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ICRISAT's Objectives 

ICRISAT's mandate is to: 

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

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

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

4. 	 Assist in the de,elopment and transfer of technology to the farmer through cooperation 
with national and regional research programs, and by sponsoring workshops and confer
ences, operating training programs, and assisting extension activities. 



About This Report 

This Annual Report covers the 1984 calendar year. It includes work dore at ICRISAT Center 
near Hy:,erabad, India, at research stations on the campuses of agricultural universities in
dfferent climatic regions of India, and at national and international research facilities in nine
countries of Africa, Mexico, Syria, and Pakistan where ICRISAT scientists are posted.

The crop improvement programs are presented as interdisciplinary reports on problem
areas to better reflect the interactive nature of our scientists' work. Research done by our
scientists and cooperative programs outside India is reported with the relevant crop or
discipline. Detailed reporting of the extensive activities of ICRISAT's many research supportunits is beyond the scope of this volume, but a comprehensive coverage of ICRISAT's core
research programs is included. More details of the work reported here are given in individual 
program publications, available from the research program concerned. Offprints of individual 
sections of this Annual Report also are available from the programs.

ICRISAT now uses SI units in its publications. The SI (Systeme ln~ernational d'Unites)
provides an internationally accepted and reliable way ofexp-essing quantities that is clear and
precise. Throughout this Report, the variability of estimates is shown by including standard 
error (SE); on graphs representing the mean of several observations, the standard error isshown by a brir (I). In discussing levels of probability in Jhe text, significance is generally
mentioned at the 5% level; where the level differs, it is indicated parenthetically. Levels of
probability are shown in tables by asterisks: * for P<0.05, ** for I'<0.01, and *** P<0 301.
Unless otherwise specified, available phosphorus (P), refers to the amount of phosphorus
extracted from soil by Olsen's method, using 0.5 molar NaHCO3 as the extractant. 

This year, for the first time, we are listing ICRISAT plant materials named by the InstitutePlant Material Release Committee. Named material appears in the text by its new name
followed by its original name in parentheses at the first mention. A full listing appears on pages
xxiii and xxiv. 
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ICRISAT's Five Crops
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'~atinl 

S'orghum A-mli.sclum (ic'tr ( aial¢ .Irush. 

hico/)r alol'it [lla ) ariclin'lum ('11 ll 11.vpoCUO'i 

(IL.) iocnch (L.) leeke I.. (I..) Millsp. I.. 

English 

Songhuim. Pearl millet, Chickpca, Pligeonpca, (irouninut, 
durra mito, bulu.sh m1le!, Bengal grali, red gram peanut 
S 1haltu. cattail ruiilct, grami, 
kil" c,.orn[, spiked millet Fgyptian pea. 
lgyptialn corn, Spalnish pea, 

great millet, chcsttmtu can. 
Indian millet chick. 

C r a uI lcc 

French 

Soruho Petit rmil IPo", chichc Iois d'A ngole, Arachide 
pois cajal 

Portuguese 

Sorgo Pa tico, ( rao-d e-bico (tu~a io, A mendoin 
pe roh fIic;a o-gua ndo 

Spanish 

Sorgo, NI io perla, (iarban,, (uandul Marl 
/ahina nlijO garav1ncc 

Hindi 

.1owa r, Bajra ('ha na A rhar, M ungphali 
jal Lr t ur 
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Introduction
 
ICRISAT made further progress this year in understanding the mechanisms of 
drought-and how to lessen its devastating effects-as well as in developing 
plant lines resistant to those other banes of farmers: diseases, insects, and 
weeds. Solving these problems holds the key to increasing food production 
throughout the semi-arid tropics (SAT). The best high-yielding varieties and 
hybrids will mean little to resource-poor farmers of the SAT if they can't 
withstand and overcome the environmental and biological stresses common to 
the region. 

At ICRISAT Center, in India, we have developed several techniques that are 
sufficiently well-prover, to be used by ICRISAT scientists working in Africa 
and elsewhc. -eto test material under their environmental conditions. The work 
on seedling emergence through soil crusts -- vital to finding material suited to 
the harsh conditions in Sahelian Africa, where early establishment can be a 
salvation - led to the dcvelopment of a technique that was used this year to 
evaluate pearl millet from six Sahelian countries and from two countries in 
southern Africa. We also used a technique developed at ICRISAT Center to 
screen for emergence in high soil surface temperatures and found some breed
ing lines that had a tolerance equal to that of one of the best local cultivars in 
West Africa. These findings will lead to further improvements in the food crops 
grown there. 

While ICRISAT Center remains the focal point for basic research in the 
battle against drought, the Sahel of Africa is the front line. Good results were 
reported this year from the ICRISAT Sahelian Center (ISC) near Niamey, 
Niger, where research has been under way for only 3 years L, a year of record 
low rainfall at Niamey - 250 mm compared with a normal 570 mm - careful 
agronomic management yielded good results with millet and cowpea. Grain 
yields at the Sahelian Center averaged four to five times as much as on local 
farms. 

ix 
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In the Sudan, where drought was especially severe this year, an ICRISAT
developed sorghum hybrid and a pearl millet variety did remarkably well. The 
Government expects to distribute several thousand tonnes of seed of the 
high-yielding sorghum hybrid, Hageen Durra i, to farmers for planting next 
year. ICRISAT's pearl millet, Ugandi, escaped drought effects due to its 
earliness and has also attracted the attention of Sudanese farmers. 

Diseases are a major constraint to crop production. The typical farmr in the 
SAT has very limited means to counter them. As reported over the last 2years, 
ICRISAT now has lines with multiple resistances in all its crops. During 1984, 
for example, our Plant Material Release Committee named four pearl millet 
lines with stable and combined resistance to three major diseases---ergot, smut, 
and downy mildew-as an aid to breeders in national programs. 

Investigations of' multiple-disease resistance in pigeonpea led this year to 
identifying some lines with combined resistance to as many as four diseases. In 
similar work with chickpea, combined resistance to wilt--a major disease-
and two different root rots was identified. Breeding stocks of sorghum now 
available from ICRISAT carry high levels of resistance to midge and downy 
mIld w. 

ICRISAT-developed sorghum hybrid Ilageen Durra I performed well in the 1984 Sudan drought. Its 
seed is being multiplied for increased planting. 
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ICRISAT's Genetic Resources Unit added 4975 new accessions of our 
mandate crops, and 408 of minor millets, to our gene bank this year, brir ging 
the total accessions to more than 80 000. 

Collecting, conserving, and distributing such accessions is crucial if crop 
improvement work is to have an impact in different parts of the world. Samples 
are available on request to scientists throughout the world. We also distribute 
our material as nurseries for national, tegional, and international trials 
designed to screen specific traits under local conditions. 

A key prov;sion of our mandate calls on us not only to develop new 
technology for increased agricultural production, but also to assist in its 
transfer to national programs for eventual use by farmers of the SAT. We 
do this primarily through an intensive training program for young agricultu
rists, a series of regional and international workshops every year to discuss with 
scientists the latest findings of our research, and through visits to ICRISAT 
operations by interested scientists, policymakers, and farmers. 

Former trainees from Mall-now working with their national program and ICRISAT staff in Mali
inspect an improved sorghum variety. 
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14 

Field technicians easChlclting sorL hini in Zint)ahb e, the base for I(RISA's cereals improvement
 
project for southern Africa.
 

More thlan 900 piersons i'lmil 69 Cotieliis have completed 1rairiing ill ICRI-
SAT (Center since 1974, and maiv of hei othi w serve as research leaders, flrlm1 
managers. field techiiciais, and extension agents ill national arid international 
prograns of agriculftiL ra I il provemert )uring I984, 148 Scientists, research 
technicians, and extension personiel froll 39 COtll ' rics participated ill training
prograins at ICRISAI it another(' er 27 studCl iiSor trai rices lrom rinle 
couItries worked with our scientists ill 3u rk ira I'aso, ial, 'Mexico, aind 
Niger. 

In addition, 217 scientists, extensiori peCrsonii icl, [aik agricilttirall officers. 
and develo pinlit oflicers or()ipolicymakers from four states of' Indi ia were 
provided short- ern trainir g at ICRISAT ('Center. Their irainiig focused on 
identifying suita hl cropping systems for use oi broad beds anid furirows, aid 
other factors associa ted withi CR ISAT's technology for deep black soils being
tested in the four Indian states of Andihra rad esh, Karnataka, Madhya 
Pradesh, aind Maharashitra. 
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Of the 20 workshops held by ICRISAT in 1984, there was at least one in each 
of the major regional centers where 1CR1SATstaffare working.They included 
regional workshops on sorghum research and improvement in West Africa at 
Ougadougou, on pearl mi!let improvement in West Africa at the ISC, on 
groundnut improvement at Lilongwe, Malawi, and on sorghum and millet 
improvement in southern Africa at Bulawayo, Zimbabwe. These afforded 
opportunities for sc;,:Atists working in national programs, and regional and 
international organizations in these areas, to visit ICRISAT research bases, 
exchange ideas, and influence ICRISAT plans for future research. 

International workshops sponsored or cosponsored by ICRISAT this year 
included one on sorghum insects, at Texas A&M University in July, and one on 
rust disease of groundnut at ICRISAT Center in late September. 

During the year we had over 8000 visitors, including 2300 farmirs from three 
states of India, 900 of whom attended the 5th annual Farmers' Day at ICRI-
SAT Center in October. Among other visitors vere more than 2000 students, 

Research directors fromi ogo, Burkina Faso, Mali, and Senegal evince interest in laboratory work on 
Striga during a visit to ICRISAT Center. 
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External Program Review ealln iiting a greenhouse experiment at IC'R I.,%'l"(*enter. [he panel 1)roadII 
COllfllended our ,, ork. 

400 national scientists, and 200 scicnt ists from overseas. )irectors of Research 
from seven West Africa n countries came to see our \york and that of lIndianl 
national progra ins, and dliscuss with Ius research plans that could vitallv affect 
their countries. 

Also among important \isitors to oIIr work, hoth inl Africa and India, were 
two pa nels of international experts selected by our parent organi/ation the 
Consultative (iroup oin Ittelnational Agricultural Research to evaluate 
ICR ISAT's research prograins and ma nagemrent structure and re port to our 
donors. We were highly pleased that hoth panels confirmed we are on the right 
track in pursuit of our goal to bring a better quality of life to thc poorest 
farmers of the SAT and to the villagers dependent on them for their food. 

L.D.Swindale 
Director General 
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ICRISAT's Agroclimatic Environment
 

Most of the research reported in ths volume was 
carried out at ICRISAT Center, the Institute's 
main research facility in south-central India, 
with important contribution from ICRISAT 
scientists posted at cooperative stations in India. 
in nine African countries, and in Mexico, Syria, 
and Pakistan. As background to our research 
reports, this section presents a brief description 
of the environments where most of our research 
is conducted and includes rainfiall and tempera-
ture data for most of those locations. 

ICRISAT Center 

The Institute is located at 18' N, 78' F near 
Patancheru village, Andhral Pradesh, 26 km 
northwest of Hyderabad. The experimental 
farm, extending over 1394 hectares, 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 a 
high water-holding capacity. The availability of 
both soil types provides an opportunity to con
duct experimental work on our five mandate 
crops under conditions representlative of ma1Iny 
SAT areas. 

Seasons. Three distinct seasons characterize 
much of India. In the I-vUrabad area tile rainy 
season, also known as the monsoon or kharif, 
usually begins il ,June aild extends into Sep-
tem ber. More than i0'(' of the 800-nrn average 
annual rainfall Occurs during those 4 months, in 
which rainfed crops are raised. The postrainy 
winter season (October throulgh .la inary). also 
known as the postmonsoin or rabi, is dry and 
cool and days are short. During this period crops 
can be grown on Vertisols on stored soil mois-
ture. Fhe hot, dry summer season lasts from 
February until rains begin again in little, and 
at.y crop grown in that season requires 
irrigation, 

Crops. The five ICRISATcrops have different 
environmental requirements that determine 

where and when they are grown. In the Hyde
rabad area, millet and groundnut are sown on 
Alfisols during lune and J1uly, the beginning of 
tile rainy season, at ICR ISAT Center, additional 
generations are grown under irrigation. Pigeon
pea is generally sown at the beginning of the 
rainy season and continues growing through the 
postrainy season; to provide additional genetic 
material for our breeding program, we plant an 
irrigated crop of short-duration pigeonpeas in 
l)ecember. As in normal falrning practice, two 
crops a year of sorghum1 can be grown at the 
Center. one during the rainy season and the 
other on Vertisols in the postrai nv season. 
Chick pea, a single-season crop, is grown during 
the postrainy season on residual moisture on 
Vertisols. At ICRISAI, as in normal farming 
practice, crops are often grown in various coin
binations and sequences, which we are working 
to improve. 

Other Research Locations 

In cooperation with five agricultural universities 
in India, ICRISAT has established stations on 
their campuses to test the performance of breed
ing material under v'arious climatic conditions 
and latitudes. These stations are at lihavanisagar 
(11° N), where we screen sorghtmn for diseases 
and pests and test pearl millet at a daylength 
analog sinilar to the Southern Sa heliant Zone of 
Africa; Anantapur (15' N), a drought-pronte 
area whete we screen pearl millet, sorghuin, and 
grourd nut unider dry conditions in tile rainy 
season; I)harwad (15, N), an especially good site 
for pest and disease screening, e.g., screening 
sorghum for downy miildcw Gwalior (26' N), in 
an area where most of India's long-duration 
pigeonpea crop is grown: arid llsar (29° N), 
where chickpea and pearl millet are tested under 
chinatic conditions iil which they are nmostly 
grown, and short-duration pigec itpeas a re tested 

inia region where they are increasingly being 
grown in rotation with wheat. 

Our research in Africa is carried out at the 
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ICR ISAT Sahelian Center, near Niamey, Niger 
(13: N, 20 E, 585 mm rainfall)-which is being 
developed as our principal base for millet and 
groundnut research in West Africa, and farming 
systems associated with those crops---and at 
national research stations in these other African 
countries: 

Burkina Faso---Kamboinse (12' N, 2' W, 827 
mm rainfall), where the principal work is on 
sorghuI---wiith particular emphasis on Stra 
resistance--millet, and village-level sociocco-
nomic studies, 

Mali--Cinzana (130 N , 6' W , 682 rm rain-

fall), where we are researching sorghum, millet, 

and agronomic practi-es associated with diese 

crops.
 

Nigeria -Samarul(I FN, 8'E , 1133 mri rain
fall), whcre our breeder posted at the Institute of
 
Agricultural Research works on millet. 


Senegal--IBambev (15'N, 160W, 634 mn
 
rainfall), where the emphasis is on developing 

improved inillets. 


Kenya--Nairobi (l 
 S, 370 , 1066 mm rain-

fall), the center of an ICRISAT regional net
work testing sorghum and millet in four major 

agroecological zones: high, intermediate and 

low elevations, and very dry lowlands.
 

Sudan-Wad Medani (14' N, 33' E 373 mm 

rainfall), where the major emphasis has been on 

developing sorghums that 
 can withstand 
drought, and El Obeid (13' N, 300 E, 418 nn i 
rainfall), where our millet research is being car
ried out. 

Malawi--Chitcd'e (14'S, 340E, 880 mm 
rainfall), \\,here our regional groundnut 
improvement program "or southern and eastern 
Africa is based. Chitedze, located on the 
Lilongwe plain, has a tropical continental cli
mate with one rainy season from November to 
April. 

Zimbabwe--Bulaiwayo (20' S, 29' E, 588 mm 
rainfall), where our cereals improvement pro
gram for the nine African countries of the 
SADCC region is based at Matopos Research 
Station. This will be one of ICRISAT's major 
research projects in Africa. 

ICRISAT also has scientists posted in these 
other countries: 

xviii 

Syria-Aleppo/Tel Hadya (360 N, 370 E, 340 
mm rainfall), where our staff work with 
ICARDA on kabuli-typechickpeas forspring or 
winter sowing in the Mediterranean region, and 
South and Central America. 

Pakistan -Islamabad (34" N, 730 E, 960 mm 
rainfall), where the emphasis is research on 
developing chickpeas resistant to Ascochyta 
blight. 

Mexico-Our breeder and agronomist based 
at Cl MM YT, El Batan (19' N, 990 W, 750 mm 
rainfall), work on high-altitude, cold-tolerant 
sorghums and material adapted for low and 
intermediate elevations Latinin America and 
the Caribbean. 

The Weather 

In the following figures we present rainfall and 
temperature data for the main locations of our
research.
 

I
1984 rainfall [z Normal rainfall 

*----U 1984 max temp 
•--a Normal max temp 

---- 1984 min temp 
.......... a Normal min temp 
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ICRISAT Center. File annual rainfall in 1984 was 655 mam, 14% less than the normal 764 mm. The 
rainy season total (June to October) was 591 mm against the normal 653 mm. Rainfall during 
September was 39% less than normal. The average daily maximum temperature in May was 2' C higher 
than normal, as it was at all our Indian cooperative research stations. 
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Bhavanisagar. Rainfall received in 1984 was 657 mm, i.e., 9% below nornial. Sixty-six percent of tile 
annual rainfall fell during March, S;eptember, and October. 
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Anantapur. Rainfall in 1984 was 176 mm, 69% below normal. Of 563 mm normal annual rainfall, 42% 
is usually received in September and October. This year rainfall in these two months was only 59 mm. 
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Dharwad. The annual rainfall in 1984 was 725 ram, I % below the normal 818 mm. However, rainfall 
from May to October 1984 was normal (700 mm). 
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Gwalior. Rainfall received during the 1984 rainy season (June to October) was 701 am, 17% below 
the normal 843 mm. 

400. 

44
 

300 

0 33

- 20 10 22. ..'-0-
HCL

Q... 
13 9 :j n , - q o "q i 

0 I 2 3 4 S 6 7 9 10 1 1 27 
 0 1 2 3 4 5 6 7 0 9 10 11 12 
Month 
 Month
 

Hisar. The total annual rainfall, 351 mm, was 21% below the normal 447 mm. From June to 
September 331 mm rain fell, less than the normal 351 mm. 
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ICRISAT Sahelian Center. Rainfall received fron June to October was only 216 mm, 63% less than 
the normal 588 mam. Total annual rainfall was only 59% below the normal 638 mm. T'L.e average daily 
maximum temperatures were lo%L- than normal, except in July, August, and September. 
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Kamboins6. Rainfall during the 1984 season was less than 50b of tie long-term average at Kani
boins. Temperatures were lower than in a normal year. 
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Chitedze. Rainfall was similar to 1982/83,683 mm from December 1983 to May 1984, but unfavora
bly distributed, with less rain and dry spells in January and late March. Total rainfall in April was only 
13.1 mm compared to 42.5 in the previous season. 
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Bulawayo. Rainfall was lower in 1984 than in a normal year with far less rain than usual in January
and February. 
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ICRISAT Plant Material named by the Plant Material Release Committee (PMRC), 1983-84 

Notice Crop Type of material 

84/I Pearl millet Variety 

84/2 Pearl millet Variety 

8'31 Pearl millet Male-ster;!.e 

lines (A and B) 
" 

84,4 :Pearl millet Inbred line 

84/5 Pearl millet Inbred line 

84/6 Pearl millet Population 

(sibs of 
sister lines) 

84/7 Pearl millet Inbred line 

Original name 


WC-C75 


IBV 8001 

IBV 8004 

2068A 8.\343A) 

206813 813(84313) 
2221A IA(842A) 
2221B 11(84211) 

SIOA (834A) 
SiOB (83413) 

ICMPE 13-6-27 

ICMPE 13-6-30 
ICMIIT" 134-6-25 

ICM PI 134-6-34 

SSC PS 2S2-S-4 

ICI 7517-S-I 

EI3S 46-1-2-S-2 
F.B 112-I-S-I-I 

NI 588-5690-S-8-4 
P489-S-3 

ICMI'IES I 

ICMPES 2 
ICMPES 28 
ICMPES 32 

IP 2696-1-4 

xxiii 

New name 


ICMV I 


ICMV 2 

ICMV 3 

ICNIA 2 

ICM I 2 
[UMA 3 
ICMB 3 

ICMA 4 
ICMIB 4 

1CM I. 1 

ICMI. 2 

ICNI. 3 

ICNI1. 4 

ICMI. 5 

ICMIL 6 

ICM I. 7 
ICMI. 8 

ICM1. 9 
ICMI. 10 

ICMIP I 

IC'MP 2 
ICMP 3 
ICMP 4 

ICM L II 

Justification 

ligh-yielding variety released for 
general cultivatin iln India by 

Government of India, Ministry of 
Agriculture, I)cpartment of 
Agriculture and Cooperation. 

IHigh-yielding cultivar in 

pre-release .tage in Senegal. 

New male-sterile line for the 

production of new hybrids. 

Source of resistance to ergot 

Source of resistance to smut 

(7lypovormmi penicillariae). 

Source with combined resistance 

to ergot (Chi'icepsfus!/ornis), 

smut ( bl'rposporium penicillariae),and 

downy miloew (Schroy)ora gramiinicola). 

Source of resistance to rust 

( fAv''inia iwnni.eti)controlled by 
a single dominant gene. 

