI iitmit\ illdt l'll ('o.\SAI'llidic .its \\clc 7 13IPI y\ielding 5S5(Skg hl gra ii,compa rcd 

.'dI V,I\ta ,ilt Ihlig *IIit'ItiL, O('-)-3 x Mili -200-,(kg Inha for t1' hlowc.st *ilcdifi linc.
iai cli\t, -2 (('-35-) I I tile(1l15)-
 Icidor. 70B1121 \Sa.s Ililhst \icider(212()
IS,R(([-19S 2-1. lmidI R-10 
 S-l(lt.)-4-
I. kgeha). gi\ing ocr 7 tilics tIc yield (11the lowcst
S 1.
fi1n I('kISA I ('ntclr -good pil I- -,tding lin.A 
i'ld trial %\ith sclected lincs \as 

lulILltt',0 1zil tt) l lit'1iiipiot'd hitt'iAik Ctriiid ttt tFH Iatiii (high l'ltion)in \Icx
att it' C. ts t'\ldl 01 hcrl t (1 ,lect oil \'Cm le ldaptat ofito to 1ttfv olln 'ld-tlilaiti lilies

lllad( in si01lttll iitalt iidll,, he 1tilized in th lil 1toscct gcnot ipus lotthe clossiig prtograimn
hitcciliii piIo;i , ll. and fotliitirc ol-h~illil tests illNICxiC \oith the 

iittioiial ploglill. Ilhc iigicst yichlinui itc
\aricll dtchyt'h)mlen life 
 '+,cgI latilg Illatt- allnoti tii Cmlit citrics \kas 7011,1 PI5, with a
I ;l,,odli \td Ii in;iddiptd \ lowicl %ill
Wies o\c icId o 515( kg ha, ;ahoul m\\ic that ol the
(l' pI s'\\it 'it' t'clicit iAl and
ihui.2;i hoscst \iclinte ]inc.

Ioi1 o1l' l
Si'iI,',i'h'd
iI', intht' I ,Uliei;i- Ircdiiig fou +-lIlvl atrllit\ (4 lonths) is an
1101l ;Ippot'a dI t h'tlll l "hth. ,lld \illl
s;11lt 
 tp i l ilspccl ()fo itsolghitill inploVcllicnl
he ,l'\alnlat'i itiicplial'cd \icLid iiials it No)or pligralln lot tiichuighc+t altitudes (200(0 lilt
tilit'' hocattoi, Ill 9IM . Sctl'ttLd I ogti,.cs ill lIllitilnic, hct\ut'tn ))0and 40"N). Ihi pt'digr e 

itdi et'iit''litl1ill'i, hIl\huttctt' glllil Ltillit\ illi d s hcciiat adhtoptc Ilor dlha ling poltllis
t\pt', "iillllutit iICN.t1o local it t)p trosscs \6111i good ;IglloinUic tralts. 

IIo,.\c\ct. to facilitate lic hcst iitiliatiittl of the 
fiatcrlal issciildc h\ the proti.ut, poplationls
 

I';liopia 
 a\e crltedhl Cett toinciloprutc ii 'Side taltgc ofSu Il,,MtuC lll\t'Old
, -tt0urlnt urlllp la sin. l c
Ill 19)i \C t' 1(1' s lt'ngtIlcntd our links \%itll Il; ( id-Iolciatlit PiipulItii (I( IP) l hitstlt Itlulofu;ll S'ightiiii Ittlptoetcli t IPoleet. Itcti heCi lcsplChutl tiO iCl'le +S;alll'.lcra
I hutuC \.tit' t-'\.illgL's oLh Ullplisill. p llticl - %\illhe uticlsed to iatioillll p trlgtills contu rncedhi l lo
soig llil. I lie Ithilu in SoighLillll %\fill ct'o-titcl;inl \\sork il highla dilutations.
I I oI''Citt I'(i Jttt plrtlicipitt' inltCstlngse . I lit ptilpililti itmhmsi Iiattill tillcd lot use as
1t I I( R IS A I',, uon trialIs and iiii1- hiintal Itoini
i tt'li ual s itt \cl\ Imo, Ircuuicity oi lflrown,
stt's Aului Iul!i'ilii \ilrict\ antd Ihybril Iigh-n tl n 
 olllngrlits afill alhigh IfrcTlcncyf\Vitrc
\ithld t aIS oils w itlc graills. 

http:proti.ut
http:ogti,.cs
http:hlowc.st
http:sccoti.ar
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(hood grain quality lot mIaking torltillas is an 

iml'rtant conideration in the breeding plO-

grain. I raits that arc considered important to 

gnriin quality are mold rsistaince., spiotitig res-

islice oltil tieliaicle, iti\ tatin and phctol 

Conteit. \ iticolis seed. anl good cookiii qual-

it\. IVarl svhitC. round. hold sCds aie chiactr-
isti + ,, us e d I l r fie hlds c 'It+'li t ln , 

Ilhcrc has bcCi excellent cooetltit'l betwcen 

IKRI\ I and M.exic's naltinal progriri at 

Institute Naciotal tdc Imustigaciotes Agricolas 

(INI.\) grain qllality lihotatoiv \\itlt regard to 

gin qualit , tork. lood quality sollhtini lines 

suitahle ft making good itillas hi\e nm beetn 

identified and arc being Ifuther ilproxtd \vith 

the ctooperlitio of INlA. 

Cooperation with ICAR DA 

Ilic joint l'RIS:.\ l I(.'.RI).\ chickpca 

resCiOch pi grgai cottitel at *.\lelot x,itll the 

priiLpaIl Obictix Oif itipio\ing the kaluli Ii pc, 

tot \\Cst .\sla. tile I cd\1 clriateil recioni. and 

So,.th antI ( 'ilal \iucrIlci. lIC l(lR IS\ I 

br.dcl a: Jhpptva, assistcd h it pathologist 

and aln cn tomliologist IrTom l( RIS.\ I (enter fot 

tile miaior palt of tile 1980l grtug secasonl. 

Major etnphasILis CotinuCd otl the dcxncip-

tllnt Of cold-tolerlatll CtltiS \t .,ietanc toT 

al,coclivia blighlit f l ia llctr si \inig. as schIi cul-

ls ars slosT\s SlbsliiiaIl xl il all Cti\iigc 

spring sos\ll illtii al. ItIcot piratiolt of ascii-

chista bight I"sista nc Iito spriig-sotl cilti-

,ars \was also attemipted, it', iilr slr.cs lia\ 

I'C.alCd sihstanttial ossCs (TIc to this paliMgetiO 

in the sprlitie crop). I )eseloIneint Of all typ.s ft 

mcchanical hiatscstine itid increased seed Si/c 

fr souilirtcl I lropc and South and (Centril 

.AInicL citttlinlCd its sil',idir ib,.ctiCs sfIll 

It ternationl trials. I)inig the I'M81) Sl cilip 

sCar. 256 sets tif I) dufet cii nrtrseries sswte fur-

tished to 25 countitrics. l the ( 'hick pea Iteria

tional Yield I rial - Witcl (IY I-W) Iicaisd 

\iClds \.crc (f)' hiui.r tllt those in (IAY I-

Spling itis ii licat ion,. IlluIstratitng the potential 

fto trlcl smiiiC in the M,.iditerra cai rcegitn. 

Sitmie entries cxccded the vield of the local 

check at most locations (Table 3). Ilowevcr, at 

New e)lhi the loc',I check was much superior, 

indicating potr adaptatiot of culitars Irot the 

NIC(litCitiniill Iii to Noith Indiaii condirgiiOi 

ticil. lieciltilal 1.('-482 rCOi.Cded tile highest 

iili vicll (2M)2 kg ht), lollomcd by II (-241) 

and II(-484. lall itpe_, pi noiced lo\\w viells 
(ha ll c o l ,Clitio n a l t yp es . C ol ml p le te d a ta tir o ni 

the illtcrnatiotnal ntllrsries \\i61 he reported 

separatiely 
Nineteen cultia rs that ha\c hei performing 

\\ll in inicinational trials ,iiice 1)77 78ait lit)\\ 

being tested in otil-lailtlitol iltllilocation t rials in 

eight national proglalls lor their suitability for 

contiitrcial ctiltiation. 

Resistan"c to ascoclh)l iblight. let xxcct I977 

antid i981,. 3367 kalt li indil1)15 desi gcm plasm 

accessions otil theiW .ARI),\ and I(RISAI 

colctiotis lai\C een scretic+d al IC llad'a for 

iesistalice to ascoclihta Nliel. I ,cnl-t\tmo 

kaiuli and 131 desi accessions haC l. n found 

resistant. 
Most of the kahuli rcsistant lines ori.iitd 

Ifrmtie I SR. turkcx. Iall. anl Afehinaistan. 

tle aras beli\,d to be tile ceite'r of origiti o 

chickpea. \lost of tilt: dsi resistalnt linues orii

niated ftain Irain. India, I urkc. and Pakistan 

and \\.crc found to be the black sCCd type 

Ill itrniitintl ttiseries conducted since 

i978 79. fixe lines (l1 (-72. -191. -238). -2956. 

atid -3279) lia\c sio\\ii resistiItice acoss loca

litins aitd ,ils. and others hake IltI resislait It 

iid.is dual locaiitions. 
We li;.c ;list) obsCl\Cd that dilclt.rtce, ill pod 

damtage ill I cl Ila id'a is sipniticait aind that it is 

lisitiscl, corrclatcd sxitl plant dalliage in Illr

kc\I 0)92. lP 0.)11itlandPkistatn (ir-(.75.1 '. 
). \shich ciiitrildicts the hlvpoticsis of racc 

spccilicit, and suggcsts the possibility iif select

itig it I cl I adIa ftr tate rial resistant ini areas 

\x CrC Cpidetnics arc ntie sexCtc. 