Continuted
 



Notice Crop Type of material 

84/8 Sorghum Pure line 

84/9 Chickpea Pure line 

84/ 10 Chickpea Pure line 

84/ II Pigeonpca Line 

84/12 Pigeonpca Population 

84/13 Pearl millet Inbred line 

84/14 Pearl millet Inbred line 

84/!5 Sorghum Pure line 

Original name 

SPV 351 

ICCC 4 

ICCL 82001 

ICCL 83006 

ICCL 83004 


ICCL 83009 


ICP 8863 

MS4A 

P 7 

SDN 503 
700251 
711516 

700651 

700481-21-8 


11P537 11 

11111776 

(Souna Mali) 
IP 2084-1 


P 24 


D 212-PI 


SPV 386 


New name 

ICSV I 

ICCV I 

ICCV 2 

ICCV 3
 
ICCV 4
 

ICCV 5 

ICPV I 

ICPP I 

ICMIL 12 

ICML 13 
ICML 14
 
ICML 15
 

ICM L 16 

ICML 17 

ICMI. 18
 
ICM 1. 19
 

ICMI. 20
 

ICMI. 21
 

ICMI. 22
 

ICSV 2 


Justification
 

Released cullivar in India.
 

Released culhivar in Gujarat State, India. 

Combines acceptable kabuli 

seed-type with wilt resistance and 
short duration. 

Recommended by AICPIP as source
 
of resistance to wilt (Fttsaria, tuhin).
 

Source of translucent anther-type 

of male sterility. 

Source of resistance to downy 

mildew (Sch,r(osora grainicola). 

Source of resistance to rust 

(Pticeiia pennisei). 

Released cultivar inZambia.
 

xxiv 
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GENETIC RESOURCES UNIT
 

Germplasm is an important raw material for any 
crop improvement program, yet it is constantly 
faced with extinction. Before the newly-bred, 
high-yielding varieties reach the farmler, there is 
a need to collect 	his centuries-old, traditional 
landraccs that will otherwise be replaced and 
permanently lost. The adoption of evcn a single 
successul new cultivar mav wipe oit the diver-
sity achieved over centuries of natural and 
human selection. 

Since it is an irreplaceable and invaluable her-
itage, germplasm must be collected, conserved, 
protected, and shared freely for present and 
fiuture use. For this, international institutes like 
ICRISAT, in collaboration with national and 
international organiations, havc a unique role 
because their global perspectivc of plant genetic 
resources enables them to assess vulnerabilitv to 

erosion, and to assign priorities to crops and 
areas ihat must be col!ected before gcrmplasm 
diversity is lost forever. 

The general objectives of the Genetic Re-
sources Unit (GRIU) are to collect, maintain, 
evaluate, document, conserve, and distribute 
germplasin. 

We have made a number ofgcrmplasi collec-
tion missions in several centers of diversity, paZi-Re. 
ticularly in Africa, Asia, and South America. 
Wherever possible, the gaps in the world collcc-
tions of our miandate crops are being filled by 
correspondence and exchanges with other gene 
banks and crop improvement scientists around 
the world. 

The assenmbly of germplasm of ICRISAT 
mandate crops from all over the world and its 
distribution to scientists on reILItest is chaineled 
through the Central Plant Protection Training 
Institute (CIPTI), Ministry of Agriculture, 
Government of India, and is subject to quaran-
title regulations. 

Present and Future Areas 
of Collection 

The priority areas for our mandate crops, given 
below, arc identified in collaboration with the 
International Board for Plant Genetic Resour
ces (IBP(i R),and IC IS Al and national scicnt
ists in germ plasm 	resource areas. 
Sorghtin and Millets 

Asia: Burma, India, Indonc,:ia, 
Nepal, Pakistan. 

Eastern Africa: Fthiopia, Konya, southern 
Sudan, Uganda. 

Southern Arica: Iesotho, Noaiiqie. Swai-

A a: . kina aso, had,
hana. Iory Coast. N aurita

nia, Nigeria Togo. 
n gria. togo. 

Other areas: 	 Angola, Central African 
Republic, China. Congo, 
Saudi Arabia, Syra, urkev. 
Yemen Arab republic 
YeARen Arab embicRes 
(YAR), People's emocratic 

Zaire. 

Chickpea 
South Asia: Bangladesh. Burma, India, 

Pakistan. 
Southwest Asia: Afghanistan. Iran, ' urkey. 

Central Asia: lJSS R. 
Africa: Ethiopia, p'trts of northern 

Africa. 
Pigeonpea 
Asia: Bhutan, BurmaL. China, India. 

Indonesia, Philippines, 
Thailand. 
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Eastern Africa: Uganda. 
Table I. Additions to I(IRISAT germplaslm collec-Central and tion in 1984, and cumulative totals, 1972 to 1984. 

so the rn A frica: A nigola, 2' i•re. Sor- learl ('hick- Pigeon- Ground-
West Africa: To be explored. Origin ghliil millet pea pea [tlit 

Americas: Caribbean Islands, South AFRICA
 
America. Benil 193
 

lurkina F so

Australia: Northern Territory, 

- 353
 
Burlnl 70 di 


Queensland. Cnameroon - 20
 
G roundritt Congo 3
 

.thiopia 217 1
Asia: Burma, (hina, India, Indone- Kenya 104  143 
sia, Thailand. Malawi 6 3 

Mali 550Eastern Africa: Ithiopia, Malagasy Refub- Morocco I -

2 

lic, Malawi, Tan/ania, Mo.,ambique - 10 -
Zambia. Nigeria -R'Wand a 86 - 5270 -  -West Africa: Chad, (ihtna, Ivory Coast, senegal - 148 
Mali, Niger. Sierra Leone 4 

Northern Africa: Egypt, Sudan. South Africa 19 68 9 
Sudan 23 45 9South America: Brazil, Ecuador, Paraguay, Ilalia - 54 40 

Peru, Uruguay, Venezuela. logo 258 
Zambia -  58New and important collection a reas are identi- Zimbabwe - 88 57


fled annually 
 based ol fresh information 
received about genetic erosion, diversity, and A-IA
 
degree of representation in the ICRISAT gene Afghanistan - 2 
bank. Cyprus - 22 -
India - 333 180 216 53

So far we have assembled 24604 sorghum Iran - 574 - germplasm accessions from 82 countries, 17081 
 Korea - I - 
pearl millet gernplasm accessions from 37 coun- Nepal - Itries, 13818 accessions of chickpea from 40 Pakistat - 3 2countries, 10 104 accessions of pigeonpea from Philippines - 17
37 countries, and II 488 accessions of groundnot Sri Lanka - I 
from 82 countries (Table I). We have also Syria - - 3 - 

assembled 4992 minor millets accessions (Table lurkey - 1 3 
2). In view of the diversity areas yet to be Vietnam - - - 3 
coveied, the number of samples is still small, Yemen Arab 
although it represents the largest collection of Republic 30 
ICRISAT's mandate crops assembled and con- IU ROPE 
served at any one place. This material is well Federal Republic - I
maintained and readily available to crop of Germany 
improvement scientists throughout thle world. Republicemocratic;erihlan 


Evalation, screening, and identification of Spain - - 32 
new and useful genetic traits are progressing UKI 76 27 
well. These activities are continuing in close col- USSR 
laboration with all ICR ISAT crop improvement 

- - 2 
Continued 
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Table 1.Continued scientists. Sonle of' tihe most exciting and prolnis-
Sol- I'erl Chick- Iligeon- Ground- ing results are the fruits of these interdisciplinary

Origin ghnm millet pea pea nut efforts. Several desirable genetic stocks, e.g., the 
drought-resistant sorghums IS 13441 (Zim-Il11 AN11:R ICAS
 

BraidI babve), IS 20969 (Kenva), IS 22380 (Sudan),

eic, 
 andi5t-IS 1347 (F1gypt) have been identified, and 

lUSA 2 - 488 some are already being used in current breeding 
AtS', IR.,\IA programins. Germplasm conversion ]';s made it

.A\ustralia -It possible for breeders to titiliie photoperiod-
SNK-N
0. N 4 sensitive tropical gerlplasm. ()ur untrogression 

work transfers desirable trails fromiiild species
tolal ill198-1 1700, 1059 8.11 4156 923 to adapted c ltivars.(r uitiula total' 24 04 17081 138 WI N0 1-IS All geri plas....... ...................... ... ..... . ....... ,It ett planlis st o re dIin;med iu nm-t e r nmno \\, 
Il a 110 11 COtIntHCS urwlrldcd 11011uthI cold storiage at -I4'-C and 35 to 4(,' relativeI;lIdl tal 

,,\al tjmc,.K*,ltotla UK. humidity. Oir latest germinaition tests show that
'rutmX ,.1+,.+ )' alter 3 yea.rs' storage., 90,' of the seeds are viable 

and germinate. 

Table . Additions to minor millets collction in 
1984, .%nd cuimlalive totals, 1976 to 1984. erlilphisli Distribution 

Accessions ('umulativek lhe supply o1 seed matcrial to scientists worldspcies in 1984 total wide is one of the ml.jor rcsptsibilities of IC'R I
Il/loile coral at 350 1863 SAT. Requests for gelillplasill accessions from 
(linigm millet) the semi-arid tiopics (SAI\) arc increasing every
Netarilita/t a 14 1260 'year. (iIR It supplies available samples free of 
(foxtail millet) charge to all national pr~ogramls.
I', i Om l6mii,'dil 75 l)iuring tile Near 35 298 samples \\ere distrib
(proso millet) uted to scientists at I(RISAT Center. 8914 sam
/'u ciottl o/ol iwltru 7 291 pies to scientists in India. and 20 776 samples to
 
Oi.htttohhia irttall; 93 517 scientists in '5other countries (IFable 3). 
barnvarM millet) 

I'axpal/wh tm +,/,iauln  308 Sorglul ( ernplal 
(kodo millet) 

This year 1706 new accessions were rej uvenatedlotal 480 4992 
and added to the sorghum gene bank, raising the 

Table 3. Germplasi s:anples distributed in 1984. 

RISAI1C , Within Other Iotal samples No. ofCrop Ccnter (I India (2) countries (3) ditrihuted (243) countries 
Sorghuu. 17477 2123 1466S 1(9I1 23
Pearl millet 3317 147 3651 3798 17
Chickpea 2844 488') 1707 659h 18
Pigeonpea 3,167 1164 452 lo 1 22
Groundnut 8193 591 298 881 II 
Total 35298 8914 2(1776 29690 91 
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Large, compact panicles of highland sorghum ieith 

big, tight )ellos gr'ain collected during in expedition
tolIhle .. 198,4.
Yemen ralh R~epublic, 

total to 24604. [he new accessions were 
assembled by collection and correslpondence 
from Benin (193), Iurtidi (70), lthiopia (217), 
Kenya !104), ialawi (6), Mali (550),. Rwanda 
(70), South Africat 109). Sudan (23), logo (258), 
and the Ylneli Arab Republic (30). Senent'-six 
samplCs, for which cllection detailsarasaited. 
were reeilved from the Royal Ilotanic Gardens, 
Kewx. UK. A large part of the collection this year 
wvis from West \frican countries through tile 
collection inissiums organized bv the Institut 
francais dc recht:rchic scicntifiqie pour Ic dhvel-
oppment en ,oop~ratolln (ORS IDN ). 

A collection expedition was organi/ed in the 
Yemen Arab Rpublic inl collaboratioln with the 
Ministry of' Agriculture, and 171 samples of 
sorghum represent:''lg tile variation in high 
(1500-2500 11). mcdtil (500-1500 il), and low 
(0-500 Ill) wcrc collected.altituade regions lhis 
country has i \Calth of sorghul laldraces \\ith 
a w\'ide range of' variation for panicle and grain 
size. Most of t',laudrace cultikars elong'otlie 
Durra, DUrra-caudatuin, and I )urra-guinca 
races. Highland sorght nis have lirge compact 
panicles, and big grain \yith good yield potential. 

Lowland sorghutns mature during high temper-

ature and humidity conditions that are ideal for 
grain mold infection. However, we collected a 
dual-purpose landrace locally named Khaira, 
used both for grain and as fodder. It has clean 
, Iuain indicating possible resistance to grain

m1old in]'ecti0n. 

AItotal of 2048 accessions fin (aieroon 
(98), Cape VCrde Islands (1), China (13). Lthio
papl (2), France (314), German Democratic 
Republic (3), IItugari (75). Kenya (7). Norocco 
( Siera I.Lole (99), South Africa (68), USA 
(1089), and Zimba bwe (274) were g ro\n in tie 
posteitry quiariintine isolaitiori airea (I)FQI A) for 
inspectiu and release. 
Io
meet increasing requests for seed, \\C rein

ienated 6074 accessions b\ sclling during lhe 
postrainy season. All the accessions are ]no\\collserved illilled nmilii-tCrm1 cold storage. I )iring 

the postrains' ad iny seasons. 1700 

asseit fled accessions \\Cie chiaractcri/ed and 

evaluated it ICRISA] ('enter. isins I('RI-
SAT fPl(;RR soigiuiii dcSriptlrs. 

We supplied 17477 sced sa inpics to scientists 
in tile Sorghum Imlirocentil iogrra in o be 
screened for resistance to insects, diseaises. andt 
drought, and for use in bree'ilig programs. 

\Vc supplied 2873 accessions for Ise as base 
material to the ICIRISA I Southern African 
l)e\eltopmenl ('toordination ('onference 
(SAI)CC) program recently started in Ziml
babwe. Ihis naterial includes 261 prom1isinIg 
selections from our conversionl program. 

We coitinled oll Conl ersioln prograill that 
involves the tlransforitlin of tall, photOpcriod
sensitive tropical landraccs to short. day-neutral 
background plants using Ibackuross breeding 
proc ednrc. [his progi,linl prolmotes the lo\\ of 
tropical gormplasnl 11to breeding programs at 
ICRISA] ('elter and oilter naililll programs. 
I', and I backcross populations involking 
ZerCi land riCSe: grown itICRISA] ('enter 
in 1984 pioduced promising segregails, and 
fiirlv tiiilorill progenies; neitilv 1386 selections 
were made by bleeders and or trainees fromll 
different countries. as \\cll as by representatives 
of private seed companies wsho visited IRIC1S. I 
Center. Single-cross :, populations involsing 

Kaura, Faraf'ara, and (huineense landraces from 
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Nigeria have produced desirable segregants Ko.ea kl), Nigeria (86), Pakistan (3), South
 
(although in a low proportion) with early dura- Africa (68), Sudan (45), Turkey (I), UK (271,
 
tion and short plant height, that retain other USA (28), and Zimbabwe (88).
 
landrace characters. Selected plants will be used An expedition to tie hilly areas ef the Eastern
 
for backcrossing in the conversion program. hats in India, i-ahabited by several tribal corn-


The herbari urn of cultivated sorghum races at mu nities, yielded 109 primitive cultivars of pearl 
the R oyal Botanic G a .rdens, Kew , U K , m illet, and 4 accessions of P Im iset mtuho he'

assembled by Snowden prior to 1935, has been nackeri, a wild species of l'cnnisetm. Among 
studied in detail in order to develop a new 'sub- the cultivated pearl millets there are two distinct 
race classification svstenl' at ICRISAT Center. types- early- and late-maturing. Early-maturing 

millet is locally called Pitta ganti' and is usually 
Pearl Millet GCerlplasni grown as a transplanted crop. The grain is small, 

and(l elongated, with corneous cnlosperm. The 
[During tile year we added 1059 accessions to the late-ma turing type is usually grown on hill slopes 
already-existing 1l6,022, raising the total acces- by the 'Savara' community. The \hole grain is 
sions in our genc bank to 17 08 1. The new addi- cooked like rice. l)ried leaves of /'',nni.'tm 
tions arc fromi Brazil (I), Burkina Faso (353), hoi/enackeri are used to make rope for \w' ving 
('am1e'On0 (20), Congo (3), Ethiopia (). Gcer- cots. 
man Democratic Republic (I), India (333), \Ve rejuvenated 24 19 access ions for wh ich the 

ICRISAT botanist collecting primitive pearl millet cultivars in Araku valley, Eastern Ghats, India, 1984. 
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Seed quantity was depleted. We evaluated 1303 
new introductions including the 1983 collect ion 
ro*1 Punja b. 
For quarantine inspection and seed increase 

498 accessions from Cape Verde Islands (I), 
0 J France (6), Geriman I)emocratic Republic (2),4~ li (3), Morocco (3), Niger (I), Nigeria (436), 

ciejrai. 
+ ."; (5), South Africa (31), U.SA (8), and[.'SR (2) wele son in the IPQIA. f'hcse 

'1 includethe accessions collected bv ICRISAT 
scientists froMi lOrthern Nigeria in 1983, SouLh 
A Ca in 198 ). and the Ohle pairs ofmle-stetile 

*linex eloped 1wv()RSl()1I. [hc 58 Lecessious 
fiio Sierra .Ctleoc sown in t'Cl'ebuar' 198. didu iIC)ctob',"('oxc iridicat iii their .stronlg
not1 Ilo\\cr tll ti]ri d cli ic r"10 1111 g 

leretgti scsi tixitv. )lthe sexcii accessions 
I i Sudan so\tn iii Februtr r\ 1983, I'te,1116tt111 
/,urum did not 'loxeCr till mid-Nox\ember, 

\\ILilt..four" of the CIltixatlCd accCssiols segee-
L 'lcdfor carl - aid l;atc-ilat IIing types.
,M\l lines idcntilied Irolll thc (ialle-stcrile a 

ilid Botsx\iIla gr:nlplasrlil accessiins \wclC lnd 
to halxC dox\llv orildC\\ rCstaillcc. lest C.losseS 
x made ICR1 1 irillet\crc \\ithi 11.\1 pollinatorl. 
se\Cral rcstocr 1411 andmiiintaiicr' (33) ilires 
\\clcidctitliCd. aid eight hylvii s x\ciC de\el
oped ltflirtlier testiiig.

Dl)urine the toitso of pearl millet ger1pla Si 

Plennis'mt hohenctkeri (abmve), a exalumtioii at I('R ISA Center. naturall'siIdmiill etgro ,- ocCr r'ring. i lmci IUtalits aflecti ng chloroph'lling inthe Eastern ;hats, India. used b.%,the local 

farmers to make rope for weaing 

a m 
cots (belos). ''rig (icut \trisoimted onithe nt"f:SClfinu.(;cuttle st ics LO11dutCd oil the nature 

iof
hcritance of different striped charailcters 
Stblished that incinch ease the iiiiitarnt coidli

60ot is goxCriCd b\ a sinle recCssi\C gCnc. As 
most of the niultanits Call be idciitiliCd at gelirim
tio. the ciia bel \cix xltahle ais seedling
I '<a.II'I'sor nippiiig Cliroriosorires. 

In coll:ihobaliot 
 \\ith the ICRISAI Pearl 
Millet Impro-mmnt Prtogram, \\c mxilualcd 220 

accessions f'om (ihalia and logo at ICRISAI 
Center., II isartan Blha\ t isagaf1to idc ti'' lines 
fol further utili/u:ioii. 11oii thile q aitiiie 
gro\-ott, siriglc-plaili selections \clc Made 1w 

;' tile hilcedeis ma inly' ftor grain color and si/c. 

Agrtolloimicil ly-sttpuperi Itrliles \\efe selected from 
the postrailnv season grow-oit. Farlv' and (xarf 
m,ImutaltS iiducedl froii tall ani late-mate uine 
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West African gerniplasm accessions were also 
selected for yield potential testing. 

Chickpea Germplasmn 
13,1"Ze- 77In collaboration with the Plant Genetic 

sources Center of Ethiopia, we collected 210 
chickpea samples in 1982 and 104 in 1984 from 
chickpea-growing provinces of F thiopia. Ihe 
nort hCasterl egion o1 the co untry is still to becollected. Chickpea populations were extremelyheterogeneous and will be subsampled to make 1C 8 
them uniform. l)uring the year, 831 I nuimbers 
were registered in the gene bank of which several Chickpea seeds collected in F-tiiolpia showing heter

ogeneity in samples from indiiduail plots. 

came from the United States I)partment of 
Agriculture (IUSI)A) gene bank. At present acces
sions nuinl,,. 13 818 representing -10 countries. 

We continued characteri'/ation;and cvalua+)tionat ICI S AT Cente r atlid IlIisa r: 55 25 ent ries 
X, 0were sown, and 3680q exalua.tcd. Nearly all 

' Ce tieIs al IlISMr \\'C e dilil;.iged(fie to soil Iproh
i ~ ~~~lins.At I'R IS,,\ F (Cent-u. ceta'ini gt.rill pl;lSlill 

, . sets. laildraces, 'lild dry root rot -resistailt acces

.graill 

siolns \'tuC exalii.ed III replicated trials. lhe 
yield per.lforllln.llice of Some accessious was 

p, ,edttero thalng-dutil c icI i test 1 indccd 
I I I I 1an1S,l sin g ItIficia0 tli . arl ll cfloIn-
ickp., e'a.-r melt lsctlint Irogenis also 

Sete eendpromise. of fusaciIsin\ rresistance. 
II the short cool setorisll i6 I4S.0, I telnti 

froinl Ocotoer to Mrch It is difficult t anrise 
e t ai sseedso aog-duration chickleas. With extioded 

ts d son l tgtuisingt oeall.rificsi lht,carl \ o69r6cei-g 
m'les 
rmill 

ieducd andis ,c could satislnacgt-il naithose accessions andtilttle wvild species. 
-

Chikpe-related d Isciplinies a.t ICRISAT 
Center screened gernipla, accessionls for resis

, ;.,., ' 
tanlce to co~lletotrihunl blight (6 140), stunt \iruls 
(338), I1hlothis (itm(,era (528), and f'or higher 

.. ",; ... :,4Protein content (I1147). Breeders selected arid 
Nlenber of the 'Savara' community in the Eastern evaluated 204 accessions Ifm- bttcradaptation to 
Ghats, India, showing a late-mnaturing type of pearl arly sowing. Physiologists screened 1696 accs
millet that is cooked like rice. sionis at H isar to sclcc it an gcllcnt-resp~onsi\vc 
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tion. Good plant stand enabled us to record station at Gwalior. 
morphoagrononic traits from over 1100 lines. We grew 935 lines for rejuvenation. Plant 
We began characterizing the early pigeonpeas at stand and flowering were excellent and we 
l]isar in 1983. In our first attempt we secured expect to secure enough quantities of seed to 
data on 224 of the 278 cari ' lines we grew thcre, meet the needs of otr clients. All wilt-resistant 
In 1984 a furtlher set of 19 extra-early and 294 lines w\'ere raised in wilt-sick plots for rejuvenla
early lines were grown at I lisar. All lines estah- tion and further testing. 
lished \ell and data are being recorded. )ay's to To identify pigeolpeas with less photoperiod
50j flowering 'arv from, 70 to 131 anrid plant ic senisitivity, we conducted prel i lntINscreen
height varied from 105 to 295(m. This once ing of,'1080 lilies by sowing at different periods in 
again confirms that Ilnatnrity classiihatioi based 1983 '84, starting in midt-November. All except 
on observations recorded at one Iocl"t ion mayM 14 lines were found to be sensitive. Elite lines 
not necessarily hold good at other Ito'Mtions. chosen from pielimiiary screenings are tested 

From the long-duration liiies, we s:lected 60 for photopcrodic insensitivity under extended 
landraces with impressive agronomic traits and davlength Itaid in 1983 84, a set of 400 lilnes were 
conducted a preliminma ry evaluation of these screened. Of these. 395 lilies floe\\red, though 
traits. Most of the liues of this set were also the days to t]iowering \aried compared to tile 
evaluated at V iianaga ratr in collaboration with control. All tile control liires also flowe red. The 
tle Andhbra Pradesh AgricultUral IJniiiersitv test gave irs a ft'rt, :r opportunity to purif.y liires 
(APA U), and the ICRISAT cooperative research which \were segregat inrig for photoperiodic insen

14S4 

inor 

Wild annual species of Cicer s howing variations in plan( and seed morphology. 
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Ihreshinig pigeonpcts in Mahn',i. Samples from this 
colntr , snt to I(RISAT (nter ill1984 proided 
good %oLrces of genes for inmroing %egllbih t~pes. 

sil\it\. Iiuring1984. 400 lines of1another set 
\\CI'C rown under elltended davlitl to scren 
agii,,t phototpcrodoic isisiti\ t and l'r 

prftiilie on. 
Pathuologists sClclled 190 liles tor rtcsistancc 

to w\ilt (l.ariimo, tId/im) and sterility mosaic 
diseases, and 2079 lines lbr ph.\tophthotra blight 
I('lhq,lrhihlora h'.h,lri .sp. ru/tmi). and cnto-

mologists screened 81 lines lor insect resistance, 
A total of 258 lintes emc ailVA/d 1W the 1Io-
chemistry Unit to record seed protcin content. It 
varied from 15.2 to 24.01i.\\ith a mcan ofl20.0('. 

We isseimbled thirolugh correspondence anmId 
collection i nuimber of wild relati',es of pigeon-
pea. Ihese included I I species of Rhinchosia 

from Malawi and South Africa, 3 species of A.-I Sia l'rom Australia and Ethiopia, and an Lri-

M1 1.1(1species from lthiopia. All these arei now in 
ouril"
solation field. At present the wild gene pool 
consists of 192 accessIols represe. Ing 46 species 
aind 6 genera. 
TIItiunate \%I ,pics accessios and titlre 

i'e some of then ftor introeression, a total of 21 
icccsshois helonging to II species and 2 genera 
\wcre raised il the IRISAT Botanical Garden. 

\Ve confirmed male sterilitv In t\o accessions 
Mich aric no\ being grom for seed rcase. 

l7IaSSl)ort of all rcgIstcretd accessions iallddata 
X\litii: ion data of all eval Ltaitcd lines are nlow 

a",ila hle nIIan easit-retrie\able colIII pitIer 
svstcll
 

(Groundlnut (erniplasn 

I )uring 1984 wc coltIiued to collect and assem-
We grotindniit gernlIphlin, ra.ising otir total 
accessioims to I1 488. [hc introduction, included 
n-iaterial collected by t icr o ' iIal ti ,lroiil 
.A (205. includhlu 10 I A.1 ,ici' s)., hilS i,ia .... (58), and SuaLn (9)). anid assemlhed roml 

iI resource 
RCcherchs.,\grotoiltiqUcs ((i'NRA). l3amly. 
Senegal (148): So),uthcrn Regional Plant Intro

k, lli\\ centers e.g.. Centre.- Nat ionail de 

duction Sttioll (SIR PIIS). l:xperilment, (ic'orgia. 

,SA(274). atnd ('rop 1recding Institute, ((II I) 
Ilarare, Zimbabwe (57). [he accessions col
lected by ICRISAI ,cicnti,ts in Inuia (23) in 
1984. and inlNigeria (52). Sierra I cone (4). and 
South Africa (9) during 1983 \\ere rClease.d 
Ihrough quiiantinC duIring 1984. Most of the 
introductils \were niltplied dulring the rainy 
semon lind a few oftheml \wercplanted during the 
pstra iny season. Ihesc neIw accc,;i otls have 
contribted to atsignificant increase in tihteiail
ahle groindnitt \ariabilit\ in I R ISAI "sgent 
bank. 

Iicollahoration \\itllthe Centro Nacional de 
Rccmttsos (enclicos (('INAR(I:N) of FInprcsa 
Brasileira de Pesquisa Agropecni5ira (I-
IIARAPA), tile Inter-Alricani Institute for Co
operation oil Agricultire (I ICA), and I HIP; <.i 
collect ion mission was Liudertaken froml 10 tL 28 
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April, in Mato Grosso do Stul State. Brazil, the postrainy sea"n 3157 accessions including 
which is one of the main centers of diversity for 490 new introductions we'cre grown, mainly for 
.,Irachi.'. A total of 73 ,.Irachis samples wcrc reiuvenation and seed multiplication. In collab
collected and an additional 31 populations were oration with I('RISAT groundnlut Scientists wve 
sampled for the herbarium. Ri,iobium nodtlCS screened a bout 800) icCCssiollS for insect. d is
were obtained 'rol 27 .1ruchis populations. The case, and drought rcsistances. lricliniinary 

specics collCctCd bclonteCd to threeCC sect ions results Indicate iew so llrcc of icsistaincc to. or 
. lrachis. l)'"ectoulhes (series 7rio/oiolatae and tolerance of. rust ( I'taciiia arachi,/i.\), vellhw 
"et,/ndiolata'),and Rh ,iz)omalosa. col- (..1 ./lavto.). leafWe mold wrgi/h.s and miner 

lected one accession \which could he a new spe (.. proacrlaioiwclIa)..'evcnt'-thrcc m\ild spe
cies in section .Irachi.,. We also hbtai cd cics a1ccessions were grown for :eed inccease 
informltion on consCrsatiol of the sl ccies in because olincrcased demand for evallmation and 
their natural habitat, and o; the occitlllcc of utili/ation. 
pcsts and diseases. It appears that ..Irachis IllaV )ocumentation has bnccut!crstmfterttcngthenct 
be inccted by \alllis discascs to aI ighcr degruc by comiputcri/ing pa ssport data to r 33 dcscrip
than \\its previously thought. tors for t0 000 accessions,, and computcri/ation 

l)uring the rainv: scason 2698 accessions of CValtationl data iS inl progrcss. 
including 146 a\ : 'valswere grown for sccd A short-petiole mutant ( ICG 10145) \sas idcnnew w 
incrcase as well as for charicteri~ation ofvarious tified and found to he true hreding. ]he inherit
morphoagronomic charactCs tu;ing the IWRI- ance of this character is being studied in 
SAY I llAP( 1 groudnu1d t dCscriptors. I)uring cotlaho1rattion with groundnt1ut brcclCrs. 

i(C( 10145, ai true-breeding, short-petiole mutant identified from our accessions1. We are now studying tile 
inheritanice of this character svith ICRIiISAT groundInut br.?eders. 
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Minor Millets Germplasm 

A total of 480 new accessions of five crop species
(Table 2) received from Burundi, India, Japan, 
Mexico, MioziambiqLe, Suda n, Tanzania, UK, 
Zam bia. and Zimbabwe were rejuvena ted dur-
ing the year raising the total gene bank holdings 
to 4992. The National Plant Quarantine Ser'ice 
released 180 accessions from: IHungary (104).
Kenya (56), and South Africa (20). Thev arc in 
the PFQIA awaiting release. 

/Using fItunds provided by IBI( R, \\e worked 
on the Setaria itatica and Paeti mic/flhiacecum 
accessions held in outr collection,. alld character-
ized and classified 1256 accessions of foxtail and 
750 accessions of PrOs) inillets. 

We distributcd 200 secd samples of finger
millet (l -Jeusinecoracala)to Uganda. 

Looking Ahead 

The collection p rogr-an will be flnrthr acceler-
ated depending on the availability of resources. 
More specific aniid pointed collections will be 
made in areas where ilimportant genetic traits 
have been identified.prgasp In all cases our collectionI programs will be undertaken in close coll;ibor-

tion with 
 national programs and scientists. 

In order to promote a safe and proper germ-

pla sm co llectio n , evalu a tion , con servation , ai11dia
utilization program, it has been proposed to 
establish regional genetic resotlrcCs activities for 
Africa and the Americas. The first such regional 
program will be initiated at the ICRISAT Sahe
lian Center (ISC'), Niger. 

We will also cxpan1d our research activities in 
the areas of germplasin viability, genetic studies, 
the effect of long-tern cold storage oi tie 
genetic and cytogenetic aspects of our crops, tile 
effect of insecticides anid fu ng'icides Oil seed via-
bility of conservcd gernplasi, ald will search 
for new desirable genes. genetic markers. and 
their mode of inheritance. The possible usc and 
application of other methods ofgerniplasn con-
servation and maintenance, sich as liquid nitro-

gen and in vitro culture techniques represents 
potential work in the future. 

Our introgression work to incorporate resis
tane genes from wild relatives will be given 
more emphasis in the future. In general, we will 
attempt to give more attention to the conserved 
material, not only to monitor its Niabilitv, bul 
also to undertake specific research work e,; the 
stored material. Long-term storage of':¢eels at a 
temperature of -18'C in scaled con t iiners is 
planned to enable ts to prtserve the original
samples withonut subjecting them to frequent 
I' ItIvCelations. Progress has been made in the 
construction of storage chambers, but the equip
lucnt has yet to be installed. 

Publications 

Journal Articles 
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SORGHUM
 

The main objective of the Sorghum Improve-
ment Program continues to be development of 
high-yielding, stable varieties and hybrids with 
acceptable food quality. 'Iomeet this objective, 
we concentrate on developing, or improving 
screening techniq ues for physical (abiotic) and 
biological (biotic) yield-limiting factors: screen-
ing gerniplasm accessions and breeding material 
for sources of resistaInce and other desirable 

plant and grain LIiuality traits: aid on utilizing 
material identified il r the breeding program. 

Our global sorghum rescareh activities are 
concerntrated at ICRI,SAT Center. our Coopera-
tive Regional Prograns ilr West, eastern arid 
southierr Africa, and in Central America ad 
Mexico.This report covers research results from 
1984 as well as those from 1983 which could not 

be re ported i ilnli 1983 Annual Report. 
IIind a, we used several locations \vhere high 

stress factors occur regulirlv. to adequately 
screen gerlpla snl accessrons and breeding nate-
rial for resistance to \arious s"Lltresses. [he loCa
tions for stem iorer arid anthracriose disease are 
IIisar and Palitnagar. both irnorthern ridia: 
Anantapur in southern India for drought: 
l3ijaIir and Akola for .SD'a siatira, 1)harwad 
for srgh urdownyiiildewa rnidge, and Blha-
vanisagar (ricar Coimbatorc) where we evaluate 
material for adaptation to latitudes near the 
equator. 

We conducted several regional and interna-
tional, multilocational disease and insect-pest 
nurseries and adaptation trials in Asia, Africa. 
Central America. and Mexico to learn more 
about the resistance stability of identified resis-
tant material, and the adaptation of improved 
varieties and hybrids over a wide range of envi-
ronuents. Our cooperators in those countries 
evaluated the material and selected varieties and 
hybrids suitable for their environments for 
further testing, or for use inbreeding progra rIis. 

Progress was good in improving arid start-

dardizing our screening techniques for various 
ablotic and biotic factors, which enabled us to 
screen gcrmplasm and breeding lines with more 
confidence. We identified material with 
drought-resistant traits, capable of emerging 
through hot, crusted soils, resistant to grain 
molds, downv mildew, and leaf diseases, striga 
asiatica, midge, shoot fly, and stein borer. 

Several of our varieties andihybrids were eval

uated in advancCd multihoeatiorMial national trials 
and onl farmers' fields in ma ny countries. In 
Inrdia, ICS V I (SPV 351) \was released as 
CSV I I ,and our sorghum hvbrid S P l 221 was 
tested in rilikit trials. Ill GIatClnala. NI 90975 
ardn M91057 were released as ICIA-C 25 and 
ICIA-C' 21. 

Drought Resistance 

(ermplasm screening. We screened germ
plasiaccessioisand breedinglinesfordrought
resistant traits undersevere nvironitalstress 
coriditions during the 1983 anrid 1984 summer 
seasons at I(CRISAT Center, and 1984 rainy 
season at Anantapur. 

In 1983, a total of 700 selected gerruplasm 
collection entries anrid advanced breeding lines 
were screened during tie summer at ICRISAT 
Ccnter. The material was divided into three 
groups; tile first two griups comprised germ
piasm collection lines selected from a wide range 
of laxoroiic grotups, geographical locations, 
and climates. while the third group included 
both gcrrnplasm collection lines, a nd 70 
advanced breeding lines. The three groups of 
material, sown at m.rithly intervals starting ill 
early February u ntil April, werc established with 
irrigation for 15-18 days. Irrigation was then 
discontinued, and stress was imposed. 
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We examined in detail the three traits indicated 
be low 

1. )Csiccation tolerance or avoidance, i.e., a 
CiSlr'e of the ailoint of leaf' aCa thit 

reCr;iiicd tiinsCorched or 'fired'. We scored 
leaf firing at regular int1, h,3 tri'g ihc stress 
period on atI to 5 scale, where I -- less than 
2(" leaves fired, and 5 : oxer 8(' Iacs 
fird.
 

2. Recoxery resistance. i.e..a hiilitv of a linIe t,
continue to prod rce new lci\es once tiletrlits 
begirn. We s orIed I -co\ resista nc on aI toCIV 
5 seaI, NOhere I =over 80t)7 ieco\LCred, anrid 
5 z less than 201 recovercd. 

3. Agronotmic score, i.e., tlie, abilit' of i stressed 
line to prMdItice cra ilwhlln the rainicOlies. 

We exaitined the iestilts of' the 1983 screen
iligs aid eta iicd lin s IliI had a leal-firien score 

)between I atiidt 2.9L i. 

llst resistat anrd SWItuCIIihlc to ICi I firii1. 


aiill 3.99 anid 5.Ie, e ilites 
li-

tre I shox., (Ite effect,01oI'CstrSese hetilt id(InCt
lack ol \ a et otl tx p icilk Iesi t(i t tt ls u epti-I'
hie liles. We selected 26 litrcs lotce-tu Itii t her n 
ing i I984. I-rulli the 1983 Ce\pCrtlletis \\C 

ctirlnuled that a iitch planting ga \c tile Most 
suitahle ail( rliahle ,clectioti p1resCll-c. 


'lie 266 selected Iiiles \ere so\ii oi 16 March, 

1984 itn al Allisori at 1('WRISA I (elll ill lot
 
rcplications. Ic crop \\ta etiilished \\itii irri
gatioll ari strI'es ipIItosCd tAIter 2( dla\ s. AllIhe 

lities experiCllced slitesses firori t'll iil 
 lack of, 

wlter litr a period of dil.t\s. I )uiillg tle stress 

period itrl\ 4.5 in of laiti 
 tell. iltl tite nit'ril 
ilitXnrtrtrr tetipet- iites x\eic los to40' C. Ilie 
sttess enlded8l valter itrrergeriee(I),\j fol-
lowing 21.6 mill tolrarn. We scored the triatrial 
for leafl firing al 48. 1 70. antd 81 days alter 
sowiig (I)AS). lor rcox er\ resistillie iat 89. 94, 
102, and 117 I1),\S. ani for ilgrtlrlolic scores 
whlerr tire lilnes reaicihCd lyif ltgicail Ir it litv. 

We observed 28 litres frot xanriouts ta.xonroic 
grounps riginratitng iroi 12 couinitries \ithiti 
range of altitudes aid raiifalls to be both firing-
resistanit (F-R). and able to recoxver froill sexvere 
stress (RR) (Table I ). Threc of these litres also 

taxv I II 

!t: 

T..V 
Z
 

4::
 

W 
V"d 

,m ,
 
Figure I. Effects of slrs essdue t) litrit aild lack of
 
italter on 1%so sorghnl cultikirs, IS 22327 (lIft), i
 
resitalnt line from iolsistatna, alid IS 12741 (righil). a
 
.iiscettihlt litre fromt (China, I(.UISA1 
 ('it er, 19'84. 

had good grain 'ields. I lie g1oul included two 
Iccessiolns IS 1347 front Fevpl, and IS 13441 
ftllli Zirlhilhk\ie (Fig. 2) lrtld art I'RISAI" 
adxatwe d lihbridSl1225. SeCd ol ill tlne pr1nl
isin lines \ere still to sC'ii.ts it .I\tstralia, 
I SA. and /iitihlbh\c lor Itirlher e\alatiori 

eotlditi]OHs.
 
[he sailc 266 litic \\ere so\\i,iuiiii oii 13 .tllv
 

19841 at Anaitiapi hetc tihe raills \\Ce potr itt
 

uirdcr their Orxx\ic 

1984 (151 rint rail during rite groirti sSio. 
alld only 18.5 1itt1i (Iitti ring the stiVs peiOl). Ire 
inreai traxitl rlltetliellltile ,tt lllntl ll \\as 
3(0.4 C n.\aint \er.ic ,lerelvkilled, butlitres co 
10 lines \\ee I:R. and 27 IRR after oily 41 rin 
raitt. Six litres \\Crc hlih FR anrd RR. and oncolf 
these, -I'II 263. had i good agrontomic score. 

http:sC'ii.ts
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Table 1. Sorghum lines identified as having firing resistance (FR)and recovery zesistance (RR)traitsat ICRISA 1 

Center, summer season 1984. 

Entry Origin llevation (I)-' 

IS 8564 Chad _1 

IS 1347 Egypt 
IS 1096 India 500 
IS22064 India 500 
M 35-I India 500 

IndiaSPII 225 
SPV 138 India 
SPV 386 India 
SP V 394 India 
IS 18463 India 

IS 18465 India 560 
IS20905 Kcnya I100-1500 
IS 20969 Kenya I100-1500 

IS 21479 Malawi 70 

IS 3898 Mali 

!S 23687 Moa nbiqltie 250 

IS 8344 Pakistan -

IS 22380 Sudan 600 
IS 3511 Sld .11 
IS 9708 Sudan 

IS 12737 laiwan 
IS 113 USA 
IS 121 USA 
IS 13441 Zimbabwe -

IS 13446 Zimbabwe -

IndiaCS 1I 5 
India 

CSII 9 India, 
CS IH8 

I.)ata iotavailable. 
2. Nearest kn1o,1i pliit Ii) a leaof collection. 
3.Mean annual rainilall in tica oiicllcction. 

This hybrid also recoctcd from sc\ctc stress at 
ICRISAT Center. lhe two promising hybrids 
SPII 225 and SPII 1263 \ill be evaluated in field 

scale trials at Anantapur in 1985. 

Crop Establishment 

tHigh soil tellpetitters reduceC seedling 

Rainfall (rll. 

800 
500 
700 

-

800 

-

-

800 
-

900 


-

450 
-

-

-

-

-

-

-

laxonoinic group 

Cauh ttnut 
.- hicolor'audatuln 

lDurra 
1 rra 
)urra 

Kafir ca udat urn 

l)urra 
1)rllnlnlondii 
CandatinI 

(6tinlca 

(iGuinea bicol )t 

(itinca 

)ura 
Cand.lutlurn 
t tillKalir candii 

(.;.ItlnltliIn
 

Caudatum 
Kalir caudatuit 
Kaftir Caudat.tum 
Candatuin 

Ca udaturn 

The Welsh I'lant Breeding Station. 1 K.dccl
oped a techniqlue1 itaC.IuetllCto protein ,\Iltlicsis 

wherc erhrv0-citait

ing lall-seeds \Ncrc incubated with I ml. bufler 

(uring germiination 10ci 

7 .5 ,[20 niN-Tris-IlC, li 5 tNI NgCl. bitffcr, 

containing 0.03 ignl.I clilorarphwcnicol and 

IMC'i (37k 11(j) ola (-"-IC')laminlo acid mixture. 

clllter- Alter I httie sa unpIcs werc relloved., rinsed and 

gence in sorghun. Wc reported earlier (I('RI- blotted. then ti ornogenied. extracted with I filI. 