Bree'ding Air spring soy in,. While aiiclyta 

hlight appCars t be t e sc\CC in \\iter-sown 

chickpca. surs es indicate that it is alsoa tlajtr 

cause of cr101 loss in the spririg-si\ii crop. 

F., to Il populaliotis \ith tesistance to .. tio



Table 3. Seed yields (kg/ha) and ranks of selected entries in ICARDA's (IYT-W. 1980/81. 

ntry II(-72! 11C-202 "_ I." 2. II '-4 2 1 C -4 1I.('-3...-k . I 1.: 1 .an0"11 

Cyprus
Nic. ia Y 

R 
2 

20 
:14:3 

13 

73 

6 
546 

2 
-1!9: 

5 
22-1 

19 
8,7'5 
11 

56.2 394 28.7 

Ismal 

Ind ia 
New D)elhi 

I )anon 
U 

Ter,,, 

Y 
R 

Y 
R 

Y\ 

R 
Y 
R 

861 
18 

1677 
7 

715 

12 
1781 

12 

1035 
15 

1010 
19 

634 
17 

1793 
10 

2167 
1 

1773 
6 

1226 

1 
2654 

1 

1792 
2 

1805 
4 

633 
8 

2354 
2 

1:306 
8 

1669 
8 

92:3 

6 
1929 

7 

917 
16 

1286 
15 

619 

18 
1988 

5 

1160 
14 

2635 
1 

584 

19 
1626 

17 

205.3 

203.9 

104.2 

87.6 

1244 

1560 

807 

1864 

33.2 

26.3 

26.0 

9.5 

•Jinderis 

Itattakia 

Tel tIadva 

Turkey
1)iylai)lkir 

.Jordan 

Marrow 

Greece 
L;irisa 

Libya
EI-Safsaf 

Mean 

Y 
R 
Y 
R 
Y 

R 

Y 

-od 

Y 
R 

Y 

R 

Y 
i 
Y 
R 

2344 
18 

3266 
7 

2058 

12 

3005 

12 

1355 
19 

3302 

14 

1170 

17 
1813 

16 

2348 
17 

2889 
1t 

2152 

9 

2647 

18 

1645 
12 

3010 

18 

1440 

9 
1746 

19 

:3762 
:3 

3452 
5 
0 

19 

3662 

1 

1:372 
17 

4070 

1 

1640 

3 
2:386 

2 

4302 
1 

3406 
6 

2490 

3 

3641 

2 

211$ 
4 

4063 

2 

1478 

7 
2402 

1 

40i1 
2 

4257 
1 

3118 

1 

3134 

7 

2154 
3 

:3354 

13 

1939 

1 
2358 

3 

2777 
12 

:3706 
3 

2488 

4 

2783 

17 

1954 
6 

3164 

17 

942 
18 

1904 
10 

3473 
4 
0 

20 
0 

19 

2583 

19 

1418 
16 

1169 

20 

306.8 

209.1 

112.7 

111.9 

262.0 

217.5 

126.4 

2913 

2826 

2137 

3030 

1731 

3359 

1399 

21.2 

14.9 

10.5 

7.4 

30.4 

13.0 

18.2 

a. Tall type. 
5. Conventional type.
 
AUB :American University- at Beirut: Y:Yield (kg/ha); R=Rank.
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arc hcing,advainced for inrthl tests in 

I ,)X
82. 

liinitial c\aluatioi n1ial,, 20.3 ol 239() F,al 
.,-i4cic atioi Ii cs t I cl lladia. and IIi()ol 
246.)at I i hol. , t c ,,sinhi i tl\iuhci icl in 
than IllC h ,tL'Iic'k I 11Ch ,t iics,, ih'Idcu .('; 
ittic hi tht ioc;ii chc.k. \litIn . 2(7 ic, ill 

Icjliicatcd ict., t\%)at I ciI lIiidi i and cighi t at 
Kh iai ic ,iilincaiitiv, t'hl,,tianlittiaii gas iici 
lOCal chcck, tlht i is ic linc', h1 'I i il \1ill 
iLc'lndt'd in int i ati als niiiC] tli i ii l ,82. 

.A\lltillp,~(11)t 1111C.", ill p l]Imit+lm I llil" il Id l 

-i6 il it ail',Iti lladsa 
atld IlcI l. lilit'C \\Ctt',,sillic'lllt itt scidl-
illthall 1t' SsIIall I O ajtlhidacc 

Ilatds Ond a(dsTic at 

Blrttling for etd ,i,,. \\' iiadt .> cC'lOS, to 

Cto ihIL' CXtia l:iICc tcc'dSit (4I0 1 I() "t'td ) 
la
ssith i h \ct iti Mid c.,l,.tAilt. to, i 't\'hi 

,ti %itti 

hiilkcti til uMlica tcitl aiii IIIth IIWK ao2 

ill bl tlic ni ,,lt'tic, . 1 . and 243 

N ight, li -ltil Iitt i n + 1tt llt \tn'rt' 

oI 712 I 122 

lBreeding for wintr so,ing. In 198(0 1,\\,c 
swccncd 73 I and 115 I.,piopulltlNo-. JI)I-, 

anl 1151 h"popt11itiolts and pionics. anld i'94 
l" adtl412 1+ 'tlHnicL hliIIh, lt, 1I)i0 acii'ti' Ia 
v, itiic' at ICI llai\d . I iiict1iai ; Cd h\ i lait 

I , nit thi t k l it,li \\ .\ Iill \C' C iit.tLd. 
IctiL :1l1tO ILAii t 11t0 ' ti illl )lt' I', c0 i't11l 

illt tult[ iit al1tt 11tc illc1jitixt\. 1ii01\6ntc] ,,i\\
inc. \c hac sAcct'd 594),,ngih plants amd 91) 
hlkcd p olctCni"hl it tit'i . "..tIIIc. 

Il anl,lgiilt,'itt'td Ii al oll 1. 1-, and ;- prog-
CHI',, M \t-IIlc' 11I6101111, 1."',,latlt 10+ .+'N O'+-IM 


1,l1ra. llid( Lt'dt' lt' sicli oi II ( '--X2 hV 
lgnuc n iicn', (laIal '-4). 

Brtt'ding fur tal plant I)tlis. \Vt hla\c
 

a,,,,ttihid niotic than 3) taillpcs. 'oic ol 

5hit iil 1l h ,t,,iltci's ol lt',is"alltt to -too-

c]IIII. lla itX Xl spq)it lilt) :!:A 0l ,ixtail, l\\o 
-
i l, Cilil lt pct's 1t1polia ;111(1 M01i al t.\ ill I 

iWiahtiit di,,itics, (31 and 511plani, in'). \ ids 

\t'lt inc'cu,'L h\ chiou Sp;icing, hut dilltictic , 
,,


F',IMHt+Io-M ",. I W IMIl+ 011 L'I[tO++,L' \C+It..'",1l1all.\M-'C1I 1 ' '11v Illtl ,1cS 

\C'c1dCntiIL'(lIt m th11htikt I1IIUtC'c'[M riMo- 5). ,t10ti lIIV\ 101 ,vCai,, 111C" 
Fll'tI 1:tioul I thl ,,N0I l111 

11 I ahlv Ill til,+' 

tth sititis oi tall \\c1c ihi\scring a, Ii hulk,, illt' l-,.c'i.ttli. l th and n1hidtll tklt's 

hls and .I (if i% ii llr niet's leIlIladl.hlh 4. Seed jt, A ,'ou'hl:'u rtuimtiini(lll st 10 inlt'r-,,i i at ,1980lt/8l. 

- ''11..tth , i,, -, \1' , l, 

Itw ,II . ,l;t1 Ivi. 
111h ' : -.) .2I ,,,' lit IVII.A' 11., Fl 1171 

+ 

111i :2 21 

S.1 '7 .1 77 t7 t 3 

1 
I , L ' . I , , ; ;:1502 2 :1 , 

II ' F t , I.-ii2 :1 :1 31 

I3 I1 3N. 23A3 

+
 
, ' v' i,ll c,'ihvuhiteud, iltsIiil'g(,l v. lris w tvl~ll.ilhd byx: 11 li'l ",'l wt, w iurv lillli -irsd'l 


so w Ia.ll'l\h l 



------ 

TI'Ih 5. Seed yieds of 1111. InidtItl, lmnd Coll caltio I Ihain those of tile Conventonal types at both 
ypte III ormil (33 p)Ilhmllll) ind close pliacing (5s plcings 

llhmls/1n2) at1Til lhadya (uri( tihe +hnt se:,son Irf l-iftv Crosses (f' tall x Conventional, tall x tall. 
ItX0/X 1. Ind (tall x conventional) x tall w,'ere made in1a1n 

alttempt to improve tie yield potential of' tall 
,,1' YYi. l1IL 11 types.ithi~t 12i ,+ll; ll 'llT'U<'. p1 du it 

{;Ii i ()un-firn triauls. lhcis trials. Jointly rim by 
I.7" 2-,1 I IWARDI)A nd the )irectorate of ,Agricultural

' in,,l 2 ,5 102 Research. Ministry of Agriunlttrind Agrair in 
Relorm. Syria, continuied l'(r ; 2nd year in 

I M ItiI ,I .t 1980 81. As in11979 80, IL.('-482 mnaintained its 
Stuhtl,,l I.I.It stperior performanicc relati'e to Syrian lLocal 

(1 ables 6 and 7).
\l m , (i 2.7 This cming seison ll.('-482 will hesown dlr

ing the wint er it 30- and 45-cm-row spacings. 

Tiihh 0. Seed ields, (kg/liw) of cltirrs sown during Mitler 1ii(1 spring of 1980/81 oin fiarners' fields murii ail 
e\;eri ent l il milsii S)rhi. 

I+ II 1 'I'y i i ilt 
H;l!+lI1, 'l 1,s2 ... v-t. I ttl' tt.(' ,152I ,553.'Ii. l 

' 

l, L l 'H pl' lii Ii 
 ;:158l 

II," Ii'SlI 1n 
I / ri'' 798 11
 

II, , . j , t t, 70:1 0 
 .15 0 
i,5 I I-lP 1t 77'1 897 

Ik.1Ir "Itrl 2175 i 1978 728 

1"hl,1 i2(,:1 5.17 I6It I.1:18 

MZ'1i IIIl I I 1:12 .57 3Mli) '101 
I, ;., 2i1W 1212 8!1(7

* 2.2_il, I0 1,+ ,7 
. 'K12 i 4115 2783 

A 1 ; ii I2;11 I IllI I 1:138 I I i 
!,02 ( 8 2. ' , 

I r '2271; 811 (1 
N.111 A lit .... '7; 512 1i"1 177 
T .I I I , 2 :1 :1 7 i l i t 2 

I.;t I.1ii 1hl7.lli 0,51179 1 13 1 1 
\l '+ n1 7 2 .1 '17 9 ! 9 8 3; 7 ! IS 

(I. Ik x pi jIrll .. Il :-lal li llt 
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aindl tils ul'.tivil. and Syn I ocI wil e 
planted in the spring at 45-cl splcing at II 
research stationls and oil 10 fillillers, iels. 
AssiumlingI I.C-llh2 ii its yie ld 
i\ iinl hese' I als and Illat itics Iti l l itCili

chl*a Might is aIii8tt2k m'llilIai n d,.. 1 Is( 

cxpected Ilha Itiinai ' hie elcised b\y fle , all 

( oeiClnn (1 cOiInClit I i s itIcill in S\I li 
bv ie end i the 1981 82 se sill. 

Protein ct(,lent nid col ki lime. I he priocin 

COllillt o g lplii iCCssio'llS 1iliiTd tlolll 

10.0 1 i24.,N' i.li d Cilokin1itle lillicd (loin55 
tol 1 5 ili tl s. I )c,,lsi p' l- took signilicill\'h155s 
COllkIl2 01110t 11h1011 kiblhil lVpt's, itlld sl~lll-

se'ded kaiuhli .\pes took Niniiihc'inllvIless tllin 

intell.(liMtC Ard li i e Ieil\pt's I he 19i 
silics ill lthe ;illlL* Iil's took ln.ivc It)lcook 

th;n h S() to 17(1ini). \Vhclhrli9te s iliglcs (0) 

this \\it, I ,Stel Mlil oir stolll eflccl hil 

ini\ est ialc l. 

lcI o k ls s lt esOf hIIK1llLlll l sIibld I)l 21 lk-

pea lik1s dos n 1At iolef))\%eie 20(' less thijitl 

tlltls' Ill ie e 1iilClu nderis. llnllLICIlit liiilAn1 
Ilad~k i 1ILS urlg lItlim lledIi lt'. I'oil'i Colli-rl 

Ictlls \\elc htieht lstill salliple5 Ilolll Il llnvd ,i 

I( 5 hmlt iS~esti is ( 17.27 ).and l 1 .linille 

IrainingFellowships and 
raa I l I/ [ \ Id d 1 s i lC l Ol)l j~ -Irinill prhgr~~2illsb pricdel irs.irliii ppoirtllln

ilics, thesis rescarch ploblelis, and plactical 

CeXpeli lC'l to ii ,%hOo111lUurilists i inituCsted 
Ill MlCrM IlSC (nl d jl'Od{LIC, 1011 Ill ite l'illt'd Sl-111-

Mrid ti01)picS. DI lln 11 hi I -- \till it'pOul pt'Ciod. 

I\o gllups, otlte oo 47 and(. the otlhcr oIl 03 iII-

s it.\ice tlilltes, Coomipleted a (-Iolloillh ptol1llt 
ill c r l l lill p i m ll iclltl l , 'l l p p l o d l t io ll , I l lm ill.1 ' 

s\'stetll.S,It.se cl h Illchiiod(s, and extenisionio tcch-

lles. litccn sh ll-te l pvIgliilM S \\'I' Coll-

,.lctcl. Ssltic'h itciI cd a tisitiCs i litiost ill 
Mid 

tcchiliciats I l11 12 c MMliC C(il tllclcd itthi-
sidtali/cd Ir itiii pim iiills I lable X). 

Nit' illtI i1ItilliIl iiteits cottlit i ll o(s k ill 

olur sotgliti l hicediig ( I !ppcr VOlta . peail 

Millct breed Itig. gt ollid 1tlt ph\silology. p lse 

i MI's ll Iet Li I tCh.A\ t(lill 1 1 6 tit lists atid 

vhrohlg\, grloUdilit s irolog. inillct inicrohiol-

Table 7. Mean prforniinct, of 11.(-482 anoliiyi 

L cld rn itrw dsro i am r'fed n 

lat c~pIrioienI %litionsinnSlri , 1979-81 

,I[.' A82 1 1 Ith(' 18 1n I 

I !T! I IS;W/ 118S, 

I S') 8l 172 1 1 i2 7ilM
 

'St* ii-(82 7.1 I 983 sIi 

1 A\, . I I S .ii ,i. 
t, \l , 21,
 
-


libe H. (ai s lind number of i)iirtieipafits who 
cI'iiii)Ietd(l(IIl T's Triuing lPrograi in l18)/81l. 

i, l ir 5 N ii Ir iti ll 

A l i .i 

IIi lu ,,1 

i-o11 

ii1 3i.\ 
I /1'iI :1 

2,8 

ill'l li ' litli . o p 

l , r 1II1 
Ili tI illo( 7 

,iih l I 

t,, 3 

34:1 

iII 3Il,,, 
ItI 

,limll I 

Irtli 1
 
I,.,;I 12
 

',( 

I 
9i
 

\tiolliomiIno 3
 

%,.xI, ", I
 
2 

o(tlinued 
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Table 8 ('8oinued plasm, and reconmendations for degree 
training.
 

Ne'lml1
N h1r ds
 

N igr Workshops, Conferences, 
Nio2 and Seminars 
I'Il hi|III ItI 

RwI -l I "'rainiing/laniiliarization Workshop for FAOI Project Staff. At the request off!-'AO, a work
.",ltIl 10 
 shop was designed to familiari/e their field pro

18 ject stall with the l('RISA F program and 
Sild n 8 research results. It was 'elt t!iat this wouli enable 

t'/:in l5 stafl to become effective inrt";'ing practical 
Th)l inlormation lor the benefi: of countries in which 

they were posted. lhirty-flotr participants 
[I r \',tli 11 attended this workshop from (ito 20 September 
I'K 1980, at ICRISAT Center. 
I'SA 

Zi7lih, v,
I Iinternalional Workshop oniGroundnus. Tihe 
.. 
 . . . first workshop on groundnts organi/ed by',6 
 ICR ISAT was held from 13 to 17 October 1980. 

There were 38 participants f'rom 20 coountries. 
The proccedings of the %%orkshop.as well as tihe 
abstracts produced in Flnglish and Irench in a 

og', lillling systems, and pigcolpea brec(ling separate ',)lnc,are aviilable foil formation 
pr grallis. Services, 1R ISAr. 