SAT Annual Reports 1982. p.41 and 1983, p.1 9 ) II,O. and centri"'ugcd at 13000 g for 5 mlin. 

a tcchniqrue to study seedling-e inc rgence Supernatant (100ill I\was spotted onto glass fibre 

response to high soil temperatures. discs, no"; ncorporatcd radioactive solution was 
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washed off, and the discs were air-dried and,ounted in a toluene/Triton/PPO scintillhrnt. 
Each sample was tested at temperatures between 
30 and 40 C . Seed size variations were corrected 
by using soluble protein as the basis of 
expression. 

Table 2 shows the emergence percentages of 
the entries at four soil temperatures using the 
method described in ICRISAT Annual Report4 11982, p. . Energence generally decreased its 

temperatures increased, and at all temperatures 
varieties had higher emergence percentages than
 
hybrids, 
 e.g., there was a twofold difference in
the mean emergence percentage between thelowest variety (SPV 386), and the lowest hybrid(CS II I). 

Figure 2. Sorghum cultivar IS 13441 from Zimbabwewith firing resistance and abiliity to recover from 

severe stress. This line has also piduced good grin 
yields on large panicles (left). 

S;Figure 

Ut 

/ 

' 

.
 

Table 2. Effects of four soil temperatures (0C) onsorghum seedling emergence (%), lpboratory test, 
ICRISAT Center 1982. 

SoiAtenter (9Q 
Soiltcnperaturc(0C) 

35 40 45 50 
Entry Seedling emergence (%) 

llybridsCSti 5CSII 1 7046 27 2035 0
.I
CS 1-6 70 40  -

Varieties
 
SlV 386 90 70 67 
 0Sl\, 386 90 83 50 05I1V 387 90 65 50 0
CSV 5 73 93 80 0 
SE ±6.2 ±10.1 ±13.0 
Mean 74.9 59.0 46.4 0 
CV(') 21 44 61 

I. Not tested I these temiperatures. 

3 shows the protein synthesis data, 
4xpressed as radioactive counts per minute
incorporated into protein, foi, !wo varieties andh i The rates of an i:o acid incorpora
tron at lower temperatures (37-38' C) were much 
higher in varieties (CSV 5 and SPV 386) but pro
tcin labelling diminished sharply after 38' C. File 
lower maxinn tim rates of incorporation nicasur cd in the two hybrids were accompanied by a 
Iliore gradual decline phase. 

Sorghui is markedly affected by high temperature, as demonstrated by its effect on seedling
 
Liirgence, and on the rates of embryo protein

synthesis. [he results f'rom 
 the experiments

show that these two responses to temperature
 
are closely related. Protein synthesis is therefore
it prerequisite for seedling germination, and in 
sorghm, teiperatures of 40'C and above 
inhibit both the rate of embryo protein synthesis, 
and seedling emergence. 

[he lower levels of' protein srntlies is and percentage emergence in the hybrids over the 
temperature range 30-40'C are important. It 
can be postulated that if a specific level of 
embryo protein synthesis is necessary for suc
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16- .......c5V s grain molds by the following visual qualitative 
. sPV 386 method based on the moldiness of the grain. 

.........
CSH 6 
- .-
 Panicles and threshed grains are rated 14 days

.C after physiological maturity, on a Ito 5 scale, 
S- ----- I= no mold, and 5 =more than 50% grains,,,.where 

L in a panicle nilctcd (for panicle grain mold rat

7 IO ing, PIGMR),or more than 50 grain sulface 
area molded (for threshed grain nold rating, 

-
) 

.TGMIR). While this method is rapid, and has 
I 


- been successfully used to identify resistant lines, 
0 it has certain disadv'antages because: 1.it is not 
C .\
L G- quantitative, and therefore subject to erroru "' through differences in perception of moldiness 

by different individuals, 2. grain colors other .
 than white often interfere with mold appearance 
....... On the grain, and 3. fungalI growth inside thegrain is not considered. 

To overcome these problems we evaluatcd the 
03 3?7 330 i6 31 4 ergosterol assay method for determining resis-

Temperature ( C) tance or susceptibility to sorghum grain nolds. 
This method was developed by l)r. L..N. Seitz of 

Figure 3. Embryo protein synthesis expressed as the U.S. Grain Marketing Research I.aboratorv, 
-
 -
radioactive counts rain (dpmi) incorporated nigI Manhattan, Kaosas, USA, to icasure fungal 

protein of sorghum varieties CSV 5and SPV 386, and biornass in celrvai grains. The method is specific
hybrids CS1i 5 and (SIt 6, during 16 I imbibition at to fungi because aiong all plant and animal 
different temperatures, Welsh Plant Breeding Station, systems, ergosterol is present only in fungi as a 
1982. structural component oft he pla sma ieib ra nes. 

The seed ergosterol contents of sorghum linescessful germination and emergence, then hybrids from the 1983 rainy season grain mold screening 
would fall below a given valuelat a lower temper- nursery consisting of 31 resistant, 4 moderatel\
ature than would varieties. This is also sup- resistant, and 4 highly-susceptible genotypes 
ported hy the data in Table 2 which shows were analyzed by )r. Seitz. He also ":nalyzed for 
marked differences between the percentage comparison, seed of the same genotypes grown 
emergence of hybrids and nonhybrids. We plan under irrigation during the 1983 84 postrainy 
to conduct more studies invoiving a wider range season that was visually mold-free. 
of varieties and hybrids to better understand tile Results showed (Table 3) that six lines with 
reasons for this finding. ergosterol contents of tip to 10 ppm. the thre

shold level for resistance, were also rated resis-
Biotic Stresses tant by the visual assessment method. However 

six lines, IS10892, IS19953, IS17141, IS3585, 
IS9498,and IS21651, visually assessed as resist-

Diseases ant, had ergosterol levels of 14.21 to 22.11 ppm 
indicating that they were damaged by molds.All 

Grain Molds the highly-susceptible and moderately
susceptible lines had high levels of ergosterol.

Determining resistance by the ergosterol assay Grain of SPV 104 x,,as virtually amass of fungal 
method. We normally rate sorghum lines from hyphae confirmed by itshigh ergosterol content.
 
the ICR ISAT screening nursery for resistance to These results confirm the usefulness of the
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'Fable 3. Visual grain mold ratings and ergosterol 
content (ppm) of grains of selected sorghum geno-
types, ICRISAT Center, rainy and postrainy seasons
1983. 

Ergosterol content 

Visual mold score of (ppm) 
rainy season grain Rainy Postrainy 

__ season season
Genotype PGMI 1 l NI R' grain grain 
IS 21454 1.9 2.0) 3.09 0/.19IS21454 1.9 
 2.0 3.09 0.19 
IS 20620 1.9 1.8 4.87 0.74
IS 14388 2.0 1.8 4.92 0.32
IS14387 2.0 1.8 5.08 0.18 

IS 2867 
 1.8 1.9 5.14 0.23 
IS 10892 2.0 2.t) 14.21 0.52
 
IS 19953 2.1 2.5 15.69 0.06

IS 17141 2.0 2.3 16.90 0.14 

IS634 2.4 
 3.5 19.86 -
IS 3585 2.0) 2.7 20.58 -

IS 9498 2.0 2.1 
 20.92 0.05 

IS 21651 2.2 2.2 22.11 -

IS 21901 2.0 3.1 28.04 -

IS 402 4.2 4.9 
 29.69 -
IS 417 4.4 4.5 30.12 -

IS 18758 4.0 3.5 
 40.98 0.07 
IS 9832 2.0 3.8 42.67 -


Controls 

CSH I 4.5 
 5.0 46.34 ND-1 

S13V 104 5.0 5.0 
 142.10 <0.03 

SE ±0.09 ±0.23 ±1.73 -

Correlations 
PGMR 0.8c ** 0.76** 
FGMR 0.73** 

I. 	 Ratings based on a I to 5 scale, where I =no mold, and 5 
more than 50% grains in a panicle molded (for panicle
grain mold rating, I'UMR), or more than 50% grain
surface area molded for IGMR. 

2. 	Data not available. 
3. 	 Not detectable, 
4. 	 Ergosterol content of rainy season ,;amples used to corn-

pute correlations. 

ergosterol assay method for determining resis-
tance to grain molds. The method is quantita-
tive, rapid, and reliable, but requires the use of 

High Performance Liquid Chromatography 
equipment (HPLC). 

Resistance screening. Routine screening for 
grain mold resistance is conducted in a large
scale field nursery at ICRISAT Center (see
ICRISAT Annual Report 198 1,p.32). Sorghumlines identified as resistant in one year continue 

to be screned in tile following yc:'rs for stability
of resistance. This year, inpreliminary screen.,i rlmnr cening, we evaluated 182 gernplasm accessions 
from the Genetic Resources Unit, and selected
51 	 colored-grain lines for further screening. In
advanced screening, 76 colored-griain lines first 
identified as resistant in 198t), and 53 lines identi
fied in 1982, were again found to be resistant. 

Bioclemical mechanisms of resistance. We 
made preliminary biochemical investigations on 
five cultivars and found that mold-resistant cul
tivars had much higherconcentrations of flavan
4-ols than susceptible cultivars. We found a 
similar reaction when leaves of niold-resistant 
and riold-susceptible cultivars grown in the 
greenhouse an( harvested at different stages of 
growth were analy/ed for flavan-4-ols. low
ever, callus tissues obtained from these contrast
ing cultivars did not exhibit any marked 
differences when analyzed for flavan4-ols. 
Further work is in progress. 

Breeding for resistance. We continued to 
screen progenies identified as mold resistant in 
1983 (ICRISAT Annual Report 1983, p.22) with 
encouraging results. We screened 3452 F3, 756 
1.4, a nd 477 F5 colored- and white-grain progen
ies, and identified 1090 mold-resistant individual
 
coloicd-, or white-grain panicles with a TGMR
 
of less than 3. In the same nursery, the white

l tnd-s SPV w04te3.Il vitrities 
grain, mold-susceptible varieties SPV 104 and 
SPV 351 were severely molded with a TGM R of 
5. Table 4 shows tile number, and TGMR of 
white-grain mold-resistant selections in the F3,
F4, and 1:5 penerations from five crosses which 
gave the best results. We are advancing the 
highly mold-resistant selections to F4, F5, and F, 
generations during the postrainy season for 
further screening in the 1985 rainy season in 
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Table 4. Results of mold resistance screening of ;3, '4, and FS progenies derived from crosses between mold
resistant, colored-grain sorghums and mnold-susceptible, white-grain sorglims, ICRISAT Center, rainy season 
1984. 

I(iM R. of 
white-grain panicle 

selections lotl 
Cross Pedigree Generation I 2 3 selections 

ICS x 810132 IS 143841 x SPV 3512 F, 1 10 68 79 
1
4 0 11 42 53 
15 0 3 31 34 

ICS x 810126 IS 14384 , SPV 1042 1F3 19 17 37 
F4 0 36 51 87 
F, 0 14 70 84 

ICS , 810119 SPV 351 x IS 143851 F1. 0 7 59 66 
F4 0 27 84 III 

ICS x 810113 SPV 104 x IS 14385 F3 0 2 10 12 
14 0 I II 12 
:5 0 I 3 4 

ICS x 810062 IS 14388' SPV 351 F13 0 3 15 18 

Total 2 134 461 597 

I. Mold-resistant colored-grain parent.
2. \Vhite-gra in, mold-susceptible parents, repeatedly grow ii to the nursery at eerv 10 progeny roks. IONIR 5. 
3. Gra in nold score (I MR) ot a I to 5 scale, where I z no mold, 5 seveLre iold wNith 50,(' grain surl.tace area molded. 

replicated trials at ICRISAT Center. and for 
testing at B3havatnisagar, a grain mold hot-spot 

location in southern India. 

Multilocational testing. The 1983 Interna- Y 
tional Sorghum Grain Mold Nursery (ISGM N) ' 

consisting of 27 test entries (all except IS 14332 . 

with colored grain) and three susceptible con
trols was sent in two replications to coopetators '
 

at 17 locations in Africa, Asia, and the Americas. -


Data received showed that l3havanisagar, Coini
batore, ICRISAT Center, Navsari, Pantnagar,
 
and Udaipur (India), Samaru (Nigeria), and 4 ,
 
Laguna (Philippines), were the only' locations White-grain sorghum line IS !4332 (left) resistant to 
where relative humidity and rainfall during grain grain mold at Samaru (Nigeria), and six Indian loca
deelopment and maturity were adequate to tions in the International Sorghum Grain Mold 
promote mold development. Results from these Nursery, 1983. At right are moldy panicles from sml 
eight locations were the only ones useful for ceptible genotypes that mature at the same time as IS 
evaluating resistance. 14332. 
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At all eight locations, all the colored-grain
entries including IS 14375 and IS 14384, that 
have no testa, and negligible amounts of tannins 
(ICRISAT Annual Report 1983, p.23), were re-

sistant to grain molds. Tlc 
 wllitC-grain entry
IS 14332, wasresistant in previous nurseries, 

again resistant at all locations except ILagtia. 

he resistance of IS 14332 needs further investi-


gation since the line 
 is slightly photoperiod-

sensiti'e, and its resistance may be die to 

avoiding weather conditions condtrcive to itiold 
developinent. 

Downy Mildew (Peronosch4roywra sorghi) 

Resistance screcaing. Rout inc screening of 
breeding lines and genetic resources accessions 
bor do\ny mildew ()IM) is conducted at l)har-
w~ad ill southern Inldi., using the largC-sCAle field 
screening technique ( ICR IS,\ Annual Report
1983, p. 28). [his yerr \\e Screened 4403 

IFable 5. Mean percentage of downy nirldels Systemic 

advanced generation breeding lines from various 
breeding projects, and 145 genetic resources 
accessions, and selected 869 breeding lines and 
117 accessions f'r furt her screening. Among tile 
breeding lines 17 came from international adap
tation trials that consist of agronomically.elite 
varieties ard hybrids with high yield potential."" 

Multilocational testing. Ilc 1983 nterna
tional Sorghum )owny Mildew Nursery
(ISI)NIN) consisting of 19 eritries, iiclud ing two 
susceptible controls, one of which was a local 
elntry, was sent to cooperators at locations iii 
Argentina, Bhotswana, llrail I. thiopia, (rate -
iall, I IOnidtraNs, India. Mcxico, Nigeria.I Iganda, IiS. arid \'enc/iucla. Results ruccied 

front Argeritiii (2 locirtioris), Iidia (3 locations),
Nigeria. and the US.\ confirm previous results,
that lines identilied as highly resistant to I)M il 
Inidia are also; rcsistrnin at locations ill Africa and 
the Aniricas. lable 5 sho\s I)I incidence ill 

infection in selected entries across locations' in theInternational Sorghum t)ony Mildes Nurser. (ISI),\IN) irwn 1970 to 1983. 

near 
lntry 
 1976 1977 1978 1979 1980 1981 1982 1983 Mlcan 
IS 18757 (Q,. 3) 0 0 0 0 0 0 0 0 0Nandval-I) RS-KII\ - 0 t 0 0
IS.3443 


- 0.6 0IS 2227 0 0.2 
- 0 11.2 0.2 1.2 0.4

IS 8185 
 - 0.4 0 1.5 0.6 
IS 22229 - - - 0 t.7 ) 1.9 0.7IS22228 
 - - - 0 0.5 0.7 1.4 0.7
IS 8213 - - - - (.4 1.5 1.1 I.0IS 22230 - - - 0 3.1 0 1.4 1.1IS 8017 - - 0.6 1.)6 2.3 1.2 
IS 7528 

- 

- - - 2.3 0.5 1.6 1.5IS 3547 - - - - 3.3 0.4 0.0 1.41S 22231 - - - - 12.10 0.9UChV 1.5 1.4 4.t)
2.3 3.6I 3.1 7.2 8.1 12.4 6.8 4.9 6.1 

Susceptible control
1)MS 652 50.0 78.0 56.1 87.6 73.2 55.9 09.6 09.7 67.5 

I. l.t)catit)ns: tDharoad, CoimnhatoreL' RISAI Centeri and My",.\re (iia). Samari (Nigeria) ,\anrctdi arid I'Pcgarninto
(Argentina 1, Cotllge Sntation, exas A&M ltnivcrsir (USA).

2. Not included inrnurser\. 
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selected entries from 1976 to 1983. Of particular 
interest is the resistance of these lines to patho
type 3 of the pathogen recently discovered in the 
USA. Some sorglum lines previously resistant 
to 1)M in USA are highly susceptible to patlo
type 3. 

Charcoal Rot (Macrophoinina phaseolina) 

Resistance under induced drought stress. We 
previously reported (I CRISAT Annual Report 
1982, p. 3 2 ) tile resistance of cultivar F 36-1 to 
charcoal rot under increasing stress from lack of 
\,ater in the postrialiny sealson at tour1 locations it I 
India. We tested the tabilitv of this resistance 
under induced stress conditions in all cetLi
mcnt conducted oi a \'ertisol in the 1983 84 
postratnv season at ICRISA ICenter. The mci
dence of charcoal rot in U 36-I was conar ., 
with that in the susceptible hybrid CSII 6, uder Sorghum cultivar F 36-1 (right), showing resistance to 
five levels of stress, created by stopping irriga- charcoal rot and lodging under severe drought stress 
tion at different growth stages after floral initia- condiitions.The siiscel)til)le line(center),his collhased 
lion ((;S,) in a split-split-plot dtesign with six as a result of,11. phau.olina infection, I(RI SAT(en
replications. Ilant population \\as standard for ter, 1983/84. 
sorghum at 133 350 plants ha 1. We monitored 
charcoal rot development by recording lodging, 
root infection, stalk infection (soft stalk), antd resistant in 1982 and 1983 wc-e grown in repli
the cxtent of infection up the stalk from tile cated trials. Only 19 entries were selected as 
crown (number of nodes crossed). We deter- resistant to anthracnose from these trials. Table 
mined infection at physiological maturity in 7 shows the selected ag ronomicalIly-eli tC breed 
individual plants by isolations of Al. phasolilw ing lilnes that showed Ihigh levels of resistance to 
frtrlli diseased stens alnd roots. anthracnose over all 3 years of testing. 

Results in lable 6 clearly show the resistance 
of E 36-1 to cliarcoal rot even inndet the most Inoculation studies. We conducted atstudv to 
severe stress treatmerit (NI Sl) when tile Ihrid deternmine tilecrop growtI stage at which pllnts 
CS-1 6 was Iigh ly susceptible. sh1o uld be inonculai ted for la xi murtl dIisca se 

expression. We planted 5 three-row plots of two 
Anthracnose (C'ollelotrichun graminicola) antiracuose-susceptibie getiotypcs (IS 18442, 

and IS 5279) in a randomized block design with 
Screening for resistance. In prelimina ry three replications at ICRISAl Center. Each plot 
screening at Pantnagar, northern India (ICRI- was surrounded by tall guard borders of pearl 
SAT Annual Report 1983, pp.26-27) we evalu- millet to muiuiniize interplot interference. Plints 
ated 235 gcrmplasn accessions and 1112 in each plot \\,ere inoculated when most plants 
advanced generation breeding lines in single had 5,7. 8,and 9 fully-expanded leaves i.e., 
rows and selected 7 gertuplasn accessions and approxiniatcly 14, 21, 28, and 35 I)AI-. Te 5th 
208 breeding lines for further screening. In plot was not inoculated. We inoculated the 
advanced screening during the rainy season, 96 plants by dropping 3-5 sorghum grains infected 
entries found resistant in 1982, and II entries with C. graminicola into their leaf whorls. In 
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Table 6. Days to 50% flowering, plant height (m), leaf and plant death, lodging, soft stalk, mean number of nodscrossed, mean scoe for root infection and Macrolhomina phaseolina incidence in (,11 6 and E 36-1 under five
drought stress conditions, I(RISAF (enter, postrainy season 1983. 

.\ean
)rought )ays to SCOre 
stress 50 1 .lI.
'lainl I.al alld sSol M teano. root t4,/stholinaSorghum treat- flower- height plant lodging stalk iodes inlec- incidence

line tnent, ing (Ill) dcath 2 1CI i crossed tionl' C
 
CSII 6 MSI- t2 
 1.7 3.1 4.4 (0.19)4 0 0 2.7 0

NIS F 62 1.7 3.4 5.8 (0.23) 2.1 (0.08) 0.03 3.1 2.9 (0.10)
MSI 62 1.7 4.7 50.1 ',0.79) 59.6 (0.89) 1.75 5.0 59.6 (0.90) 

IS I 610 1.7 4.4 49.4 (0.78! 58.3 ((1.88) 1.56 5.0 58.3 (0.88)
NIS l 60 1.6 4.8 59.9 (0.90) 69.6 (1.06) 2.21 5.0 75.4 (1.15)
 

F 36-1 MSI 608 1.9 
 2.7 2.0 (0.11 )0 05 2.3 0 
MSI 08 1.9 3,0 2.2 (0.13) 1) 0 2.2 0
MSI, 68 1.9 3.4 I.S (0.12) 0 0 3.0 (1
XtSl 66 1.8 5.3 (0.22) 0 0 3.0 0
XIS I 66 I.8 3.9 7.4 (0.23) 0 0 3.0 0 

SE ±0.06 ±J.32 ±+(1.063) -+(0.065) ±0.345 ±0.16 ±(0.065) 
I I I igatioi I ph. silgical iniatUri\ 

MS[ I ir igaiioii Itost dough '1age 
MS I I rrigaiotii ti 5 ',l itmein 

NIS I - I llgatiollio bot leat Stage

,%S I litigalt l ,,tIItlhe Mlimi.
i ciin 


2. LcA .11d plait dcAlh SCt C' illt I it,i Ncalc, %%ituI - ctiipletely giceli, and 5 z dead.3. R otlIet lll ico+ti i .t I i iscale., % ici it) discoloiion miiifection. and 5 ior h nii
i r 50l'irootssliowiiig inlection 
anld (l ,l.'ollalloll.
 