Fight research fellows are associated with 
sorghtim pathology, groirtidntit patiol ogy and InternationalI Workshop oin Pigeonpeas. The 
physiology, chickpea breeding. pulse nicroihll- Indian CoUcil of Agricultural Research 
ogy, illd filll niahhierV. (ICAR) and I('RISAI joitly organized this 

Six research scholars 1h;\u thesis research workshop at IRISAT ('enter 'ron 15 to 19 
problcinms in sorgiln1 hucmbeeding, millet breeding. I)ecember 198 ). [hcre were 220 participants
pgcoipea br-ding and pathology, chickpea from 17 countries. lhe criflque an( synhthesis,
breedlig, crloling s'stcsil., I ily.)', lindand prepared by several enliliit scientists in a plain
\ater ill inagenleilt, soil fertility, lgrOctlllatol- nilng session, will l'lni the hasis of future 
oly . "ocioCtoioI IllIcs., ard groi dinut research ol pigcotipetas by ICRISAT. 
iini crobilgy. The proceed irgs were puhblished il two 

Ihirteen in-ser\icc trainees Irolil sevell cotll- volinles ai'd are available 'romlnfornationi 
tries areitit icipat itig in chickipca. pigeonpea, Services. ICR ISA. 
sorgtlihul, ard pearl millet training proigralis. 
Also ulnder wav isa speciall/ ed scries of tra inirg Ilnternalional Workshop on liological Nitrogen 
programns for small grollps of scientists ro1 l i iaton Technoilog for iropical Agriculture.
In(ia, who will assist il increasing thl allioulit of [his workshop jointly sponsored by CIAT, the 
rilli.y-seasnn croppiing ill deep Vclrtisol University of hawaii NiIIAI. Projei, and 
\aelrshedts with assured railflall. ICR ISAT, was held f'rom 9 to 13 March 1981, at 

lollowup of' Iornlertralinees las resulted inll the Centro International de Agricutura Tropi
intreCaseCd requtls f10oradvice, literature, geri- cal (('IAT). Call, ('olombia, and was attended 
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iUf. Ifisbv 11) delegates frm 39) contries. Ihe work-	 Surghum in the lOihtics,. S, h 

pohlished hy ('IAT. sympolsittm \\'its held at 	 IC'IISAT ('cuter, 2-7shop proceedinlhgs \, ill be 
Novembher 198I1.Ioint ly spnisoeed by tie Indi i 

,4u Workshop. Iis Coimicil of Agri'tIltural Rescar'hiICAR). theSecond Interintional . ' 
and ISA.lI) litle \il (Collahorat e Res'earh Supworkshlop \wis jointly sponsrI'd b, II)R(' 

Upper polrt PrograitI on Sorgltl and Millel
IIRISA I and \,as held itn ()uagadougoi. 

Volta, lroili5to 8 Octobcr 191. It wasattendeld (IN ISol NI Ill). and I(RISA I. the Symposiutill 

and \ws attended hy 245 scientists firomn six
by 31) participants 	 litrn both dc"elopiing 

()ne s dcsotd to a continents.des\Clopld nations. lav sdsiy 

held \ isit. \k hich helced Ihc paIrticip Ills front the I lie proecediuigs, which are in press. ', ill con

deseoped nations understa'ind the eeriiv O the lait review.s tt sorghm rseuarIch dtirin the se\

t he in-houls discussions cetelrcd entices and projections on re"Calch priorities forproblemi. 
InformIla~irOnnd varliolus laborlutors - and lIcld-screning thle eighties. and will he availale~ froml 

. in tlte 1982.tCCinii+UeS to idenltil tile r.,1,istiIIt c'iltisat. 	 ti n Services. l(lR ISA 

breed in, to ,trtnetht.ln reSistanc oIILto transfCr
 
\arious WVorkshop )n Interfaces betheen Agrictulturet,
it to clite gionoinic Ickjitunl. ;ili( 

tic pt;itcs Io iIllCI ItC .,ra dalllage. Nutrition, and lood Sciences. I his wor kshop 

tihe , oi k,iop)rc'it11nhidetL siteitlie1thinm gfl jointl, sponsored hy the U nited Nations Ititi\ci
tthe bieditu prorlaill, etting tip conple'mnCHIC- sitV (I N). ICR IlS\ I. the NationalIilwtittite 

tiv l\ Mirne sNsIcnIS research tOp'\lo I c alt I t Ia- Nutrition (NIN). aitd the Centriial Food Ieclino

tise a co t and raising the logicil lewearch Imstitut (Cl I RI). ,ss lheld itsvs of rolline. N,1nQ.,. 
., Nosetiber 1981. Idollrs' nCrl;il l 	 u' -,ieul tl toef .(ir +, pi oblcitn I Ivdcrabad. I10-12 I lel inaugo-

Ill ill plh s'is,, lie procedings ol tIe rIulsesio is,,sltt s the sciemtitic,sessions for the 
it I(I.{ISAl Cter, andworkslhop \ill be published iii 19S2 	 IirSt t\.0 divs s.re held 


th c coicld ing,sessions on the last lis ere" lihI
 

Sorghum (Grain Qualit. S)1.nposiIIIhn. I lie it NIN. About I) scintists Itron Inlia. Iungl-

ILanka drawn Irnill riousI'S,,\Il) I ite Nil o'hlr:iis R,;Cach .Sup- dtesti. Nepal. atnd .Srt 

Peal] Millet disciplies,. such is agliculturc. biocltcnistr.s,pot l'rogra;il on Sorlilin and 

(IN ISOR NIII. ICRISA I. and (AR jointl. nicdiciic. loodsCiL'IICC. nt'itiin. hool technol

'-,p oll',td this international s tllipostitIlll at opv, aitiititratioii. 5.olntiu lr\ agencies,. cCo

non.", consulicr cliitics. and cdlucation.IRISA I (''itet.28-31 )ctober 198IaXacoin-	 
paiuit . , p-	 ptl itcipitud inl the delibera.i.l, Ilie prtucCud 

ins of thle svrkshop wvill he asailahle in late
sitii. Se.,iitv scientists fromt IX coiurtries 


palmticiated. lie prtocee0-Jdings ol the sv't)ionnSillll 1982.
 

;tIe as.tiIlabe roilln Inf alion Sr.ic's .,
 

I(R'lS. I. InternationnllIWo(rkshol) on Ieliothis MI anage-
Ient. hi s kkorksliop \w, held from 15 to 21) 

wasSN1IIC Ao,(Irkshop "MNIee. in g lie I srse Noiember 1981 at I(RI SA I (enler. and 

Needs." I Ile So.01ihtum and Millcts InflormlItion attended by 55 scientists Irom 12 conttries. [he 

(enter (SNIIC) at IRISA I. a spelial project lruclitngs ol this workshop \will be available 

fLnddt h IIW)R. Canada. hlhd this \wrkslop froit Iiloriatiotn Serviccs. IRISA .I, in lite 

onit 31 October 1981. Its objtlic \'%stlo cer- 1982.
 

nseflncss oS the scientific
tmiin the 	 oll I(I to 
a.ncoI tini1iiM v it ser\cs uId Ito recolliie.inl stcps iheld (Iii)". 1l I i' a Pl ti itiiit lotr 

Iidian breediers to see IR /ISAIrsearch andrCLuiiCl Ii, intpiro ind aupnteit lhose sevics. 

trome\% select Inlateriul for liiher trial,, tihe solghtllPloccedingpol the' rluop are as ailable 

SM IC'. Lih ilrr a I td)ocumiientation Services, aind peail nillt plogIllis orgalli/c field days 

rci year.L Ili 19)8101.Ihout 5( scientists fromIU(R I.SA , 

http:trtnetht.ln
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aII I, er India and onC fron Senecgal parlticiplteid 
in sotgliiltu field days Irtnl 29 to 3f0 SCptImbCr 
198( at I('R ISA I (CntCl. Ihte peail ImillCt pIro-
grain conducted three held da\,,: 24 August 1981 
at 	 I1h\;iIaliglar for 
India. 9-f) Slte.cr 
,uiLti,,t,, Ii l AIo..\ 
14-16 Scptt..nhe.r ii 
inutlirun Iidlil. 

,+iIii,,ts front solIlt.n 
at ltal'RISA I (Cetel 
arid .llhirashli,. andi 

IIs,;i for scientists ftotill 

,.\hlit (it) htiti00 r.,itli its 1ies:lcls IromIn\e-
puilh (:\iiirJi li;idtlC',lr ;iid Shilaptr 
r;\ltri,. hl ' I( 'R I.S.\ I's VI*IIi gC-Ie \elC 
Studies arc urit\ ,i, \\etc hioligit togethe'r 
ditll ilt! Scp'cinhei Ctud I )ciulthCr to sC,,ersCarhe 
\\)Ik it l(I( .A.\ I ('enter and oither ,titiols ill 
ihe uIciluho rirr alrea. 

I hiLc Ilickpl'it 
IinI(f itttlILldthd t .' 
S.\I ( 'it ngIItiii 
kll Ii1c'ntist1 

" 

hLTder,, 1t0ro1 itCinistila 
,, h'tnit,' irictiit! it IWR I-
.. i hIclnu\rialu I9SI.I 

0 iiroluernrthirtlia attended 
it il;il lit-i,+ ,i uld I il , iie it 

%it llir\;iii;i \ieltirrlt Il ti ierit .. 11-.1 
\lirClII lNI. I ut sis,\std\ khii ,ilsreed-_ 
itlu t ni,il, iuld e\lenIti i ilt oth 'Ctrl.,tliii \i 
arid hlittc h I tisctilsiolls %itl I( R ISA I t'ici-
ti lt l ',(t'il 1 15ii t Ltl .t4l litihhii fI i iiilIr \. ,
ittCillt tf ,lntkei lie 

teCdnullitillils n I 
"tiltiti, 

\ iIt I IILtIIedr' 

l(lRl.IS \ I Ccntl lrmi 
',Ai, ,AttIIud d bI, at21 	 ituIW 

uIiti ,tis ;alSo sClcted 

1r,L Ill I rCeginlal 


III IIt ore.'ll/cd ill 
7 it,t) )ceulr 1981 
iI hlcd iss At iI , .,tifl 

I R IS \ I anid Ilti\;Ia A itniltuti ; l Iii\ tt.\ 
NI' t irrid;l tcli mTtriii, 1I92ff()todct 198I, 
1tt1eidCd h 1 reIrIS', . (hl' tCpis,.lt;iti\C Of 
tre I nti c,,iI of (O)f etlii ld. AiItM;ila. .\at, at 

0t1 n1,itn ,,ltughI \ itut- N' t il itateiMisil r 
thil os\\ i t rd fItlI tld-tihiite,, tlitIis iitts 

I plodhl- itts f t111itiil rt,'ittrest. 

Visitors, Services 

I)urriI! tie lperiod .lnite 1980(1t )cer IIbIr f981. 
\%Cittracted 1370 .sittors ii 832 grotps,. a\er-
aLing iabout II grollp a ,\\C...s hAlsbfre. OIul 
hi g g,,st In 11ber fl Siitosl \\asof latntct s (4384) 

Mto caIm 1t "CC ou lcIp 1 tllptVellent eXpCIi-

lrents and to get first-hand informaion about 
flile new and improved farming s'stcms tC.hitol-
Ogies being developed by us. On 20 Septemher 
198 1 %%organi/ted at Ialrmners' I)ay, w\'hen about 
155() farIters from In dian states visitcd ICR I-
SA ('enter. 

Pl'otrirlcit \isitors to I'RISA I included a 
riut-opeaUl pailiaientary delegation and the iol
ov, iIIg i'tficials ronit Indian goCrunint agcen-

Ihell nioll Niinister for \griculture, New 
Dalt;r- ]'he ('hi0 of AndlhraliPradesh,l)clli: NIinis ter 

I 	 along mill Ills illii iasteriil Colleagues;the Nlilis
tei for Agriculture, Madha Iradesh: th e Minis
ter lii AgricllIte. I Iar'aai: and the Miister 
fort liles aind (ieology. Iillar. 

Sotlli ol the clentifieand otherl adtinistrator 
\',hitors to I(RI'S.V\I CrC: the )irector (clntral 
of II.('.A Assistitrlt I )irector. Science and letch
it og., lSAI ); the I)irctuor of tile (enetic 
Resources Centre. l1tiopia: ai irti of college 
' ,picdents Washingand chlicclhrs, NAIll(), 
tii I).C.; the Principal SCertr.\ of Agriculture 
ill laln ania: tile Science ,eertar', Nationial 
("OiIClI for Science aind IechtJolog\'. Kcnya: tle 
l)itecior of Kcnia Agriculttiral Research Sta
tion. Kenv\r: six I)irectors of Agricultural 
Resardh Stations in N 1: lrail: I)eprt v Secre
tar. ((IAR. Wasullgtudll: and the FxctntisC 
\'-iee-Pitlentlfto tlie lord Foundation. Iron 
tle d lltor i i s. r-ipi ueselitita ,escattie fromt 
( eli i. ICtlgiuil, aId ()1 )A. [nitlnd. In all, 
aboustt cilitisNt ls ired Ifroim abroad. 

\ teaii Of 1adio jotiialist, of W est (iernian 
Radio Mrid All Iml a< ad io camrite to make I 
doctitelltitl \ on I RISA I. ullch was later 
broadicat ill India and West (Geilltltll . A rC)on-

t o Radio ra nceIitcinll nti l also s tldus 
io tllik c irtt nti t on I(R ISI. [teei

lince joitiilist frotl India and Irotl S\it/cr
atnit aIso \ ,ited tlt Institul. A,,tother 
inIit rlt:lli t loipitt (of Siitrs %is ai parly of oulr

itulists hour des eoping comiries: I tif/aruia,..\n2101il. Milla ,,. Fltliohq , + /Z fnlhia. (illla, 
Ill ldesl,. A glhanlisti. Nepal. Victuant, etc. 
I \o trouips if jotrniulialt associated \ith \ar
i tsn'%,Spapir,, of Raiasitlln aind tlijarat also 

ctl,. 1t) us to report )nf tle achicellteills of 
I('R ISAI 

http:l(lRl.IS
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SUPPORT ACTIVITIES
 

Plant Quarantine 
Export of Plant Material 

I)uring the period under report (.]uie 1980-Dec 
1981,l). 73 796 seed samples of sorghum, pearl 
millet. pigeonpea, chickpea, groul ridul, and 
minor mllets scrc examined and treated at ott r 
lExpo~rt C'ertification Qua)trantine lah.oratory.Alpor Cciticrictn Ouarantine h(hoerne yt
AIMter qua ra tine clearance by the iovernment 
of India plWyttsatitary duthoritics, tItese were
despirtclrcd to scieltilsth and cooperators Inl97 
coutlties ( Iac I I. %lost of the scedl materials 
cotmpriscd bleeding and international itold nut-

setllg agansnurseries1dor 
sclits.st 11tiiticr c f or arid 

dliseases, anri ocriroplasni accessions. ( )thor crop~scxptesldwere .rlla l spl.thlckSil actt.itr/os 

/uu,.q, clentil, nmizc, saitlby,r, a rid stovht.'i l.I'ot(Mr lentl mtal/cfailly anntt~t~tde cuttings
P-our- triidtcd Mind filltv itur1ootedI cuttings of 
.11,ra is sp v 107 ainlplcs ofIfrccle-d ied 

sOrI.)l u I~tl pos(C,dir. 4 samples Of driCL pigeon-

pea flowers and pods, and 86 Rhizohiwn cul
tures of chickpea, pigeonpea, and groundnut 
were also examined in our laboratories and 
exported to 17 countries. 

Import of Plant Material 
We imported II 439 samples of our mandate 

crops and other crops, including minor millets,
.I iosapRh-cavtrltosi spp. Rhrt'hosia spp, .Sesanrunr idipSeinmnf

(tiw, , t:'risvoliiaspp, Phas'coa s spp, nrom37 

co,,ntrics (lable 2) These saripies were relca;s'd 
to us alter examinations by tile quaMantimeau tho ritie s at th e C en tra l Pla n t P rotectio n 

Iraining Institute, llvdeiahad, and the National 
Bureau of*Plant (;erctic Re.ources, New l)elhi. 

Postentry Quarantine 

We raised It) 736 imported seed samples of the 
I('R ISAF iiandate crops in our Postentry Qua-

IibIe I. Plunt imiterials tnports frot .Jime 1981 to December 1981. 
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Table I, Continued. 

Couitry Sor4huiu Ii'inrl %jilct. Iligutonip Chickli(mli Groundnut Minor NIillets Others 

1,iOleriin 2 G; 

MIIIiwi 
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57 

I80 
2,18 

1() 

88 
20 

2(0 

48 5 
15 

1 

M z illi ill [IIw 
N igr 
N i9, ri 
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Tabile !, (Confillild. 

('mt Ilrv SiirglltInt I l's l i %1111t 'igtnlioit It(hi kI)tii (rou lndtititMinor NIilIIs Others 

Till,' A MV' IBI)'AS': 
Ar i lI no 
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Itr ,-il 

'ilII 
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Table 2. Plant materials imports from June 1980 to December 1981. 

( ()iitygh u I'tirl %Mil't Ilig,4np, h (hij'kpt'ii (;riundnut Milnr Milh(s ()thcrM 
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Statistics Unit 
The Statistics Unit is a service unit to all ICRI

.... ....
 SAT scientists. W hen tilestatistician travels to 
tile coopcra tive programs, liealso provides con

",7 
 sutiltancv services to national scientists. The ,... 
 nit inber of reqtln tests for ad vice on field and labor
i torv experimental designs and data processing

in scientists during the year averaged approx
,iately 50 per month and ranged from detailed 
sltudics ol tihe eliciency of different designs to 
rctdUc variabilitv and hence obtain better esti

. . .i: ates of parameters, to assisting with the plan; '% "'",..A'. n ing o f'tr ia lIsw it h s in gle a nd t w o o r m o re s pec ie s . 
I',-t111tr qtuartant it,inoection of impt 'led imllt r pearl Wit h tihe introduction oflthe VAX computer andat IRI.I T (ellter. the impleme ntation of statistical packages. more 

detailed processing has been possible and has 
increased the number of data processing queries. 

rantine Isolation Area ( IIQIA).Seven hundred \Several statistical packages are now in opera
and three cuttings of .lrachi.s spp aind hybrids tioi at ICR ISA]: GENSI*A ageneral statisti

were erOMI il our uai tneet0i11i IN11C house' i cal package fOr agricultural research fromI for te presence of viruses. Seedlings
testd Rothansted Experinental Station, England;I.I, a package for fitting generalised lneat 
,llo\ng legative results were planted in the 

IA..anrid inspected twice a cck ilha r\est and NEPI.T,P aA nit models, i a program written binetofd the irmnt ofkIidihavtsIt11\,tjoint team ot 111C (Itmerlillllellt of*India and Prolessor S.C. Pearce of' tileJniversitv of Can
I'RIS]'1 quarautine staff, for destructionl of terbury. Englarn, to analyse data by tihe nearest 
nmaterial infected with exotic diseases. Seeds of rieighbor techlnique of "papadikas."
 