4. |'igtreN iI paicitlecses tic mcsit" tiaisllh i cd s;tcs. 
,,ltc, I1ot LINd5. L'.ro Ii cllcUliiot1l. 

Table 7. Percentage leaf area damaged (!A..Di)) and anthracnose score (AS) of anthracnise-resisant sorghum
entries i , Panlnagar, India, rainy season 1982 to 1984. 

MeanI Year 
days to 1982 1983 1984 
flow er- .. .. . . . .
Entry Pedigree ing" 1.,.\l)A,,\5' IAI) ,,\S IAI) AS 

NI 36266 [(WA BC, SU"118-3)-I-I IS 9327] 79 1.5 2 5.11 2 2.0 2NI 60288 [IS 12611 - (SC 108-4-8 CS 3541)-38-lJ-3-1 81 2.0 2 4.5 2 5.0 2
1)Y 1 2 [No.I L 35-1 - [;S R-27-1-1-2-3 
 80 2.0 2 5.0 2 5.11 2
 
PYI 2 E.No.6 CSV 4 - (i - 370-2-1-2-8 
 80 2.0 2 3.0 2 5.0 2
rial74 C-27 (lrainida - 221913)-1-5 79 2.0 2 4.1) 2 4.4 2 

Susceptible control
 
IF 18442 11 112 
 67 78.0 5 85.0 5 80.0 5 

I. Resistant entries are those with anthracnose scorcs 2.11 i e., Upto 5t+ lcal area ot top four leaves dainagcd).2. Percentage lealarea ot top four leaves damaged at soft dough Stage. Xlean of 10 plnais illeach of two 
replications.

3. Rated otila I to 5 scale, \where I :no althracnose and 5z severe anthracnose with ttmore thatt 4014 leal arca ofltop
four leavyes damttaged. 

4. Frotm 3 years' d('ta, 1982 to 1984. 
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each plot, the percentage leaf arca damnaged was
 
recorded on each leaf of 10 randomly-selected
 
plants in the central row, at 7- to I0-day inter
vals, until the hard dough stage when plants had
 
16 leaves.
 

Our results showed that all inoculated plants V. 
were infected by anthracnose irrespective of the 
plant growth stage at Inoculition. The rate of 
disease progress was, however, faster onl older 
leaves than oil younger ones. On the top four 
leaves at the hard dough stage, maximumi s
ease severity (38 to 57(i leaf arca damaged) was 
recorded oii plants inoculated when nine leaves 
were Ifilly expaided, moderate disease (22 to 
371") on plants with eight leaves CXpanded. and"M 
least disease (9 to 237 ) when plants with seen 
leaves expanded were inoculated. 

Spread of the pathogen. At ICR ISAT Center. 
we initiated field c.\perijients on the spread of' 
aitlracnosc iioctuhi, i l n attempt to develop 
aI relevant fiel-se reeninig tech niquLe. \Ve iiocin
la ted with C. gramii1'oh the susceptible f, 
sorghum lilie IS 18422 sown ina 18 ninplot in the 
Middle of a 18 15 m2 ficld. All the plants became 
heavily infected, and the pathogen sporulated 
profusely. This patch of iufcctcd plants sercd as 
a focus, or source, of anitliracilose inoctlhlli 
whose spread was monitored oIl anthracnose
susce ptible plants of IS 382 sown in the rest of Sorghum panicles showing stem lesions on the pedun
the ficld two weeks later than IS 18422. cle (left) and internal symptoms (right) due to infec-
Sprinkler irrigation was providCd to tie whole tion by tile anlthracnose pathogen, ('olltuotrithum 
field on rain-free days to provide the moist cnvi- graminicola. 
ronment essential for anthracnosc dcevlopuient. 
Our results showed two patterns of pathogen 

spread. The first. mostly in the downwind direc- contilning work on these two types of inoculurm 
tion to the end of the field, a distance of 27 in. spread. 
Here, the inoculun probably by\\its spread 
wind-driven raini dutiring showers, or by water 
droplets during sprinkler irrigation, since the Multilocational Testing for Stability 
inoculum of C. graminicola occurs ina sline, of Resistance to Leaf Diseases 
The severity of anthracnose on the test plants 
was inversely proportional to their distance from The 1983 International Sorghum L.eaf Disease 
the inoculum source. The second pattern was Nursery (ISI.I)N) consisting of 23 test entries, 
along tie ridges down the slope from the inocu- and 7 susceptible controls was evaluated against 
lure source. This was due to inoculum in infected several leaf diseases by cooperators at: Oran
leaf debris being transported by running water Salta and Pergamlino (Argentina); Dharwad, 
along the furrows when it rained. We are Indore, Pantnagar, and Udaipur (India); 
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Samaru (Nigeria); Laguna (Philippines): and at 
Kadugli and Wad Medani (Sudan). All the 
entries except IS 18758 at Uda ipur were suscep-
tible to /onate leaf spot ((;lo, crco.yora 
so.ghi), and to leaf blight ( t:xs'rohilmi ti'ci-
cUM) itSaniar'ni. Vable 8 siov. s disease scores of 
selected entries resistant tw eight or in10diseases 
across locations. It is noteworthv that the tllrc 
resistant ientries IS 18758 (F 35-I ),SPV 35! , ind 
SI'V 386 are high-vielding ICR ISAl+-bred of 
selected 'arieties that have been released bv 
inationaIl programns for use b\ fairnIers in Lurkiria 
Fiaso. India, and Zaimbia. 

Insect Pests 

Sorghum Shoot Fly (A,,herigona soccata) 

Biology. We monitored shoot fly populations 
from 1977 to 1979 using fish-meal baited traps, 
and correlated outr results with egg-laying inci-
dence and deadheart 'ormation on Susceptible 
sorghtm hybrid CSII I, plated at lotllv 
intervals at two Iocatios at ICRISAT Center. 
\V,: found that egg laying and deadhea rt fornia-
tion were correlated (r L 0.73**). The total 
numbers of all flies caught were corclatcd with 
/t/wJi ii nt soccata catches (r : 0.84**). Egg 

laying was correlated to total trap catches (r 
0.63**) and s,)cata catches,IA. (r = 0.67**). 
Deadhearts were aliso correlated to the total (r: 
0.56**) and ,'. soccatti (I-=0.58"*) trap catches. 
Shoot ily incidence \witsmostly a furiction of the 
total ly population present at a time, however, 
environmental fictors such as temperature, 
humidity. and rainfall ifhtince its population 
aid incidence. Maximum temperature was neg
atively correlated catches, eggwi. fI'ly laying, 
and deadhcart formatioi. whereas morning and 
evening humidity showed significant positive 
correlations to ly catches, egg laying. anid dead

heart 'orilatioM. 

Screening for resistance. \Ve screened 3000 
new germplasin accessions and 550 breeding 
lilies for shoot fly resistance in the field using the 
interlaid fishincal technique, and selected 71 
germplasi a.ccessions aid 42 breeding lines for 
further testing. Io differentiate various rCsis
tance mechanisms. 42 lines identilied as less sus
ceptible in 1983, \ereitested again in a replicated
field trial. I\\cntv lines showed around 5('7 less 
deadhca't formation than the susceptible con
trol, Cll I (lable 9). On ten of these lines there 
\ 30"1 less oviposition than on CSII I,whilewas 

all except IS 18551 expressed a biophysical anti-

Table 8. Maximum' leaf disease scores' across locations of selected lines in the 1983 International Sorghum Leaf 
Disease Nursery (ISLL)N). 

Leaf disease . and score
 
Entry4 
 A R .B (iLS ZILS SS RLS OLS RSI3 hllS MI )M V 
IS 18758 (135-1 2 3 5 1 3 1 2 1 4 2 3ISI8484(CS3541) 2 3 5 2 4 I 2 1 3 3SPV 351 3 2 5 5 4 3 

3
 
I I 3 
 2 3SPV 386 4 3 5 3 4 I 1 1 3 I 3SPV 387 2 2 4 2 4 I 2 1 3 2 3
M 36278 3 3 5 I 
 4 I 1 I 3 2 3M 36346 3 3 5 2 4 I I I 3 2 3 

1. Maximum score at locations where tealdisea ses occurred with suffiieci pressure.2. Based on AIto 5 scale, wiere I no disease and 5 :severe disease with more thaii 41)ileat area ot lop lour leaves damaged.3. L.ealdiseases; aitliracnosei '(\), rust (R), Ieat blight B),gray leat spot (ill.S), zonatc leafspot (ZI.S), sooty siripe (SS), roughleat s;,ot(R 1.5), oval lealspot (OLS), rhi/octoriia tealand sheatht blight (RS11t, bacterial Icalstripe (BL.S), and maile dwarf 
isaic virus (MtI)M Vi.

4. Pedigrees of the lasttiye entries indescending order are (SC 108-3. CS 3541)-19-1, (SC 108-4- x C'3541-88, l(SC'423 xCS3541) - E35-1-2-1, (SC 108-3 1:[ 35-1f)-25-1. and (CS 3541 - 2KX-6-2i-l0-t. 
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Table 9. Reaction to shoot fly of some less-susceptible sorghum lines, ICRISAT Center, rainy se.,son 1984. 

Shoot fly infestation Doinant 

l)eadhearts Egg laying l)eadhearts/ resistance 
Entry (%) (%) egg laying (%) mechanisfi 

IS1034 30.9 77.1 37.6 11 
IS 1104 26.3 58.8 39.6 A and B 
IS 2146 36.7 58.1 47.1 A and B 
IS 2195 28.3 71.5 41.6 B 
IS 2205 25.9 59.2 42.2 A and B 

IS 2309 28.1 58.3 45.1 A and B 
IS 23!2 30.1 66.2 45.6 A and B 
IS 4646 33.6 64.8 51.6 A and B 
IS 4664 20.0 63.6 31.8 A a nd B 
IS 5072 31.4 94.3 33.3 B 

IS 5470 36.4 72.2 51.3 B 
IS5480 22.4 57.5 40.5 A and B 
IS55538 30.6 83.0 40.2 B 
IS5566 32.2 76.9 41.2 B 
IS 5613 31.7 59.3 45.2 A and B 

IS 5622 34.2 71.5 48.5 B 
IS 5636 31.9 84.7 37.0 B 
IS 18369 33.7 70.2 44.2 13 
IS18371 29.1 76.1 39.8 B 
IS 18551 33.7 44.1 57.6 A 

Susceptible control 
CS H 1 74.5 94.6 77.0 

SE ±8.88 ±9.20 ±10.63 

CV (%) 35 21 34 

I. )ominant resistance mechanism (30% superior over CS I I1):A = Ovipositional nonpreference, B lliophysical/antibiosis. 

biosis mechanism of resistance (more than 30% tance in the International Sorghum Shoot Fly 
superiority over CSIH I). All 42 less-susceptible Nursery (ISSFN). We received data from II 
lines were also tested under no choiceconditions locations (7 from India and one each in Burkina 
in cages during both rainy (Jul-Aug) and post- Faso, Gihana, Nigeria. and Thailand). Twenty 
rainy (Oct-Nov) seasons. Resistant lines in both lines had less than 25(' shoot fly incidence corn
seasons were IS 1034, IS 1057, IS 2146, IS 2205, pared with 49% on CSIH I and 42(j, on the local 
and IS5470. control cultivar. The most promising lines were 

IS2 146, IS 5470, PS 14454, and PS 19794. 
Multilocational testing. We sent 13 germplasm 
accessions, 10 breeding lines, and 2 control cul- Breeding for resistance. We random-mated 
tivars (local and CSH 1), to 20 locations (II in our shoot fly- and stem borer-rcsistant popula-
India, and one each in Burkina Faso, Cameroon, tion during the rainy Season Under insect pest 
Italy, Mozambique, Nigeria, Senegal, Somalia, protection, and during the postrainy season 
Thailand, and Uganda) to be evaluated for resis- under moderate natural shoot flyand stern borer 
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years, and selected 60 less-susceptible lines with
 
good agronomic traits. The best advanced pro- ." .> >- *."
 

genies are PS 19349, PS 19663-3, I'S2 1113-1,1,,< 
PS 21227-2, PS 21239-2, PS 24955-3, IPS 27618- go 
5, PS 27655-11. and PS 28060-1. 

Stem Borer (Chilo partellus) 

Population dynanics. We monitored the sten 
borer population at Hisar through light trip 
catches, and by assessing larval damage II 
sorglin planted at monthly intervals rlom 
April to August. Our results show that ('. V, 2205tmll-


Is is most active during August and Scptember, ,,
and therefore, a crop sown between the Istand 
3rd weeks of .fiuly should be exposed to IMaxi
nlua insect pressure for resistance screening. 
During 1984, stem borer infestation was verv 
heavy on sorgh unl sown during the 2nd week of ' Sten lorer-resistant sorgluin line IS 2205 showing 
July. feswer deadheliart synlo'iins than the surrounding sus

cepiilble lilies after artificial infestation. 
Selection criteria for resistance screening. We 
ha ve found tha t ile dead heart symptoms ca used 
by stern borer irnfesta tion is thle most iin p ortanltbrait contributir g to agri in yield loss. We Table 10. Correlation coefficients (r) ietween stemotai contributingrgreainyield ls-0W( borer tunneling, percentage internodes bored, and2obtainied at negative correlation 0 = 0.9t* * holes plant- , resulting from Chile partellus infesia
between dead hcarts and grain vield in sorghlllu lion oilsorghuni at two locations in two seasons. 
hybrid CS II Sten tunneling b the borer is 
also iinportant l'or evaluating resistance, but Correlation coef.(r) 
assessing the extent of tunneling in\ol\'es the between stem 
laborious process of splitting individual tunnling and 

sorgliurn stems. We exaninied othei Iraits such No. of internodes holes 
-
as the percentage of internodes bored, and the Season/ location lines bored (%) plait
 

nUlliber of holes per plant. We found both these Postrainy 1982-83 62 0.74** 0.47**
 
traits to be correlated witli steni tunneling (Table (ICRISA I' Center)
 
10), and can therefore be used instead of tunnel- Rainy 1983 (Ilisar)
 
ing to evaluate resistance. Ex1)t.1 62 0.69** 0.75**
 

lxpt.2 62 t).85** 0.80** 
Yield loss assessment. We conducted a trial at
 
Hisar to estiriate grain yield loss caused by stem in (ICR ISA I Center)
1983
borers using susceptible cultivars CSH 1,and Expt.1 63 0.64** 
ICSV I (SPV351 ), and a resistant line IS 2205. Expt.2 63 - 0.83** 
The crop was protected by applying 3% carbofu
ran granules in the plant whorl at various growth 
stages (T, to 1-7). I)eadhearts and grain yield yield decreased for all the three cultivars (Table 
were recorded from full protection (T) to no II). However, the rates of deadheart increase, 
protection (T7 ) in all the cultivars. Deadhearts and grain yield decrease in the resistant line were 
progressively increased from T itoT 7 while grain much slower than in the susceptible cultivars. 
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Table 11. Effect of various protection levels on stem borer infestation and grain yield of three sorghunt cultivars,
Ilisar, rainy season 1984. 

ICSV I CSII I IS 2205 Mean 
Stem borer lorer Grain Borer (irain Blotcr (irain Blorcr (ain
protection incidence yield incidence yield incidence yield incidence 
 yield
levels' 
 (% (kg h') (1) (kg hat) (11 (kg ha ') (') (kg ha') 

28.0 4240 25.2 
 5170 33.9 1870 
 29.1 3700
1, 49.0 2630 23.8 
 4380 37.0 1280 
 36.8 27701 
F3 50.2 2621 39.2 4790 31.6 1910 40.0 3100
14 75.9 760 01.1 
 3111) 43.2 10141) 60.1 1040

1,5 79.4 7410 43.7 3700 43.0 1180 55.4 1870 
Ft, 100.0 331) 95.1 260() 47.0 900 80.9 1280
1"7 100.0 0 100.0 190 
 85.5 131) 95.2 
 100
 
Mean 
 68.9 16210 55.5 3420 
 45.9 1181
 

IHorer incidence (Grainyicld

SE for conparisoi treatment within same cultivar 
 ±9.18 ±455
 
SE for comparison treatment within different Culftivars 
 ±8.47 +459
 
SE (cultivar) 
 ±3.21 ±173
 
S1: (treatment) 
 ±6.04 ±257
 
CV (Ii 
 18 27
 
I Carhoturart applied at 15,30, and 45 days after emergence 1hAE)

t.'arbotluran applied at 15 and 31 IJAF
 
I Carholuran applied at 30 and 45 t)A
14 (arholatan applied at 15 l)AF
 
Is CarbOtluran applied at30 DAL
 

= 
t,'arholuranapplied t 45 )AL
17: UOntrol (nt reated) 

With no protection (1') all three cultivars had 
negligible grain yields duc to severe infestation. 

Screening for resistance. We screened 1700 
new germplasm accessions and 468 previously-
selected lines for stem ho1 er resistance at llisar 
inan unreplicatcd nt rsery, and selected 26 lines 
for further testing. Stability analysis of 61 
previously-selected, less-s tsceptible lines and 
one susceptible hybrid (CSII I ) oversixcnviron-
ments showed four lines, IS 5470, IS5604, 
IS8320, and IS 18573 had the most stable resis-
tance to stein borer. 

Breeding for resistance. We made crosses 
between stern borer-resistant lines and a number 
of elite lines during the 1983 postrainy season, 

and advanced them 1o F, in the greenhouse dur-
Ing the sumnmer season. Their 19 F, segregating 
progenies were screened for stem borer rests
tancc tinderartificia lin fcstation during the rai ny 
season at ICR ISAT Center, and \\e selected 173 
slem borer-free progenies. 

We also Cv~rl ated approximately 581) F,an 
F, shoot fly-resistant progenies for resistance to 
stem borer under natural infestations at Ilisar, 
and wnder artificial conditions at ICRISAT 
Center during the rainy season, and selected 7 
Icss-stisceptible lines: of these IPS 19881-1 had 
the lowest 'ern borer infestation. 

We studied gene effects on resistance to stem 
borer in7sorghurn. Our results indicated that 
resistancce is a complex, polygenically-inherited 
trait. Different gene effects operate under differ
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ent conditions. Epistatic gene effects were found with chemical attractants, and observed a mtuch 
to operate under artificial inoculation condi- higher midge population during the rainv seasoni 
tions, and major gene effccts in,ler conditions of than in previous years. 
natural iflesta t ion, wheni we also noticed cvto
plasmic influences. Screening for resistance. We screened 2000 

geriplaisill lines for midge resistance, and 
Sorghum Midge (Contariniasorghicola) selected I18 lilnes lor IfuirIher testing. Twenty-six 

selected germ plasm and breedin g lilies showed 
Population monitoring. Studies on popula- consistentlv high levels of resistanice under niatt
tiori monitoring and diapa use continued at ral infestation and hcadcage testing at l)harwad 
Dharwad and 3harv'anisagar on sorghum lines and ICRISAT Center, and under nIlitural condi
sown at fortnightlv intervals. \Ve observcd inax- tions at I lisar. 
mum midge population dulring November at We screened 21 advanced cultivars for midge 
1)halrwad, and during May-June at lihavani- rcsistaice tnder no-cholice (hcadcagc), and nat
sagar. We also mnonitored the nlidge iopulation ural conditions for fotir seasons at ICRISAT 
at ICR ISAT ('enter usiilg .Clhow-colorcd traps Center (a ble 12). : even cult iVa Is sufrCd less 

Table 12. Sorghum cultivars shoNing midge infestatiol under no-choice conditions over four seasons, IC'ISA I 
Center. 