.
hictlthy plants \%cre rele',tsed to ICRI;A 1' visitThebyutnitIrof.also beliefitted atconsultancyPearce fromto assist with variability 
Trips and Visitors studies, intercropping technliulties, and conmpari

son ol existing niultilocatiotal testing methods.)ur Qmlraritine ()fficer participated in a leet- I)uring tile course of discussion, a nurber of 
ing of (lie Working Part ol Seed Quarantine practical statistical problems were raised, and
for International Agricultural Research (enters 
 tile follo\\ing studies w\\ere undertaken: 
at Copenhlagen. I)eninark, orgaiied by the I. I )urlng the 1979 and 980 Iostriiv seasons
 
I )ariish (m e ieri! Ilititite of Seed l'athology a n tile 19 a nd 1980 it *was on
ern -
ind'h d r n arid thle 19Xt0.r rn rainy season, a studv was condutede with lie grolnldntt breeding tinit 
tr
 

the I'nited Nations ( 1AO). I lie %Voking Ilarttu
Ceniieidctd IR ISA I's quarantinelfiacilites ir\estigite diff.tLit types of experimental 
and recollrnlc deud that siriiilar facilities he designs to clniiate soil variability in large 
created at otlier lInternational Agricultural hreeding trials. Comparison of 8xx8 cuhic hlat-
Research renters.
Rech e xrtarge oW tice desig-is with systematic checks at the centerof eacli bhlock of varieties showed little differenceA\re\\,atint, exchanlge uuf informlationl wa;s 
prur\tded hy the \isit of the ('hiief Stalf C)fficer of het\\eci any of tiledesigiis in redulcing ariatioi. 
Plant Qiraiitine, I rlited States I )epartrlent of 2. With the pigcornpea physiology unit, a study
,\griculttrre, deputed hy tile[A) to evaluate on tileeffe't of spacing and plot siue on variabil
quarantine facilities at International Agricultu- ity was carried uoit on tie Allisol and Vertisol atral Research ('enters. Ipatanclieru and on an Etitisol at Ilissar. The 
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results indicate that there were similar relation-

ships between variance and plot si/e at tile three 
plant spacings. 

"_ 

3. For the systematic irrigation line-source
work on the two-species intercrop, a ithcod of, 

processing results using the bivariate flactorial 

was developed. 

4. A bI\,riva ate me11cthfod( o flina fsis wa,s dcvc Ilop Id 
with Prof. Pea rce f'or the twof-species iriteic top 
factorial design. [he method was used to ProCCss 
(ltlti fromn t.1 1 1 l cOMntlCltI .it I tilllCherlttl to 

investigate gentvtypcs, tillage eicthods, and Icr

0 

____ 

, 

,!5.....

tili/er regifles. 17 I" NI 7,() rooipl " il.n'# 'u ., alh'l ai 

l)u ing tile year, tile siltistician illide visits to 
the cooperative progra ills. the Indiall Statistical 
Institutes ill (alcutta and I)clhi. and tile Indian 
Agricultural Statistics Research Instittite in 

RR/S..I T (0te'r ill .Il/v I9 l. 

Resource Sharing lile Sharing Extended) on 

l)elhi. lie alo ga\ talks to tihe statistics unit it I II)I 11 45 computer system. The uit
O.S11,1i IlPrlhld Mid til illltlt'rsllil.Thiui I)1!("tN-

()san.ia I niversity. Iyderahad. and the a.gri-
cultural staff in Halmlako. 

Pub)lications 

Conference piipers 

61I.I.IVI[R. B. 1Q81. I)iscussion paper oil prohllei 
1,1.iciated \\ itll nuiltilocaticnal intercropping tials. 
Prcsented at the 43rd Se.,ion ol the Intrnational 

BiicStatistical Institite, 3-II )eccinhei 19811. 1SfI. 

.\irc,, Algeliina. 

(11lIVI P. lI 19, 1. the decsign andi iiat\sis ltheI 9 . fl il and ilf 
inte lcopping "lllel clcl. Iliesa-, expCilntnts. 
elited ill the 35th Annual (onfcrenc of tile Indian 

Socity oo Agi iculluial Statistics, 28-30I leceinber 
981, Indian Societ' oh Agricltuil Statistics, New 

I)elifi. 11dia. 

o mlputelr Services 

The (noput0m Scrvices Unit provides tineshar-
ing services to I('RI SAT personnel through tile 
VAX, VMS (Virtual Address Extension Virtual 
Memory Operat.ing System) on a I) EC VAX 
II 780 com1puter systein ;aid RSTS E 

dIclps intiracti\c solfaire systetllls. installs 
wire packages. proMllt.s (li-eittr sersices 

and colndllcts scllillills on Ctolllllltlr usle. in 
order to integrate t.icIlse of thc Computer into 

the dailyk routilncs Of tile rcsCaichI. admninistra
tlive. and servicc departintleus of the histitutc. 

I..xtended hrakdo\ns of the t sso disk dri\ss 

RI)4 ol thc PlP 11 45 added Lip toi total loss 
ill 8 miontlhs ofcillt ptiitg. Urilical analyses \w-ere 

carried oti thil ile IN l E(iRA system atC(onptl
ter iaitlinalicc Corporation, I I derabad, a ild 

a similar III)l svstel at llmhaM. 

Installation of the VAN I 780 s\stem ill ,ulv 
1981 is tile big nies of the period. [his ha's 

helped catch ip with the backlog of xork that 

accumulaited duing the extended hreakdown of 

lie I'I ) i [ee.unit has carried ol itcoll\cl.siolln of 

CRISP (Crlp Reseailch Inltegrated Statistical 
Package) and ICOI )I P conoiics I )ata Illtry 
Prograll). Ma.inv additions and imodificatiollns 
h.ave b ii made to CR ISP. A number ofstatisti

ca I packages (B II)I, (iFNSIA. (i1 .M, 
S IIAZA Ni. and optlnli/atloil pcit-'kage MIN(0S) 
and the (S NIMP sinliilation package have been 

siccCssfli llv\ insti lI il tile ne\\ systell. 
A consultant fromt lil- Inix ersitv of New 

IHampsh ire visited om'oniputer Scr\ ices for 6 
weeks to revise tie Positional Index prograns 
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and to discuss revision of' CRISP to make it facilities were enlarged to cope with the larger 
more transferable to other systems. intake of trainees, who are among the most pro-

The Computer Center I)irector of ICARI)A lific users of the library.
 
visited to discuss IC ISAT-I('ARI)A coopera
tion in computer software development. Acquisition
 

The Computer Services Ilead attended the 
U.S. Fall )'ECIJS Sympositim to become The acquisition of' documents during the past
acquainted with tile VMS operating system, lie I-I/2 years registered a marked increase (see
also visited tie International Rice Research Table below). 'he figures within parentheses are 
Institute. Philippines, as a coisultant oll colnpu- the number added during the previous year:
 
ter usage. Two staft members attended tile
 
annual mneeting (f the Computer Society of
 
Indidm at New l)elhi in March 1981. 
 '.ow '8i)- ''(tll 

I)( '81 holdings
I) lt'lln(.nll dditico ,,- (D)ec 1981) 

Looking Ahacld I..k ind t 519 "H:'7) 15 668 
A new I )ata Managerent and Retrieval System. ri-irl.

mIlhl-tI vlilI'Ms (G6'GI G6( M G 767and Fiscal Accounting . Payroll, Iurchase Order, ' (,lil il
 
an(d L.. t..ior ' (outro"l swstelrir. are plalneid 'or ,\immtilt rpmris 195 (57) 496
 
tle coming year. 
 lr'oorms 5410 H :t9) 1 501 

This year we reviewed otir periodicals sub-Library and scription list and1(1prutned it from 744 to 722 

Documentation Services periodicals. 

Ilaiing more or less stabilized doctmlent collec
tion and acquisition, the library and )ocunmen- Reprography
tation."I iLce,laid iimoe sties s 41 the scr'iccilspct A Central Rcprography nllit to serve the copy
during the period under report. Reading room ing needs (photocopy. mimeograph, and near

print) of ICRISAF was set tip in the Library in 
Jul\ 1980. The average monthly output of pho

- Mtocopics in this unit has increased from 32 000 
... ..... - pages in 1980 to 0() 00 in 198I . lhe cyclostyl

ig offset output during the sanie period has 
.I- increased fromt 10h 000 to 250 0(00. 