Florcts with nidge larvae (C ) Chatly lorcts ( I 

Cultivar 1980R'1 1980 8 11l-" 19N IlR 1981 821, 19801,N,1 8 SI11 198 1IR 1981 821) 

ID. 6514 21.0 11.5 18.5 2.3 00.0 20.0 .36.5 19.0 
IA M 2566 16.0 160 25.0 18.7 21.0 53.3 38.0 27.0 
IS 12666C 33.0 20.0 30.5 24.3 52.5 3,.5 73.0 35.0 
IS 12573C 10.0 4o.5 17.0 36.3 55.5 80.0 55.5 03.0 
IS 2579C 27.5 45.5 34.0 53.7 70(. 72.5 74.0 64.7 

IS 12664C_ 30.5 311.5 46.5 55.1) 33.0 41.5 86.0 63.0 
IS 1151 22.5 35.0 45.0 66.3 51.5 60.5 91.0 79.3 
IS 12612C 26.0 48.0 57.0 39.3 48.5 44.5 65.0 60.3 
FC 92792 40.0 29.5 60.0 42.7 33.5 57.5 66.5 59.7 
IS 12611 31.5 36.0 56.0 61.0 48.0 54.0 74.0 71.7 

S GIRLI-MR I 34.0 44.5 64.0 45.3 57.0 57.0 80.1) 64.3 
IS 2327 46.0 51.0 54.0 46.0 32.10 69.0 76.5 59.0 
IS 1510 36.0 45.10 55.0 70.3 81.0 55.0 83.5 84.7 
IEC 92793 43.0 38.0 71.5 56.7 52.11 55.11 79.1) 66.11 
EN IM 3 48.5 57.1) 45.0 58.3 71.0 511.0 77.5 72.7 

IS 12608C 36.0 45.5 71.0 58.3 35.5 80.1 94.0 70.3 
IS 2328 67.0 62.0 24.0 58.3 63.0 70.5 93.0 67.7 
EC 92794 47.0 45.5 69.5 51.7 54.1 54.5 83.0 75.0 
IS 2816C 42.5 71.5 42.5 66.0 25.11 83.1 25.0 79.0 
IS 6195 70.0 37.5 70.0 54.3 59.1 56.11 58.5 86.7 
CS 1 I 58.1) 54.0 57.1) 71.0 71.0 69.0 81.5 80.3 

SE ±8.72 ±9.13 ±6.65 ±9.22 ±12.97 ±10.40 ±9.(/8 ±8.29 

CV (%) 32 31 19 26 36 25 !8 18 

1.R = rainy season. 
2. 1 =posiraimy season. 
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than 12% midge damage tinder natural condi-
tions. Three cultivars, DJ 6514, TAM 2566, and 
IS 12666C showed repeatableand stable levels of 
resistance over all four seasons under no-choice 
conditions. TAM 2566 and IS 12666C also 
showed anti-xenotic resistance (nonpreference) 
under field conditions. 

Breeding for Weresistance. incorporated 12 
improved midge-resistant brecding lines into outr 
panicle-feeding (midge headand hugs) pest-
resistant population during 1983,84 postrainy 
season at ICRISAT Center. In the following 
rainy seasoni the population was aiido n-ma ted 
under moderate natural midge infestation at 
l)liarwad. 

We identified improved, midge-resista nt lines 
PM 7068, PM 7407, and PM 11808asnoiirestor-
ers and initiated a backcrossing program to con-
vert them into male-sterile lines. Midge-resistant 
nonrestorers, PM 7060, PNI 7061, ard PM 6751 

identified earlier are 
 in tile I1C, stage of 
coniversioi. 

We made crosses between 12 improved midge-
resistant breeding liies and 29 elite lines during 
the 1983 postrainy seaison and advanced them to 
I. generation during the following stunimer sea-
sol ii the greenldOUSe. The resulting 145 F, 
segregating progenies were screeried for midge 

Panicles of improved sorglhumi variety ICS' 197 (left)that has good agronomic traits and resistance to 
midge, (Contu-;:2Usorghicola, across locations coni-
pared with susceptible hybrid ('SI! I (right). 

cs I 

ICSV 197 


resistance and agronomic desirability at Dhar
wad during tiie rainy season, and we made 625 
midge-free idividual plant selections. Of those, 
i13 selections were from crosses involving 
ICSV 197 (PM I1344), an improved midge
resistant line. We also evaluated approximately 
225 F4 to F, progenies for resistarice to midge 
during the rainy season at Dharwad, and identi
fied 208 agronomically-Ipromising, midge-free 
individual plants from less-susceptible progenies 
(Table 13). 

We eva luated 130 advanced progenies for 
midge resistance at Pantnagar during the 1984 
rainy season. Seventy-four of them were free 
from midge damage. 

The best advanced inidge-resistant liies 
across locations were PM 6978, PM 7018, 
PM7138. PM7147-1, PM7177, PM7321, 
PM 7568, PM 7574, ICSV 197, PM 7318-2, 
PM 7526, PM 10825-1. and PM 7322. Table 13 
shows the performance data of the three best 
liliesat ICRISAT Ceiterad iliarwad. Wealso 
evaluated ICSV 197, a midge-resista nt improved 
breeding line for resistance to nudge at four 
locations: ICRISAT Center. Ilharwad, Pant
nagar, and Tolichowki. The results obtained 
showed that the midge resistance was main
tained at al! locations. 

I lead Bug (Calocoris angustatus) 

Biology. Our monitoring of head bug popula
tions at ICR ISAT Center indicated peak activity

during September. Ilead bugs were observed 
 to 
be active in fariiers' fields on off-season fodder 
sorgliun during tile sunier season. 

Chemical control. tested insecti-We several 
cides for head bug control during the 1982 and 
1983 rainy seasons, and 1982,83 postrainy sea

sont IC IST Center. Carba ryl (0.1%) a
the most effective, followed by fenivalerate 
(0.01%), chlorpyriphos (0.05%), quinlphos
(0.05%), and malathion (0.05%) (Table 14). Car
baryl (0. I%) was most effective when applied at 
post-anthesis and milky-grain stages. Dichlor
vos and fenitrothion were phytotoxic to leaves. 
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Table 13. Performance of selected nidge-resistant sorghum breeding lines at ICRISAT Center and Dharwad, 
rainy season 1984. 

Grain yield 

Days to (kg ha- ) Seed 
Line Pedigree 50% flowering Site A' Site 132 set (%) 
ICSV 197 (IS 3443 - DJ 6514)-I-1-1-1 66 5840 3810 90 
(PM 11344) 

I'M 7322 (IS12573C - SC 108-4-8)-7-4-3-1 54 5220 3260 81 
I'M 7400-1-3 (IS2579C , DJ 6514)-15-1-1-1 62 4840 2920 77
 

Controls 
CSH I 
 48 3940 1520 26 
DJ 6514 
 73 3910 2310 64
 

SE 
 +-0.8 ±427 ±447 

CV (%) 1.3 10 19
 

1.Evaluated under high fertility and insect control at ICRISA I Center. 
2. Evaluated under high fertility and natural midge infestation at ltharwad. 

Screening for resistance. Four infester rows of technique to screen 3856 sorghum germplasm 
a susceptible cultivar (CStI1) weie planuted 20 lines for head bug resistance, and selected 113 
days earlier than the test material. The infester lines for further testing. 
rows werc planted after every 16 rows. At the We screened 12 less-susceptible and 3 
time ol head enlelge nce in the infe'ster rows, head susceptible cult iva rs Under headcages d u ring the 
bttgs collected from other fields were uniformly 19"3 rainy season. At emergence the heads were 
spread in the infester rows. ir.fested with 5 or 15 pairs of head bugs. The 
The head bug poptlatIon built up for on, results arcshown inTable 15. Eight cultiva rs had 

generation on the infester rows and then moved significantly fewcr head bugs 20 days after infes
to the test material. We used this infestor-row ration with 15 pairs Per head. CLtiva rs IS 4544, 

Table 14. Insecticides tested for head bug control on susceptible sorghum hybrid (SI1 I,1CR ISAT Center, rainy 
season 1983. 

Number of heald bugs head -i 

Postanthcsis Milky stage 

Insecticide 
Before 
spray 

24 iafter 
spray 

Before 
spray 

24 h after 
spray 

Grain yield 
(kg ha 1) 

1000-grain 
mass (g) 

Carbaryl 
Fenvalerate 
Chlorpyriphos 
Quinalphos 
Malathion 

Untreated control 

13 (3.3)1 
8 (2.6) 

13 (3.3) 
9 (2.8) 

11 (2.6) 
9 (2.4) 

1 (1.4) 
I (1.4) 
5 (2.3) 
2 (1.5) 
2 (1.6) 
1 (1.4) 

18 (4.2) 
26 (5.0) 
16 (2.9) 
19 (4.1) 
19 (4.2) 
26 (4.9) 

1.5 (1.2) 
5 (2.3) 

19 (3.9) 
5 (1.8) 
7 (2.4) 

54 (7.3) 

2400 
2370 
2340 
2040 
2020 
1800 

27.8 
27.0 
24.7 
27.1 
24.3 
23.3 

SE (±0.74) (±0.30) (±0.44) (±0.52) ±312 -1.33 

1.Figures in parentheses are square root transformed values. 
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Table 15. Fopulation increase and grain damage in 15 sorghum cultivLrs infested with 5and 15 pairs of head bugspanicle-', ICRISAT Center, rainy season 1983. 

Ilead bugs panicle II)amage rating' (teruination (')

Cultivar 5 pairs 15 pairs 5 pairs 
 15 pairs 5 pairs 15 pairs 
IS 17610 104 (10.11)2 84 (9.0)2 3.3 3.0 72 (57.8)1 85 (67.0)1IS 17645 83 (8.9) 174 (13.2) 3.0 3.2 74 (59.7) 84 (66.7)
IS 9639 25 (4.3) 204 (14.2) 3.0 
 3.9 78 (62.2) 80 (63.7)IS 17618 132 (11.5) 312 (17.7) 3.5 3.5 83 (65.3) 76 (60.8)IS 4544 119 (10.8) 374 (19.3) 2.3 3.2 70 (57.9) 72(57.7)
 
IS 9692 83 
 (8.9) 232 (15.2) 4.2 4.7 67 (54.9) 66 (54.0)IS 14476 47 (6.8) 63 (7.9) 4.2 5.0 64 (52.8) 46 (42.4)IS 21217 88 (9.3) 297 (17.1) 3.8 4.7 64 (53.1) 42 (39.8)IS 6983 34 (5.8) 57 (7.1) 4.1 4.0 71 (57.5) 42 (40.2)IS 2761 44 (6.() 204 (14.3) 3.9 4.3 86 (68.1) 37 (37.2)
 
IS 6984 123 (II.o) O (7.0) 4.8 5.0 
 57 (48.8) 30 (32.9)CSII 5 178 (13.3) 394 (19.8) 4.1 3.7 4 (10.5) 12 (19.8)CSII I 281 (10.7) 625 (25.0) 4.5 4.6 37 (37.3) 6 (13.6)CS11 9 279(16.71 495 (22.2) 4.4 4.9 9(17.4) 3 (8.6)Swarna 226 (15.0) 277 (16.6) 5.0 5.0 7 (13.7) 0.I (1.8) 

S -(0.83) ±0.06 ±(4.00) 
1. Damage raiig oinitI to 5 scale, wliecc I ew .cding imlic res oiithe grain and 5 grains ulid,..eschi d, heads ChaI'. 
2. lig, .esin pa iiei h es , ie squarc tol iramis l ,,ic.dvalt ls. 
3. IFigures iiipitithliees eilr ai,I I ";sllotruled %alues. 

IS 17645, IS 17618. and IS 17610 suffered mod- damge andunder grccnhousc conditions,

erate grain damage (rating 3 to 3.5) wlille selected 50 
 in Icsfor further testing. We also eval-IS4544, IS9639. IS 17618, IS 17610. and uatcd ten lines for armvworni danmage in largeIS 17645 had germination rates over 70"i con- plots (108 m 2) under field conditions and found
pared to 12"1 or less in tie susceptible cultivars IS9692, IS61. IS6984. CS!I 5,and CSI19 had
CS II I,CSI15, CSII9, and Swarna. 10-201", leaf area da naged compared to a sus

ceptible line IS2761, that had more than40(', ofOriental Armyworm (/lthimna sepruta) arc,its le"'" darnaged. In general tall, fast
growing ,'ulti'ars with long intcrnodcs sufferedBiology. We monitored the armyworm popu- less damage 40 I),AF under lield conditions thaiilation at ICR ISAT Center using light traps short, slow-growing cultivars. 

throughout the year. The population started to 
increa,:e in August, peaked in Septembcr, anddeclined from October to November. Trap Neent (Azadirachtainlica) for Insect ('ontrol
catches in 1984 were much lower than thoserecorded in the previous 5 years, probaly Laboratory testing. In collaboration with thebecause the rainfall was low and erratic. Regional Research L.aboratories ( RRI.), I I\dc-

Scliening rabad, India, and .Iustus l.ichig Univ'rsityfor resistance. We screened 600 (.11.1), Giessen, Federal Republic of Germany,-orghurm germplasm lines, selected as less sus- we continued to study the antffeedant propertiescLptible under field conditions in 1983, for Icaf of n11em1 (.A :adirach/a inldica). We investigated 

http:279(16.71
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the dosage antifeedant response of neem extract 
(fraction G) using 3rd instar larvae of M.*thimna 
separata. Fraction G is an active antifeedant, 
reducing leaf feeding by about 5V(', at concentra-
tions as low as 0.005('j,. At concentrations of 
0.04b. feeding was completely inhibited under 
laboratory conditions. 

A number of formulations were made fron 
fraction G using different solvents and syner-
gists, and Emulgator \VR as an citi lsifier, and 
tested at 0.05% concentration. We found on 
visually assessing the leaff thedamage caused, 

Table i6. Effect of four neem fraction Gformulations 
on leaf feeding and larval mass of 3rd instar larvae of 
Mythimna separata under laboratory conditions, 
ICRISAT Center, 1984. 

Damage Larval 
Formulation rating' mass(g) 

Fraction G in beizyl alcohol + 3.0 0.16 
piperonyl butoxide 

Fraction G in benzyl alcohal 4.0 0.52 
Fraction G in methanol + 1.5 0.20 
piperonyl butoxide 

Fraction G in methanol 3.2 0.30 
Piperonyl butoxide 2.3 0.16 
Emulsifier 4.0 0.53 

Untreated control 4.5 0.89 

SE ±0.38 ±0.110 

1.Based ona I to5 scale, where I 10%.2: 11-251,i,3 26-
40%,, 4 =41-W0%, and 5 601,.= leaf area consumed. 

formulation with fraction G in methanol +pipe
ronyl btttoxidc (P130) was the most active under 
laboratory conditions (Table 16). 1O130 syner
gized the action of fraction ( in both methanol 
and benzyl alcohol. 

Field testing. We evalmated an enriched neem 
extract from ,LIU for pest control on sorghul111 
CSH I under field conditions. [he insect nuim
bers recorded, and damage caused by gray wee
vii (M vllocerus sp), oriental armyvworm 
(A.thimna selarata), and stem borer (Chilo 
partelus) in treated plots \were significantly 
reduced compared to untreated plots. Plots 
sprayed with neem extract yielded almost twice 
as much grain as untreated plots (.'able 17). 

Microbial Associations 

Biological Nitrogen Fixation 

Nitrogen balance studies. In a long-term, 
nitrogen-balance field trial started in 1978, eight 
sorghtm cutltivars (Table 18) are grown each 
year on the same plot with the same rates of 
added nitrogen. Ilowever, dLic to continued 

cropping vith sorghuml, the subsCquCnt 
sorghtim crops grew poorly. To overcome such 
problems dutring the 7th year of the experiment
(rainy season 1984). a uniform crop of millet 
cutivar I(M V I was grown with the same levels 

Tuble 17. Effect of neem extract on insect pests and grain yield of sorghun cultivar CSit I under field conditions, 
ICRISAT Center, rainy season 1983. 

Stem borer damage 

Gray weevils/ Armyworm Internodes Stem 1lead bugs, Grain yield 
Treatment 100 plants damage bored (%) tunneling (%) 10 heads (kg ha-') 

Neem extract 18 (4.3)1 2.72 5.6 (13.3)1 3.6 (10.2)1 389 (19)1 2250 
Emulsifier 41 (6.3) 3.5 19.7 (26.1) 12.3 (20.3) 585 (24) 1083 

Untreated control 31 (5.5) 3.8 17.7 (24.6) 13.7 (21.5) 661 (25) 1167 
SE ± (0.34) - (1.93) -(1.74) -(1.5) t183 

1.Numbers in parentheses are square root transformed values. 
2. Damage rating based on a I to 5scale, where I 101%,2 = 11-25%, 3 26-40'*, 4 =41-60%., and 5:.60%leaf areaconsumed. 
3. Numbers in parentheses are are sine transformed values. 
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Table 18. Total dry-matter yield (k% ia- ) of millet 
cultivar ICMV I grown in plots previously cropped 
with sorghum cultivars in long-term nitrogen-balance 
trial, ICRISA (Center, rainy season 19841. 

Nitrogen tcrtilizer 

sorghum cultivars, CStl 5,CS If 9,and ICSV I,
and (0inoculation treatmelnts using niti di ffer
tnt strains of bacteria, during tie I984 rainy 
season. I noculotionl resulted In Increased raill 
yield over tile[loilltocttllted Cont rol across all 

Sorghum cultivar grown 
in previous years 

FI+R 101 

CSV 5 
CS II 5 
IS 2333 
IS 889 
Dobbs 
IS 15165 
IDiallel 642 

SE: 


Mean 

SE 

V ( 


applied (kg ha ') 
0 20 40 MeaneIXutn 


3870 5290 6290 5150 
3753) 4780 5790 4770 
3520 5)90 540 4750 
3530 4850 5980 478() 
4330 5620 5650 4200 
3800 420(0 566(0 4570 
4990 4840 5730 5190 
4280 4920 5800 5000 

±358 ±108 

4010 49(0 5823 

+44
 

. M eai oftour replications. Netplotarea ha vested 
 2 .25 

.(31M 


of Idded nitrogen. total dtrv-mtltr yields of
ICM V Ikaried sig nificantly (/ 3: be IpO.01)1


ntlvlc I ewenmt.t
plots previ\ously so\ssn \%filhsolghlll. across the 

tiitroget levels, and atnongst the iitrogen C\cls 

across tile plots pre\ iousl sown \ithI sorghwll. 

\itotISl.\ x\ithl
l spI SO\kvnIlo sorghumllpI Cjl~tt\r(rISIS 
889 vielded 5200 kg ha 1,the niaxiiunli toital dty 
matter across all nitrogen lc\els. IS 15165 had 
the maxinun total drv-matter yield (4990 kg 
ha i)with no nitrogen illalty yea r. [lhe total 
drv-tiiattcr yield (f millet cultiuar ICM V Ifrom2(3
 
p)lts where previously cuhtivar! ( "'i15 and ISM2333 were grown icross tle nitrogen lccls w\'ere 
similar (lable 18). [he Ctitilativ'e nitrogen 
uptakeC throulgh Ibo\e-grolund plallt pats from 
1978 to 1983 (except 1981) indicated that CSII 5 
had tlie highest i3roge tptake (23( kg ha ) 

amongst tile Solghumiln cultivar's aCrOss (le ap-
plied nitrogen levels, illdIS2333 tie lowest (180 
kg lia-I). These results stggest that sorglum cul-tivars vary il iitrogen-fixiug ability. 

Response to withinoculation nitrogen-fixing 
bacteria. We conducted a field trial with three 

cuhivars. licrtas;s \alied from 2 to +i(. with 
llli tlcftCases ntLctllatioll w%,it]ni ftollo\ [fig 

A zo.irilhm lil,,()ldrn ((AI 1001 land I-o.:i
ri//um sp (ICM 1(01)( lable 19). A similar trend 
was also obser\ed in total dry-Inlattcr producotio
1 the three cultiVaris. 

Table 19. Grain yield (kg halI) of sorghum cultivars 
inoculated with arious strains of iitrogen-fixing b)ac
teria, ICRISAI (enter, rainy season 1984. 

Culti',ars 

i~actcrial strain 

"l w' h1
).rilh2o 

3013 


,',/It(
l|r l]ro(I(€h' Id/il
 

(II' .\t 20013 
N3lBR 

Ale/ra.,,ne (St. 33'iAl+m ~lilluml~ sp
I 


13 
.i:,.pirt/lum sp
 
(lcM 12) 

.I'i~iirilusp
 
( 33M
103)
:o.irilhim sp
 
(ICM 1(4) 


. lIiplI/rwnl 
(4 A111.)4 

Noninoculatcd control 

,";i! 


Mean 


Sl 
cvl ( 

'.335 "Sit '.t.\'I Mean,
 

0 35'40d307 
4230 41 30 3540 3'i7t 

3891 11M 29 ' 30(1 
.231 3O.120 3470 3.0811 
4340 4140 3410 ;931 

3 0 .. 
4380 3981) 36,M) 395(1 

411(0 38310 3343 .7611 

40370 40411 291011 3670 

4190 385(0 3180 37411 

43310 .180 3570 3893 
3750 3X80 3190 30t10 

±2201 ±130 

40,90 395( 33 
±44 
10
 

1. Mteani of four replications. Net phl rl hare ) 9 In-.arvestedA basal erili/er dose of21 kg N and 9 kg ha Iwas 
applied. lachplot \itsinoculated twice with 2.5 1.liqulid 
inocktuni prepared by suspending it70 gpeat culture with 
viable bactcrial countt of 101g I peat in70 I.water.

2.Napier tIa.ira Root t\tract.3. Culture otained 
Io t the 3u\.crsity of Alberta, 

Edmonton, Caitada. 
4. Culture obtained froml
('cnte Natilnal de Recherche 

Scicntiliquc (N RS),I-ance. 
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Effect of different levels and time of application 'Fable 20. Nycorrhizal colonization of sorghum geno
ofI bacterial inoculim on grain yield. We con- types grown at ICRISAT Center and Bhavanisagar,
 
ducted a field inoculation trial using cult ivar rainy season 1984.
 
CSH 5 during the rainy season to study the
 
effects of different cell concentrations of ,. VAI coloni/.ation (%)'
 

lipoli'rU/n (ICM 1001), and time of applications Origin ICRISA I 13havani
on grain and plant dry-matter yields. The grain G(enotypc (country) Center sagar Mean
 
yield results indicated that inoculation with a IS 2046 USA 23 17 20 
peat cIIht rC suspension at sowing mtxi iizi/ed IS 8248 Uganda 19 21 20 
grain yield. and that inoculation at thinning (3 IS 41)42 India 26 20 23 
weeks after sowing) also increased grain .yield IS 18345 India 18 28 23 
over the control, but the increasC \was sUbstan- IS 2873 Egypt 28 19 24 

tiallv lower than that from plants inoculated at IS 19078 Sudan 16 34 25 
sowing. We obser\ed m1axi 11n11in grain \'icl IS 1052 India 37 14 26 
(3860 kg ha ') from a treatment whcre a broth IS 9508 S. Africa 19 32 26 
cultire witi 10 bacterial cells in I was applicd IS 18309 Niger 23 29 26 
at the time of sowing. 1ut. when tlie bacteria ccll IS 10747 Chad 18 35 27 
concent ratiol was decreased, grain ield also
decreased. Thlere wasio addlitiona IS 23502 Ethiopia 21 33 27

iona benhI otaine IS 22471 Sudan 30 24 27 
single inoctilation with culttue broth contain- IS 1024 India 24 32 28 
ing I(' cells ml. in a second itnoculiation using a IS 8571 latuania 32 25 29 
cultire broth \'ith tilie sanmc cell concentrattion. IS 18415 India 26 32 29 

NIycorrhiza IS 8064 
IS 4599 

Japan 
India 

15 
2! 

45 
41 

30 
31 

IS 271 Unknown 27 37 32 
Genotypc-depenlent differences. lThrt ygerin-
plasm accessions tested at two locations (ICR1-

IS 10755 
IS 4001 

Chad 
India 

29 
28 

37 
39 

33 
34 

SAT Center and lihavanisagar) for differences 
in the extent of root coloniation by \esicular- IS 84 Egypt 48 2(1 34 

arbuscular mvcorrli/a (VANI) differed signili- IS 9468 S. Africa 28 41 35 

caitlv (P z 
coloni/ation 

0.05) (Table 20). [he percentage 
ranged fron 15 to 18"1 at ICRI-

IS 1035 
IS 20 

/idia 
Zigbria 

37 
35 

33 
38 

35 
37 

SAT Center Ind 14 to 53"1 at I1th\anisaar. 

Inrteraction between genotype and location was IS 18440 India 41 34 38 
highly significant (' 0.01) suggesting VA M IS 22381 Sudan 38 39 39 
fungal preferences for plant type. IS 15184 Cameroon 26 53 40 

IS 2293 Sudan 46 38 42 
Rock Phosphate and VAM IS 9284 Sudan 34 51 43 

Control 
In a pot trial using nonstcrilied field soil con- CS 1- 5 India 26 37 31 
taining native VAM flora, plants VAM
inoculated with Acaulo.slra sp yielded SE (genotypes) ±5.5 ±5.5 ±4.2 
significantly () ,I 0.05) more drv matter than Mean 28 33 
noninoculated controls. Kodjari rock phosphate SE (location) -+1.0 
was added at levels ranging from 0 to 80 kg P 
ha - 1. Mycorrhizal inoculation plus rock phos- CV ( ) 27 24 

phate at 4 kg P ha- I increased dry matter by 68% 1. Values are means of eight plants from two replicate plots 
over controls havinrg only rock phosphate, and each with two rows, 3 In long. 
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the response decreased as rock phosphate appli-
cation increased. These results underline the 
importance of mycorrhizae in tile titili/ation of 
low concentrations of sparingly-soltible rock 
phosphate in the soil. Mycotrrhi/al fungi seem to 
vary in their efficiency to titili/e rock phosphate. 
In a pot trial using rock phosphate (12 kg ha 
applied to a stcrilied Alfisol (0.1 ppl Olsen I'), 
10 VA M inoctlants sL.1nil'icantly ( 0 in-(1.01) 
creased total dry matter(l l);I)and phosphorus 
uptake by sorghum plants. The most efficient 
VAM tig us. .hwatdo.wora Sp. increased plios-

'm,,.v (ahodwu,.s. the least cflieient V\\M Ifungus 
tested, 

Screening for P uptke and tr-'nslocation. We 
de\eloped a techniq lie to collect 'bleeding sap'
(F.ig. 4) in order to monitor phosphorus translo-
cation into the shoot, having previously found 

phorus absorption nearly four times u\cr (I,/,- hydrolyiing the sap with acid, and total phos-

Plastic tubing 


'13BIleding sap' -

Severed sorglln)n shoot 

/ 
/ 

/
 

Psttn/
"breeding 

Saimed 

Figure 4. Seedling of sorgliun cultivar CSII 5 with 
shoot severed to collect 'bleeding sap'. This technique
is used to mnitor phosphorus translocation from soil 
to shoot. 

this technique feasible (ICRISAT Annual 
Report 1982, p.47). Sap analysis showed that 
phosphorus is translocated in both bound and 
tree Inorganic loms. 

In a pot trial with ,icm!lloslora sp. (ii(aVora
wr/ox,and (U. maru'ariba, the total lnll'orwa. 

I) rhiial length was directly correlated (r :0.86*) to 
free inorganic phosphortus in the bleeding sap 
collected from 56-day old sccdlings. In a field 
trial with (hl/lumn ox'.'. (;io,'avporaG)uul;€,atr-
It.and (G.ca/oveora, wre founl acorrelation (0
t).86*) between total phosphorus obtained by 

phortis tiptake b\ sCelings. lPosti\.c rClaItion
ships bctmseen mIl\corrhial ctlouu/at io1" anld or 
total phtosplhorus uptake b.\ plants indicate tlat 
tile techniqh ue cotuld be used to screen host planits 
and VANI futigi for P uptake. Ilo%\exer. plant 
age, P source, etc. are factors that should also be 
considered. 

Plant Improvement 
Multifactor Resistant Populations 

We have successfully used recurrent selection 
methods and significantly improved 

sorghum populations for grain yield and agro
nornic desirability. We have now embairked onl i 
long-term population improvement prograin 

at compositing five broadbased inilti
factor-resistant popula tions (Table 21). We will 
incorporate into the population, iinproved sour
ces of resistance to diseases and insect pests as
well as other desirable cla racteristics im portant 
iil priority geographical regions of the seri-arid 
tropics (S'AT). The populations when formed 
will be steadily improved by recurrent selection 
methods, and additional improved source mate
rial ;'ill be incorporated as and when they 
become av'ailable. 

Piopulation evaluation. A trial consisting of 
f'our cycles of selection for each of five popula
tions was conducted in 1983 at locations in India 
and Africa. The results from three Indian loca
tions have already been reported (ICRISAT 
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Table 21. Planned multifactor-resistant (MFR) sorghum populations. 

Important trait and trait 
Designation complexes to be incorporated Monitored traits 

ICSP I R/MIFR Resistances to grain mold, Improved grain yield, charcoal rot, 
ICSP 2 B/MFR stem borer/shoot fly, and midge stand establishment, Striga, and food quality 

ICS P 3 RIM FR Resistances to grain mold, Improved grain yield, charcoal rot, stem 
ICS P 4 Bi M FiR stand establishment, and Striga borer/ shoot fly, midge, and food quality 

ICS P 5 1ItR/ M FR 	 Improved grain yield and resistances Charcoal rot, grain mold, midge, and 
to stem borer shoot fly, Siriga, and stand establishment 
food quality 

Annual Report 1983, p. 39). We received and babwe. Selection gttitsovetcyclesforgrainyield 
analyzed additional data from two AfricanIloca- atnong the four populations (US; R, US/B, 
tions, Golden Valley Research Station, Zambia Rsi R, and Rs, B3)were low and ranged from 
and Rattray Arnold Research Station, Zim- -17.0 to 5.9% (Table 22). It is important to note 

-
Table 22. (;rain yield (kg ha-') of different cycles and percentage gain cycle 'of sorghum populations evaluated at 
Golden Valley Research Station, Zambia', and Rattray Arnold Research Station, Zimbabwe', rainy season 1983. 

(iLin (,) 

Population Cycle Zambia Zimbabwe Mean Per cycle Overall 

US/R CO 
C, 
C, 
C4 

3060 
3130 
3650 
2870 

3940 
4420 
5960 
4)30 

3500 
3770 
4800 
3450 

7.7 
13.7 

-28.1 -1.4 

US/B CO 
C2 

C, 
C4 

1890 
3800 
4440 
3410 

4170 
5310 
4250 
3020 

3030 
4550 
4350 
3210 

25.1 
-4.4 

-26.2 5.9 

Rs/ R CO 

C2 
C4 
C, 

3020 

3310 
331d 
4200 

5860 

5440 
3790 
5170 

4440 

4380 
3550 
4690 

-1.4 
-9.5 
32.1 5.6 

Rs/ B Co 
C, 
C4 
C5 

3680 
2930 
4430 
4100 

5680 
4530 
2640 
3670 

4680 
3730 
3530 
3880 

-10.1 
-2.7 
9.9 -17.1 

WAE CO 
C, 
C2 

1910 

3090 
4800 

1810 

4280 
5180 

1860 

3690 
4990 

98.4 
35.2 168.1 

Control 
CSH 5 3570 4570 4070 

SE ±365 ±461 

CV (%) 18 18 

I.Randomized block design (R1I)),plot size
18 n12 inZambia and 6 n12 inZimbabwe. 
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that selection gains over cycles for grain yield for 
tile same populations at Indian locations were 
relatively high, ranging from 7.1 to 28%. All the 
populations were improved forgrain yield under 
Indian conditions and this may partly explain 
why selection gains are higher at Indian than at 
African locations. We need to condtuct more 
evaluation trials of these popula tioris at many 
more locations inrAfrica and India to confirm 
this finding, 

Development of synthetic varieties. We con-
tinued our plans to develop synthetic varieties 
using the most advanced populations of [IS R 
and WAE (ICRISAT Annual Report 1983. p. 
39). The six svnthetV., varieties under develop-
ment were separately randoni iiated twice. We 
will evalulate these synthetic varieties inrmulti-
locational trials iti India during the 1985 rainy 
season to estimate their stability and adaptation 
compared with co ninircIal varieties ind 
hybrids. 

Derived liles. We continued pedigree selection 
inour most ii'provcd populations. A total of 
419 derived liites inatdvarnced generations were 
grown and reselected during the rainy season. 
All the selected lines are being advanced to the 
next generation during the postra irny season ,and 
will be yield-tested in the 1985 rainy season, 

In an advanced varietal trial consisting of 42 
advanced population derivatives at ICRISAT 
Center, Dharwad, and havanisagar during the 
1984 rainy season, seven liires with good yield 
potential, and other desirable agronomic traits 
were selected. Those lines, ICSV 163, ICSV 138, 
ICSV 104, (IFLR 274 , CSV4)-0-2-1, [(FI.R 141 
" CSV4)-I-2 x Ind-Syn]-3-3-4, [(FIR 101 
IS 1082)-4-5-1 - Ind-Syn]-235-3-2-2, and 
[(SC 108 - Diallel Poll)-2-1-2-3-3], have mean 
grain yields ranging from 4356 to 4552 kg ha-
' 

compared to 4292 for the best control variety, 
ICSV I. 

Evaluating Advanced Elite Varieties 

We yield-tested our 60 advanced elite sorghum 
varieties at three locations in India during the 

rainy season. These lines, derived from crosses 
involving recently-collected sorghum germ
plasm accessions have excellent grain quality 
characteristics. Mean grain yields of the most 
promising entries are presented ill Table 23. 
Most of the selected liires possess highly corne
otis grains, aind those dcrivcd f'roml crosses 
involving IS319614, PC629, and IS 17797 also 

have long panricles. We also present in Tables 24 
and 25 mean grain yields of several other 
advanced lines selected from various trials oii the 
basis of their good yield potential Iand desirable 
agronomic traits. Most of the improved 'arieties 
\will be distributed to our cooperators intlie SAT
for use in tir hreedirg programs, and for inul

tilocatiollI eval,;tiotl. 

Fenmle Parents for Illybrids (Male Steriles) 

Milo cytoplasm. We exaluated ina replicated 
nursery 2 15 A and Blilies at seven locations in 
India during the rainy season. They were also 
screened for resistance to leaf diseases at IPantnagar, ard to I)- wt I:ro,iaiwad. :hese, we 
selected 45 A and B3liiies of diverse origin with 
superior agronomic cha racteristics and stable 
performance. The ican grain yield of 13liites of 
the selected male steriles ranged from 2500 to 
4490 kg ha-1 compared with 3000 to 3800 kg ha-
I
 
for the best commercial controls. Some of the 
selected liites are less suscept ible to diseases and 
have good graiin quality claracteristics. Ill 
another trial, we evaluated several new male 
steriles derived fron populations at three loca
tions inIndia. The results from the most promis
ing 13lines are presented in Table 26. We will 
evaluate all selected male steriles for their corn
bining ability during the 1985 rainy season. 

Nonniilo cytoplasm. All the nonmilo cytoplas
mic male-sterile lines we have collected (ICRI-
SAT Annual Report 1983, p.43, Table 21) were 
grown during the 1984 rainy season at three 
locations in India, where they all uniformly
showed sterility. 

Our efforts to identify fertility restorers for the
nonmilo male steriles are continuing. We made 
several crosses between nonniilo male steriles 
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Table 23. Mean grain yield (kg ha-') of tonising elite sorghum varieties evaluated at three locations in India, 
rainy season 1984. 

ICRISA Blihavani-
Entry Pedigree Center i )h:wad sagar Mean 

ICSV 202 [(SC 108-3 , CS 3541)-3 , ICSV 112]-2-2 5970 7220 4180 5790 
M 10968 [ICSV 112 x (IS 12611 x SC 108-3)]-2 5750 6200 4880 5610 
M 11026 [IS 20509 , (IS 12611 - SC 108-3)]-4-4 5530 5760 5330 5540 
* 11036 [(SC 108-3 x CS 3541)-51-1-1 (CK 6011 

IS 84)]-l-1 5330 5630 5160 5370 
ICSV 199 IS 1961 , [(148 1: 35-1 - CS 3541] -10-1 6220 5330) 4280 5280 
M 11049 [(148 , E 35-1)-4-2-4 , IC 629]-2-1 4720 4830 3690 4410 
ICSV 200 [(148 IF 35-1)-4-2-4 , IS 17797]-1-2 5030 4260 3390 4230 

Controls 
!CSV 2 (SIV 386) 6030 6670 3860 5520 
ICSV I (SPV 351) 5500 5670 393(0 5030 

SE ±770 ±970 ±770 

CV(%b) 14 18 19 

M 11033 [(SC 108-3 , CS 3541)-3 " ICSV 112]-2-3-1 6690 5330 3580 5200 
M 11010 [IS 19614 , (IS 12611 SSC 108-3)]-1-1-6-2 6610 4720 3610 4980 
M 10997 [ICSV 112 , (IS 12611 , SC 108-3)]-44-9-27 5360 4800 3150 4440 
M I 1109 (E 3o-I x CS 3541)-3-15-2 5640 4351 2080 4020 

Controls 
ICSV 112 (SPV 475) 5390 4350 3840 4530 
ICSV 158 (SPV 615) 5190 5330 2590 4370 

SE ±633 ±551 ±660 

CV(%) 12 12 21 

and germplasm accessions during the 1984 post- iraits, and good grain quality will be distributed 
rainy season. All the resulting F~s will be grown to our cooperators in the SAT for multiloca
and observed, to see whether any germplasm tional evaluation. We will also distribute all the 
accessions restored fertility to any of the non- parents of these hybrids to interested cooperat
milo male steriles in the F, generation. ing breeders for use in their programs. 

Hybrid Evaluation Inheritance Studies 

We evaluated several preliminary hybrids pro- Grain Mass and Hardness 
duced from our new male-sterile lines MA 6, 
MA 9, MA 10, MA 12, SPI. 180A, SPL 204A, We made a diallel cross of six sorghum lines 
and SPL I I7A in replicated yield trials at three varying in 100-grain mass and grain hardness, 
locations in India. Mean grain yields of the most and evaluated the F, crosses and parents during 
productive hybrids are presented in Tables 27 the 1984 postrainy season at ICRISAT Center 
and 28. All the selected hybrids that combine (irrigated), and Bijapur (on residual soil mois
high yield potential with desirable agronomic ture). For each entry, we recorded 100-grain 
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Table 24. Mean grain yields (kg ha-I)ofselected advanced sorghum varieties evaluated' at three locations in India,
rainy season 1984. 

Entry Pedigree 

DKV I (SPV 105 CSV I)-1-1-4-1 
DKV 73 [(M 35-1 M 1009)-3-2-1 ,F,-6]-5-2-3-1
DKV 74 [(M 35-1 M 1009)-3-2-1 x F,-6]-5-2-3-2
DKV 23 (207713 ,SPV 86)-2-2-2
DKV 43 (22-40 SPV 105)-6-12-1-1-1 
DKV 19 (1)i 531-77R x F 185-2)-9-2-1-1-1 
DKV 3 (20-67 x S3 1067)-4-1I-1-I-

Controls 
CS H 9 
CSII 5 
SPV 351 


SE 

Trial mean (genotypes) 

CV(%) 

1.RD, two replications, plot si/es between 8 and 12 in2. 
2. IIF H,ighfertility P 56: K 0).(N 86: 
3. I.F low fertilitv (N 40: F)20: K 0). 

mass (g), the percentage of grains floating in a 
solution of sodium nitrate (1.3 s.g.), and mass of 
tie product (.1700 Mm) recovered after pearling 
a grain sample (20g) for 4 mi n in a Tangential 
Abrasive l)chulling Device (TAI)D) fabricated 
by an International )cvelopment Research 
Council (ll)RC)-fUtided project at the National 
Research Council, P'rairic Rescarch L.aboratory
(PRI.), Saskatoon, (anada. [he percetage of 
floaters was correlated with TAI)1) pearling re
covery(r:-0.64**) confirming ourearlier obser-
vations using a seed scarifier, that percentage of 
floaters is negatively correlated with pearling 
recovery and can be reliably used to select for 
grain hardness (ICR ISAT Annual Report 1983, 
p. 45). Analysis of variance of the data over the 
two locations indicated signif-ant genotype X 
location effects, particularly for percentage of 
floaters. 

Overall heterosis for 100-grain mass was sig-
nificant and positive while heterosis for grain 

ICRISAT Center 13havani-
IiF2 LIF' l)harwad sagar Mean 
4160 3790 356) 1020 3130 
2930 3540 4100 1640 3050 
2040 3760 4910 1480 3050 
3600 3360 4040 1100 3020 
4140 3510 2910 1170 2930 
3410 3560 3590 1350 2930 
4010 2950 3880 780 2900 

3740 4860 4650 1740 3750 
670 4450 3160 1680 2490 

1720 3610 4560 1420 2830 
±624 ±259 ±270 ±275 

2430 3120 3420 1050 

45 14 14 45 

hardness as expressed by the percentage of float
ers and pearling recovery was not significant. 
These observations confirm our earlier finding
that average dominance for grain hardness is 
pa rtial, and that it is significatutly affected by the 
environment. 

I)irnpled or Shrivelled Endosperm Mutants 

We studied the inheritance of dimpled or shri
veiled endosperm mutants of seven sorghum 
accessions----nornial endosperni, SPV350: bas
mati, KEP 472 (ICRISAT Annual Report 1979
80, p.7): dimpled, R. vani, M. vani; Sugary, IS 
5614; and shrivelled high lysine, 1.1.1 and IL2 
(Fig. 5). The last two sorghun lines are 
photoperiod-insensitive derivatives bred by the 
All India Coordinated Sorghum Improvement 
Program (AICSIP) from the shrivelled endos
perm, high-lysine (hI) Ethiopian line, IS 11758. 

http:covery(r:-0.64
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Table 25. Mean grain yield (kg ha-') of selected advanced varieties evaluated' at three locations in India , rainy 
season 1984.
 

ICRISA I Center 

Entry Pedigree IIl 1.1: lrharwad sagar Mean 

A 4053 PC 831I (SC 108 x Diallel Poll)-2-1-2-3-3 6050 3940 4510 3700 4550 
A 926 PC 83R (FLR 141 ,CSV 4)-l-2-4 , Ind-Syn 

-3-34 6760 3360 4750 3200 4520 
A 904 PC 831I ICSV 163 - [CSV 4 (6.6. x 370)] 

-2-1-2-6 6930 3290 4620 2960 4450 
A 928 PC 831t (t:1k101 - IS 1082)4-5-1 lnd-Syn 

-235-3-2-2 6170 3810 4650 3120 4440 
A 913 PC 831R ICSV 104 - (1: 35-1 Is,I 253) 

-2-1-1-I 6271) 3040 4630 3771 4430 
A 917 PC 831t (FIR 274 C.SV 4)-6-2-I 6720 3290 4521 3150 4420 
A 908 PC 831t ICSV 13S [CSV 4 (G.U. - 370)] 

-2-1-1-14 7380 2751 4310 2971 4360 
Control 

CSIt 9 7180 4460 5161 3820 5150 

SPII 221 7170 4590 4220 3860 4960 
SPV 351 6080 3420 4470 3190 4290 

SE ±192 ±275 ±395 ±461 

CV (%) 6 15 16 28 

. RBl), three replications, plot sizes between 7 and 12 m-. 
2. IF Iligh fertility (N 80: P 56: K 0). 
3. IF low fertility (N 40: 1120: K 0). 

Table 26. Mean grain yield (kg ha-') of selected B lines evaluated' at three locations in India, rainy season 1984. 