Wt ll ackquisition )othle Ri[Cohl offset Copier 
1111s Vearl. Mlost ul-house reports and seinlar 
papers are printed, collated, and stapled in the 
Central ' eprograplly Unit. 

- .Sorghun and Mihets Information Cen
ter (SMIC) 

The activitics of SMIC have accelerated 
()ur /i/lrari' i., 1(014 01/I 4'qlt/U)/1t'( to ,lt Ih in/i- markcd ly. The Sorglhm Bit/liogralphI' 1970-73 
ntatimi ntw'1'A o4/ it.v ch'lh'h'. is in press. The Alillets Biliiuralphy. 1970-76 
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and .N'orghin 1illiogralnhiv, 1974-76 have been 

compiled and are heing edited. and compilation 
is nearing completion onl the Sorghum and 

Millets bibliographies I'r 1977-80. A I)ir'cuori 

of .Sorgu,n .li Reearch II'Workers is 

expected to be published incatly 1982. Phase I of* 

the SM I(' Iroicct caie to an end in March 1982, 

and a more amoitions Phase II will start in April 
1982. Computeri/ation of the SM IC(data base is 

planned in Ihaise II to provide a quick and cIfi-
cicnt service to our clientele. A I-day workshop 
"Niecting the IUscrs' Needs" was held on 31 

October 1981 to evaluate SM IC's services to 

sorghum and millet scientists. Workshop partic-

ipants recommended tie continuation arid 

expansion of SMIC ser'iccs, which were consi-

dercd very uscful. IDuring tile past 1-1 2 years, 

SMIC collected 6000 bibliographical citations 

and 2000 photocopies on sorghum and 3850 bib
liogriphical citations and 1200 photocopies oi 

millets. SMIC supplied about 600 reprints run

ning to )agcs on rCtuLstsnearlv 5(010 spec iflic 
from its readers. 
The scope otSlectivc I)isscmination offInfor

mation (SI)I) service was broadened somewhat 
to include several non-ICRISAT scientists. 

Ihirty issues of SI)l service have been providcd 
so far. [he service is rlnlhoily. 

Seven issues of the Sl ,csu. h'tcr ha'e.. 

been brought out so f ratnd distributed to nearly 

1200 addrcsses. Irom April 1981 (issue No.5) a 

French version of SMIC Neu'sletcr has been 

publishcd a nd (list ributed to nearly 300 

addresses in Franrcophone countries. 
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SRIS Ihdilicio Super Center Venancio 2.000 
9" andar - 'aixa Postal I 1316 
70.333 Brasilia. I). '. 
ira/il 

D~r. John I.. I)illon 
Iro \'ice-('hancelior 
I niversitv of New IEngland 
Armidale. N.S.W. 2351 
Australia 

I)r. Arne Ilagberg 
1Ihe S\Cdish Seed Association 
S 26X1(0 S\ah'i\ 
Sweden 

Dr. F.F. I ltehinson 
Vice-IPresident for Re,,earch & Public Service 
University o1 'Maine 
21 ('o{burn Ilall 

Orono, Maine 04469 
USA 

Dr. Joseph Kabore 
I)irector of Agricultural Services 
Government of Upper Volta 
B.IP. 7028 
Ouagadougou 
Upper Volta 

I)r. Iwao Kobori 
I)Cpartlllellt ol Ceography. Faculty of' Science 
I ni rsitv of Tokyo 
Illongo-7 3 I. Ihnnkvo kit 
I okvo 

Japan11 

IDr. .1. II. Monvo 
ood & Agriculture ()rgani/ation (FAO) 

Via delle lerlc di ('aracalla 100 
Room C' 512 
Rome 001(0) 
hitaly 

I)r. Peter Muller 
I)etusche iesclIschaflt fur Tcchnische 
Zusa mmena rhceit ((,ITZ) 

Abtcilhng 15 

I'ostlach 5180 
I) 6236 Ischhorn I 
Federal Republic of (icrmany 

Mr. S.I'. Mukerji 
Secretary. Miniistry of Agriculture 

Krishi Ilha van 
New IDelhi 
Inrdia 

Mr. S. R. IRanmnmurthy 

Chief Secretarv to the (io\elrlllll1t 
ol Andhra I'radesh 

Ilvdcrabad 500 002 
Ind11(ia 
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)r. Guy .1. Vallacys Dr. A.R. Melville (until Sept 1981) 
l)eputy I)irector General Spearpoint Cottage 
IRAT Kennington 
110 rue de I'Universite Ashford, Kent 
Paris 7 Inited Kingdom IN249QI 
Fra nce 



ICRISAT Senior Staff-as of Dec 1981
 

Administration 

. I). Swindale, 1) rector General 
.1. S. Kanwar, I)ir ctor of Research 
.1. C. I)avies. )ire :tor for Ilternational Co-

opcrat ion 

NI. G. \Vcdcnian. Principal Administrator 

S. 	 S. I)haloa, Special Assistant to l)irector 

(iccral and IPrincipal (iover'melCt 
Siaison ()llicCr 

A. 	 .1. );gcmais. Administrative ()fficcr, 
IUppcr Volta 

G:amini (iuansckcra, Soil & Water Scientist, 
International ('Coperation 

Neill 	Pattersoni Special Assistant to )ircctor 
(cnerall Ior Educallional Affairs 

V. 	 13alhsitraioauian.i Executic Assistant to 
I)irccior (icocral 


I). \litra. Iical laiiaL'Cer 

1B.K. .holi. l'crsoniicl N1alaicer 

R. Vaidanathall. Iltchase & Storcs Mllnager 
A. i lliiJI. A silalt aniagcr (Ilcal) 
R. Seshadri. A,istiit Mianager ( Purchase , 

Stires) 
S 	 K. I)asgipta. Scicntific liaison Officer 

(Viitor,' S rviccs) 
A. 	 I akSllniiIIIn. Scieutilic I .aison 


)llic.r (I\'i,tors' Serviccs) 

N. 	 Rajaiaiiii. Irael OfIccI 
R. Narsing Reddy. Iranport Olficr 
K. 	 K. Sood. Sccuritv (Of ier 
K. 	 K. Vii. IExccutis ,Assistani(liaison) ,I)clhi 
(flicC 

S. 	 Krishnan, Executi\ AssistMil (Interna-
tionatl Cooperation) 

V. l.akshlm an. Executlie Assistant 
N. 	 Survapra.kasa Rao, Resident Medical 

)lficer 

Research Programs 

Sorgliui 

I..R. IHoiuse., Principal Plant11 Breeder and 
Leader 

S. Z. Mukurti. Principal Plant Breeder 
T. 	Omori, !-'rincipalaSorghum Breeder, Visit

ing Scintist 
I.. K. Mnughogho. Principal Plant Pathologist 
.1. M. Peacock, Principal Plant Physiologist 
Klats I.euschncr, Principal Cereal Ento

mologist 
.1.F. Schcuring. Principal Sorghum, Millet 

Breeder. Mali 
C. 	M. l~attanaylt, 'PrinucipalSorghum ree

cer "ciam L.eader (on sabbatic leave) 
.1. A. lrowd, Plant lathologist (until Aug
 

1981)
 
N. 	 Gi. P. Rao. Regional Sorghum Breeder, 

Nigeria 
.1. II. McFallane. Principal F.ntomologist 

(Cereals). Nigeria 
NI. 13.Boling, Agronomist (until ly\' 1981) 
(ichisa I.Jeta, Principal Sorghum Breeder, 

Sudan 
V. Y. (Iiragossian. Principal Sorghum 1icc

dcir, Mexico 
K. 	F. Nwani, Principal CrlEntolLst, 

and Acting lean I.eader, Niger 
K. 	V. Rllmaiah. ,Sriut, lhysiologist. Otlaga

dougoil. I ppcr Volta 
N. 	 V. Snliaralin., Principal Plant Pathologist,. 

Nigeria (until ()ct 1981) 
Blhlla;:,h Verlma. Plant lreceder 
I). S. lurtv. Plant Breeder 
B. I.. Agraal, Plant Breeder 
H3.V. S. Reddy. Plant Breeder 

I. 	.1. Vastide'a Rao, Plant Breeder 
N. 	 Seetharaia, Plant lPhvsiologist 
R. K. Maiti, Plant Plhysiologist 
SulCsh Paidc. Plant Pathologist 
Rainajit andopadihva. Plant Pathologist, 

shanflal "lalneja, nntomologist 
11.C. S l , Iltolliologist 

S.P).Java Kumar. Administrative Assistant 

Pearl Millet 

1). .1. Andrews. Principal Plant Breeder and 
Leader 
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R. .. \Villians, Principal Plat Iathologist 

I-. R I/, iidinger, Principal Plant IPhysiologist 

I). .1. l)art, Principal Cereal Microbiologist 

S. C. (iupta, Principal NIlihct Breedcr,. Sllegal 

R. 	 F. (hiukar, [itoniol gist, Senegal ( intil 

.lyl$' 1981) 
S. 	N. I.lhani. Principal Milli Breeider, ipper 

V'o1a 

B1.B. Singh, Principal Millet Brecder, Mairadi, 

Niger 
I.. K. Fussell, I'iicipal Niilct .\gronomist, 

Niger 
F. 	 .1. (hlthri, Principal Cereals Pathologist, 

N iger 

)i. G Seraini, Agronomist. Bamako. Mall 


S. 	0. ()kiror, Principal Millet Breeder, 

Nigeria 
R. P. Jilin, Phrincipal Millet Bleeder., Sudan 

K. Anand Kumar, Plant Brec'ee 

B. 	S. I alukdar, IPllt Breeder 

K. N. Rai. Palian Breder 
S. H. ('hasan Plant Breeder 


Ci. .lag; salSv.\ l'inI ih$ hl, 

S. 	I). Sili. llllll IPlil olhgkis 
R. 11. Ilhak rii, liant lilhologit 
S. P). \';aill, Nlicrobiologi 

K. R. Kishla., Nliriohtdist 

I). B. (odsc, Mliceohi ologist 

V. N'ahalakslhni. P]lant lIhiohlolis 

Stn ll'a diPln;,ihan l laimlt Physiologist 
IPhern1 Singh, Plant Breeder 
Nivs. Nirniala Kniir, Adniilnistralisc Seeretar, 

Plsles 

Y. I.. Nene. lPrincipal lPlant Iatloh hgist ilid 

er.Pigeon -1). 6 . Saits o Irincipal Plan t Breed 

Principal Pse Nicohiologt1.lhalilld.1. A. Ioipso 
I'll SiigisiideII. Ilirlla, Pincipal Plill 

W. 	 Reed, Principal 1nllto tlolgist 
K. II. Singh, (hickpc Ihrceder, Aleppo. 

S\ria 

NI. V. Redd', (hickpea Pathologist, Aleppo, 


S, 	 ila 

I). Sharma, Plant Ireeder, pigeonpeit 
K. ('..ain. Plant ireeder, Pigeonpea 

Onkar Singh, Plant Breeder. Chickpea 

C, IL L. (lowda. Plant Breeder, C(hickpea 

S. C. Sethi. lPlanl BIceder. Chickpca 

.lagdish K inra, Plant Bireder. Chickpea 

K. 11. Saxenla. Plant Breeder, Pigeonpea 
I.. .1. Reddy. Plant Breeder, Pigeollpea 

S. 	C. (pll.ta, Plant Breeder, Pigelnpea 

N. 1). Sa.xena, llnt Physiologist 

Y. S. ('hlinla, Plant Ihysiologist 

S. 	S. ateel'. 1ntomolinlogist 

S. Sitliltanlili ll, niltomologist 

(. S., awar, ltollnologist 

M. 	 P). Ilawar, Plant Pathologist 
. Kannaivan, Plant PatlhoIlgist 

S. 	P1.S. Belni\l, Plant Pathologist 

0. 1). Rilpelia, Microbiologist 

.1. V. 1). K. Ktniar Ran, Microhiologist 

(i. K. BItia, Plant Breeder, Pigeipea 

(roundnit 
IR. \W. (iibh ls. Principal Pllant IlrcedI'r and 

Leader 
.1. 1. 'oss, Principal C''togenclicist 
D. Mclonald, Principal Plant Pathologist 

!). V. R. Reddy, PIincipll Plant Virologist 

.1. II. \Villianls. lrincipal Plant Ihysiologist 

Kenji lanaka., Principal Plant lPitlhologist, 

Visitin! Scientist 
S. N. Nigain. Plant Breeder 
A. M. Ghaliekar. Plant Breeder 

l). Silulral 11iha niin. In lant IPallologist 

V. 	 K. Ncihan. Plamnt Pathologist
 

. C. N o ar. Nicrobiologist
1). 
P. 	 \1). AniI1, Entllolmhogi 

( l aA . ('. Siagehr av . PC, Ii sg 

lllgis 

Pal. Plant Phl~ iologist 

Farming Systems 

S. Mi. \'irlnani, Principal Agrlocinlatologist 

and leader 
R. W. \\"ille\, Principal Agronomist 

http:IClRI.SA
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.1.T. Moraghan, Principal Soil Scientist N. S. Jodlha, Senior Economist 
G. E. Thierstein, Principal Agricultural K. N. Murty, Economist 

Engineer R. P. Singh, E-cononist
 
.1. R. Burford, Principal Soil Chemist R. 1). Ghodake, Economist
 
S. 	M. Mir;inda, Principal Soil an Water R. S. Aiyer, Admlinistritive Assisait
 

FEngineer
 
M. V. K. Siv'akunlar, Irincipil Agrocli

at1ologist 	 Support Programs
 
Y. 	 Nishimura, Principal Assistant Agrono- Biochemistry
 

imlist
 
Michaicl WVur/c r. Principal Assistant Soil R. .amilbunathaln, Principal Biochemist
 

Scientist 1)11Th id Singh, Iiochefist
 
Robert Busch. Principal Soil Scientist V. Subramanian, Biochemist
 
.1. Ill. van Staverlen, Assistant Agronomist,
 

tper Volta Genetic Resources
 
F. R. Perrier, Agronomist. Soil and Water
 

NIManagemcnt, ipper Volta M. If. Mengesiam, Principal iermplasin
 
S. \. R. Shetiy, Agronomist Botanist and Leader 
Iiara Sinigh, Soil Scientist I. .1. i. van tier Maescn, Principal Germ
Salrd.lr Singh, Soil Scientist plasi Botanist 

.1. Rgo. Soil Sciltist 	 K. F. lPrasada Rao. Botanist 
K. I.. Saihra., Soil Chemist 	 S. Appa Rao, Botanist 
A. K. Sanimsul IlIda. Agroclinlatologist R. P. S. Pundir, Botanist
 
NI. R. Rao. Agronillist P. Remanandan, Botanist
 
M. S. Reddy, Agrollollmist V. R. Rao, Botanist
 
NI. Natarajan, Agrononist
 
V. S. lhiatniagar, Entomologist 
R. C. Sachan, Agricultural Engineer Plant Quarantine
 
I'. Pathak. Agricultural lEngineer K. K. Nirula, Plint Quarantine
 
P. N. Sharia, Agricultural Engineer 	 Officer (until Aug 1981) 
K. I.. Srivasiama. Agricultural Engilleer 
R. K. Bansal, Agricultural rigineer 
.1. Ilari Krishina, AgriculItural I-ngi icer Iellowships and Training 
Ranjodli Singh, National Research Fellow I). I.. Oswalt, Principal lraining OfIcer 
S. K. Sharma, Sei/or Research Technician A. S. Murthy, Senior Ira ining Officer 
Siloo Nakra, xecutiv\e Assistant 13.l)iwakar, Traiing Officer 

Economics T.Nagur, Training Officer 

.1. G. R Principal 	 Information ServicesP conon ist and leader 
M. von Oppen, Principal IEconomist 
V. S. l)oherty, Principal Social Anthropologist II. I.. lhonlpson, IHlead 
'.S. Walker, lrincipal 'conomnist (iloria Rosenberg. Research Editor 
P. 	 .1. Matlon, Principal Iroduction Eco- .1. B. Wills. Research Editor 

nolist. ()uagadougou. tipper Volta, and C. A. Giroux. French Writer E(litor 
Acting "lean leadcr T. A. Krishn;aniurthi, IExecuLive Assistant 

.1. Mcnire, Principal IEconomlist. Niger S. M. Sinha, Art and Production Supervisor 
Ilelga Vierich, Principal Social Anihropol. S. Vanma, E.ditor,\Writer 

ogist. ()uagadougou. Ipper Volta II. S. )uggal, Chief Photographer 
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Statistics 

Bruce C;illiver., Principal Statistician 

Comnputer Services 


,I.W. E.stes. Computer Services Officer 
S.NM. I.luthra, Assistant ('Computer Ser'ices 

Officer 

Library and )ocumentation Services 

S. 	l)utta. .ibrarlian 

Housing aind Food Services 

A. 	G. Fag6t, Manager 
S. 	Malumldar. As.sistant Manager (Food 

Selvices) 
It.R. Revathi Rao. Ass! aint Managcr 

(lollsing) 
I). 	 V. Subba Rao, ()ficer in] Charge 

(Wareihouse) 

Physical Plant Services 

1. 	 W. Nutin, Station Manager 

F. .1. 3oh nagc, ('onst ruct ii Supervising 
pOfficer 

P. M. Me non, Fxecutive Assistant
 
IB.K. Sharma, .Senior 1ngineer (Mechanical)
 
Sudhir Rakhra, Senior hngineer (Civil)
 
1). 	 Subramanai., Senior inginecer 

(Electrical) 
S. 	K. V. K. Chan. Seior Engineer 

A. R. I)as (Oupta, igincer 

1). C. Rai/ada., nlgincer 
A. 	 I-..laikulnar, Architect 

Farm Development and Operations 

I). 	 S. Bisht. Farmnl Nlalligcr 

S. 	N. Kapoor, Senior Engincer (Farm 
)perations) 

S. 	K. Pal, Plant Protitcion Officer 
K. 	 Ravindranath, Fniilcer ([arl Machilcry) 
K. 	 Santhanam., EXCCii\'e Assistant 