Ilead exersion ICRISA I lihavani-
Entry Pedigree (cn)F Ccnter I harwad sagar Mean 

SIl. 9011 FIR 141 ,CSV 4-3-3-1-1 12 4841 3490 5351 4560 
SPI. 7913 Is. R 21-8614-1-1 1t) 5051 3680 4871 4530 
SPl 16013 Serere 21-8-1-1 15 5621 2790 4870 4431 

SPL 12013 Ind-Syn 422-1 2 4900 39710 3920 4260 
SIP. 1513 l)iallel 346-8556-2-1 7 5280 2280 4620 4(160 
SPI. 161 B Serere Elite IS 9530-2-2 6 5560 2330 3790 3890 

Sll, 65B Rs, R 2(0-682-1-2 9 4970 3120 3491 3860 
SI-I, 9511 FIk 274 - CSV 4-6-1-3-1 5 4620 2400 4500 3840 

SPL 10013 FI 274 - CSV 4-6-1-3-1 7 4770 2470 3851) 3690 
SPL 11713 Ind-Syn 89-2 18 5200 2040 3560 3600 
Controls 

BF- 623 9 5230 3670 4670 4520 
296B 2 4860 970 4370 3400 
221913 15 3950 2490 3100 3180 

2077 B 8 3760 460 4120 2781) 

SE ±1.5 ±341 ±403 ±383 

CV (%) 21 10 22 14 

I.kIl),three replications, plot sizes between 3 and 6m2.
 
2.Measured at ICR ISA I Center only.
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'Fable 27. Mean grain yield (kg ha - 1) of selected The sugary line has a hard, crystalline, wrinkled
sorghum hybrids produced from recently-bred female endospern. Seed of the basnati (scented) and 
parents, MA 10 and MA 12 evaluated at three loca- V'illi tyPes are dimpled on th'. ide opposite to thetions in India, rainy season 1984. hihnuil aid have soft cfldol )PCrLis. Crosses 

ICR ISA I blevtne-bwven the normal ;lld the lmuf, enItsperlnPedigree (enter l)harwkd airgl Ntlman111lltits showed that all (lie elldospcimI %a -la[ilts 
arc controlled by single recessive gelle.. inter-MA t0 ,NI R 817 7000 6350 0410 6590 crosses between tle mutant,.illS revcalcd that d lho-MA 1 NI It 862 7190 6670 5610 6491 pling in basmatI and vani types isControlled bN

MA I0 MR 846 o720 7280 5250 642() t Ile .'MA t1 MR 813 ((50 7110 4530 (10) the samc recessive gene, hut the shrixclled endos-
MA 10 ,NI It 905 6941o 71.10 4181 6090 l)CIIllS of' sugary and hi gh-lysinc lNpe s arc Con

tiolled by different recessive genes. CrossesControl between hasmati and Va iii types resulted in
CS II 9 700t0 0200 036) t 520 dimpled endosperllls, hill Ctr'osses betwee\ hais-
SI1-574 t935 798 mati x Ill. bazsmati , sugary 'sugary , vain. stigary
", Ci) S 14 10 x Ill, and vani h rlleocsulted in nochral nlldos-

N A 12 x MIt 855 0,970 (1110 4730 5940 perlls. A studyv of the 1:, a;l backcross segrega-
NIA 12 NI It 846 6330 4930 432o 5190 tion pattern confirmed that endosperm lult ntllls.\tA 12 - NI I, 844 681) 5260 415) 5171 of hIl, sugary, and vani arc controlled bywthree 

different reccssivc genes and that the gene-
Contrlol controlling dimpling of, hasmati seed is allelic ho 

CSI1 5 (751 4-180 1 3910 5140 thiat of, valni.
 
SF t760 t721 ±818 
 Soluble sugar compositi(n in the shrivelled 
cV c I I 13 21 endosperm mutants. Wea naly/ed thctotalsol

tible sugars and their composition in the seven 
sorghm Cinnd Ospernm types included in tlie inher-

Table 28. Mean grain yield (kg/ha-') of selected preli- ita nce st udio",. The total sugars were estimated atminary sorghum hybids produced from new ICRi- t\\o stagcs of grain development: 22 davs aherSAT male-sterile lines evaluated' at three locations in [lowering (--I) ) and at phisiological maturitv
India, rainy season 1984. 

(33 to 39 DAF). (ira in sugair content 22 I)A FICRISAIIwas hh,\t- 2 to 3 times higher than ill a111turegrains.Pedigree Cienter Iharwad ,agar \eal) Percentage o ll s g il s in matire graill showed 

296A - SPI. 091R 7581 8120 5391 690 that ithe 1.1.1 and 1.1.2 types. of high lysine 111)A I624- Sl1l. 17R 7480 7980 5311 6920 origin had (lie maximum quantity (2.85 to296A SI. 701t 7660 (9(1 5730 67S 3.41"i) ftodlo\ed by stigarv types (2.47(' ). Ias296A SI'1. 60. 7! 10 8121 .1330 0520 mati and \ani types have intermediate suigar ,cv-SPI. 204A -St1.581. 730 510 1 .m 64 0SI'l. 11(7,,\ St'l. (611 826 669(1 4(8(0 6.1(1 
-ls( 1.8(; ), while the nol111.al Cndospermn type had
 

SI'I. 180A 1 S 28. 73100 6,38( 5030 
 ,24(18 a relatively lower sugar content (1.5"'j). Sugar 
composition (fete rm ined hy thiln-layer chroma-Controls tography at physiological maturity revealed thatSlP 221 7380 654) 5410 0440 sucrose and glucose + fructose are tie majorCS I 9 7470 5590 4450) 584(0 components of grain suga rs. lie I)asnlllti aid 

SE t204 ±484 ±465 vani grain types were characteri/ed by rclatively 
CV(%) 5 13 19 high sucrose and low glucose + fructose [ractions. The sugary and high lysine derivatives

showed rela tively higher glucose + frutctose and
1. I), three replications, plot sizes between 3 and 6 n. ow rectiiely inher g rains.- low sucrose content in their grains. 

http:nol111.al
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Food Quality 

Dehulling quaility. In several countries of 
Africi, aid some parts of India. sorghtm i!. 
deliulled by the traditional method of pounding 
grains in a mortar with a pestle. The dehulled 
endosperm is further pounded to grits an d or 
fine flour depending on the type of lood l'or 
which it is intended. This tedious and time-
consuming procedure is essential before grain 
can be used for food preparatiol. We evaluated 
twelve genotypes of diverse origin, with white 
grains, and a range of endosperm textures using 

Figure 5.Individu.iI sorghlumn grains sho sing i range 
of end osperm muitti ons: it. i'.' 3Sl() s-Y;.normllI vel( 

perm 1).KEl 472, ba-,iaii (st utid), dimpled oppo
site hilun, soft endos)erm; c. NI. ,,ni,dimpled 
op)osite hilum, soft endosperm: d. IS 5614, Sigar.), 
hard, crystalline. %srinkledendosplerm; v,.1.,12, high 
Iisint. shrivelled endosperm. 

a,, nn. Thse12 genotypes were f,,,,the 
International Sorghum F:ood Quality Trials 

1983 (ISI:Q+I83). (ICRISATI Annual Report 
1983, pp. 44-45). Giains (20 g) Were dehulled for 
4 min, and the recovery of dehulled grains 
(retained on 12-mesh sieve) and brokens (passed 
through 12-mesh sieve) were determined by 
mass, and expressed as a percentage. The recov
cry of delitlled grains ranged from 66.6 to90.]% 
(T'able 29). Cultivars F 35-1, SPV1475. and 
S '1-1 265 gave more than 8K'8%recoveries, while 
soft endosperm types like 11721 and FT 187gave 
lower recoveries. 

http:Individu.iI
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"Fable29. Dehiuiing quality of 12 sorghum cultivarsassessed using a T quADDmill, ICRISAT Center. 

Recovery ('/)' 
Cultivar I)chulled grain Brokens Iotal 

ET 187 62.3' 4.3 66.6P 721 65.2 1.6 66.8 
ET 3491 70.0 4.0 74.0 
letron 77.0 1.1 78.1SIPH 225 78.5 2.9 81.4 

Safra 81.9 1.5 83.4
M 35-1 83.3 1.7 85.0
S 29 81.5 3.5 85.0
IS 12611 85.2 1.2 86.4 
SIP11 265 87.7 0.4 88.1 
SPV 475 86.5 1.7 ,8 .2
E 35-1 89.9 0.2 90. I 

SE 12.7 ±).4 ±2.4 
Mean 79.1 2.0 81.1 

1. All Values are means of three dcterninatious, 

Digestibility. We analyzed the protein digestibility of sorghium grains by an in vitro mcthod 
using the enzyme pepsin. The digestibility study
involved incubating who!,-ground flour and 
cooked flour (pressurc cooked at 5 psi for 20 
rain), with the enzie for 3 11at 37'C. 

We tesed the 12 sorghtini cultivars from 

IS FQ 83, for in vit r o protc in d ig estibil ty of 

their uncooked flour: the 
scores ranged 'rom79 
to 84% (Table 30). W hole-ground flour w-as 
cooked in water (1:10 ratio) which resulted in its 
gelatinization. The in vitro protein digestibility 
of cooked flour was lower (range 69 to 77('7) thauncooked flour (range 7 to ,(7). Further studies 
are needed to determine the reason for the 
observed lower digestibility on cooking. 

International Testing 
Our cooperative activities with national pro-
grams involves evaluating international adapta-
tion trials and distributing improvcd breeding
lines. Data from our 1983 International 

Sorghum Variety Adaptation Trials(ISVAT83)
and Intei national Sorghum Hybrid AdaptationTrials (ISHAT83) were received too late to beanalvzed aind reported in our 1983 Annual 
Report. They aic reported below. 

International Sorghum Variety Adaptation 
Trial (ISVAT 83) 

ISVAI 83 consisted of 24 entries incliding a 
local control contributed by the cooperator, and
3 control entries (varieties ICS;V I and ICSV 2,
and hybrid CSH 5). ISVAT 83 wasdistributed to 
over 50 locations in 35 countrics, but incaningftul
data was only reccivcd from 16 locations in 12 
countries. Mean grain vields oft he most promis
ing entries in each countr\va rc presented in Table 
31. Location mean yields ranged from) 884 kg
ha-' in Ghana to 5116 kg ha-' at Golden ValleyRcsearch Station, Zambia. Variety ICSV 120 IN 
produced thle highest mean grain yields (3838 ! g 
11.- ) across locations. Three other varieties, 

Table 30. In vitro protein digestibility (%) of 
uncooked and cooked sorghum flour for 12 cullivars 
assessed using pepsin, ICRISA ' Center.
 

In vitro protein
 
Protein digestibility


Cultivar ii) Uncooked cooked
 
ul a475 9.31 82o ke
 

SP11475 9.3 82 
 69
 
12611 1.8 
 83 70II1 3491 11.5ILti on 12.8 8479 7272 

S"29 12.4 84 72 
1 

SII 187 12.4 79 73 
Si1l 265 10.5 82 74 
1 721 13.3 79 75 

E 35-I 10.8 82 75 
Safra 9.8 84M 35-1 9.7 79 75

77 

SE ±0.1 ±2.6 ±3.2 
Mean 11.2 82 73 

1. 82 
I. All values are means of two determinations 
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Table 31. Mean grain yields (kg ha-') of top-yielding entries in International Sorghum Variety Adaptation Trial' 
(ISVAT 83), 1983. 

Paki- Thai- Philip- Yemen 1:l Sal- Guate- Vene- Argen- lion-

Entry 
India 
(4)1 

stan 
(1) 

la nd 
(1) 

'pines
(1) 

Ghana 
(1) 

Alt 
(1) 

Zambia vador 
(2) (1) 

mala 
(1) 

Zuela 
(1) 

tina 
(1) 

duras Ovcrall 
(1) Mean 

ICSV 120 IN 2500 1480 4330 2570 1230 3400 6920 5(140 3510 5800 4740 4480 3840 
ICSV 151 IN 2730 1921 4590 2880 931 3600 5610 4290 3391 6190 4800 3951 3670 
ICSV 126 IN 2230 1130 6470 4090 450 3470 6360 5251 4120 3551 1250 5491 3550 
ICSV 138 IN 2160 1270 8580 4291 760 3360 5640 3200 2840 5240 4721 2480 3540 
ICSV 148 IN 1780 1770 6070 3210 1180 3660 5500 3740 3310 5721 4590 3710 3470 

ICSV 155 IN 2460 1610 6620 2250 113(1 3660 5361 3871 3570 5410 3670 3750 3420 
ICSV 133 IN 2540 1610 4850 1360 1290 2520 689(0 3741 3390 5110 540 2580 3180 
!CSV 149 IN 2520 16100 3511 1300 1320 3370 5561 4510 3500 5730 890 2790 3110 
ICSV 114 IN 
ICSV 156 IN 

3110 
2281 

950 3740 
1660 3851 

2541 
2281 

1200 
851 

2000 
2601 

4420 
4750 

3631 
3911 

167(0 
2410 

5460 
4711 

4190 
386( 

2470 
3961 

3(170 
3040 

ICSV 157 IN 2030 1250 4990 1871 810 2130 5330 1940 3770 4620 33(10 4420 2990 
ICSV 150 IN 1900 1250 3811 880 831 3830 5390 4340 3181 5460 1491 3381 2930 
ICSV 137 IN 2330 971 3920 2711 430 2670 4640 1750 2,'40 1450 4120 2650 2620 
ICSV 153 IN 1890 2081 4(131 1610 350 3100 3441 1590 2720 2550 3030 1450 2310 
ICSV 146 IN 2581 2470 2260 1070 650 1600 2471 2441 3641 3610 650 890 2240 

Controls 
ICSV 2 2420 1640 7470 2030 871 2731 6195 4910 3231 5471 3370 3760 3601 
ICSV I 2650 1670 4140 3461 970 2630 4220 5220 3960 585(0 4920 3600 3470 
CSIt 5 2250 1211 4640 430 1750 2330 5561 4490 4820 5590 4560 3560 3221 

SE 3 ±133 ±749 ±386 ±119 ±212 ±±424 ±466 ±384 ±427 ±358 

C I (%) 14 29 31 23 13 21 27 15 23 20 

I. RBD, three replications, plot sizes between 8 and 12 in-. 
2. 	Figures in parentheses indicate number of I)cations. 

SE range CV(%) range 

3. India 	 ±170 - 856 5 - 31 
4. Zambia 	 ±261 - 2N0 25 -45 

ICSV 151 IN, ICSV 126 IN, and ICSV 138 IN 	 the most promising entries in each country are 
were among the top yielders at most locations, 	 presented in Table 32. Location mean grain 

yields ranged from 1081 kg ha-' at Islamabad, 
Pakistan, to 6793 kg ha-' in Venezuela. Hybrid 

International Sorghum Hybrid Adaptation 	 ICSH 151 IN produced the highest mean grain 
Trial (ISHAT 83) 	 yields (4193 kg ha-') across all locations. Hybrid 

ICSH 110 IN %%asthe top yielder in El Salvador 
The ISHAT83 consisted of 24 entries including and Honduras, ICSH 145 IN in India, ICSH 133 
a local hybrid control contributed by the cooper- IN in Pakistan, ICSH 142 IN in Philippines,and 
ator and 2 ICRISAT control hybrids, CSH5 ICSII 148 IN in Venezuela. 
and CSH9. ISHAT83 was distributed to over25 
locations in 20 countries of south Asia and Latin Contribution to National Programs 
America, but useful data was received from only 
12 locations in 7 countries. Mean grain yields of In India, ICRISAT-bred variety ICSV I 
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-
Table 32. Mean grain yields (kg ha )of top-yielding hybrids in International Sorghum Hybrid Adaptation Trial'
(ISHAT 83), 1983. 

India Pakist n Thailand Philippines El Sa!,'idor Venezuela Htonduras OverallEntry (5)2 (2) (I) 1I)(1) (1) (1) Mean 
ICSH 151 IN 3650 1910 3070 o360 7610 41906100 5120
ICSH 137 IN 3820 2300 2840 5330 6250 40605800 4000ICSFl 134 IN 3320 1260 3820 58705690 7550 4850 3910ICSH 133 IN 3380 24.80 2840 4620 6040 43707010 3900ICSH 110 IN 3000 1340 3910 75004220 7550 5580 3870 
ICSH 1201 IN 3420 1530 4180 3870 68405580 5460 3840ICSI- 138 IN 2720 1480 3330 6000 6630 7580 5460 3750ICSH 152 IN 3070 1780 2840 6000 5641) 7520 4650 3800ICSH 102 IN 3140 2110 2710 6220 70205420 3940 3770ICSH 145 IN 394) 1040 2980 4490 6380 4670 4520 3730 
ICSI 150I N 2960 1720 1870 5780 6080 7050 5000 3670
ICSII 148 IN 2880 1710 2530 
 3690 6630 7880 5400 3660
ICS 1 l42 IN 
 3160 1060 2600 8000 5610 5250 4730 3640
ICS H 153 IN 31(00 1570 
 2270 5560 6960 6290 4810 3620
 
Controls
 
CSII 9 3460 1420 5200
3330 7100 7120 4330 3930
CSIl 5 2790 
 780 4440 1020 4950 29505880 3653 

SE 
 4-744 ±875 ±600 ±374 ±404 
CV (1b) 42 30 17 10 15 

1.R II),plot sizes froin3.6 to 6 in-. 
2. Figures in parentheses indicate nuinher of locations. 

SE range CV(%) range 

3.India ±170 -856 
 5-31
 
4.Pakistan ±261 - 280 25 -45 

(SPV 351) was formally released by the Central with good results, and released as IC1IA-C25
Subcommittee on Crop Standards, Notification, and ICTA-C21.
and Release of Varieties for cultivation in all ICR ISAT-bred sorghum varieties were tested areas where rainy-season sorglum is grown in various national nmltilocational trials inunder the name of CSV II. Two other many countries in Africa and the Americas.ICRISAT-bred cultivars, ICSV2 (SPV386)and Some of these are S 34 and S 35 in Nigeria andSPH 221, were evaluated in the All India Kharif Cameroon, SEPON 80-1 in the Yemen Arab
Minikit Trials, while ICSV 112 IN (SPV475) Republic, and M 62641 in Haiti. In India, nine was nominated for 1985 Kharif Minikit Trials in varieties and six hybrid,- were evaluated in thefarmers' fields throughout India. SAR I, a AICSI P's rainy and postrainy season trials.Striga asiatica- resistant variety was evaluated We also provided seeds of our improvedin minikit trials on Sfria-inifested farmers' fields breeding materials to our cooperators throughin Maharashtra, Andlira Pradesh, and Karnat- out the SAT in the form of nurseries and inaka states in India. response to seed requests. In 1984, we supplied aIn Guatemala, ICRISAT-bred sorghum va- total of 12800 samples to our cooperators
rieties M90975 and M91057 were evaluated worldwide. 
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International Cooperation ISSN consisted of seven white-grain deriva
tives from crosses involving Framida, a highly 
Striga-resistant, brown-grain sorghum, along 

West Africa with four standard cultivars. Resistance to 
Striga was convincingly demonstrated in this 

Burkina Faso year's checkerboard layout. A few of the deriva
tives, notably ICSVI007HV, 1010 HV, 1006 

Integrated Striga Management HV, and 1005 HV exhibited resistance levels 
comparable to Framida. In addition to resist-

Screening. We conducted thirteen trials to ance to Striga, ICSV 1006 HV (Fig. 6) was also 
screen sorghum cultivars for resistance to Striga comparable to Framida for grain yield, seedling 
hermonthica during 1984 at three locations in establishment (%), and days to flowering (DF). 
Burkina Faso: Farako-BA, Kamboins6, and ICSV 1002 HV, now in pre-extension trials, 
Yako (Table 33). The trials at Kamboinsd and exhibited a moderate level of resistance. 
Yako failed because of the severe drought. How- Extremely high levels of resistance (< 10% of 
ever, the Kamboins6 trials did provide valuable susceptible cultivar CK 60 13)were demonstrated 
information on seedling establishment (see foot- by some locally-grown cultivars such as IS 6961 
note 3, Table 33). One trial each of the Interna- (Sudan), CVS 122 (Burkina Faso), and Segue
tional Sorghum Striga Nursery (ISSN) and of tana 5153 (Mali), 'Seguetana' is the local term 
late-maturing photosensitive cultivars con- used by farmers for Striga-resistant cultivars. 
ducted on farmers' fields in Farako-Bl gave very Seguetana 5153 compared well with Framida for 
useful results. grain yield and seedling establishment. All the 

Table 33. Striga reaction, grain yield (kg ha-'), and days to flowering (DF) of some white-grain sorghum selections 
from Framida crosses evaluated in Striga-sick plot', Farako-B, rainy season 1984. 

Grain yield Establish-
Entry Pedigree Striga2 (kg ha-1) DF ment (%).3 

ICSV 1001 HV Framida 50 (7.1) 2840 71 86 
ICSV I HV E 35-1 329(18.1) 1560 79 45 
ICSV 1012 HV Tetron A 114(10.7) 2240 79 70 
ICSV 1007 HV 148 x Framida 63 (7.9) 1810 60 60 
ICSV 1010 HV (146 x CS 3541)-27 x Framida -7-1 33 (5.7) 1380 79 38 
ICSV 1006 HV (146 x CS 3541)-6 x Framida-3-1 66 (8.1) 2560 70 80 
ICSV 1005 HV (Framida x SPV 105)-2-3-1 86 (9.2) 1780 65 64 
ICSV 1009 HV (Framida x SPV 329)-2-1 110(10.5) 1760 66 7 
ICSV 1008 HV (Framida x SPV 105)-2-2-1 154(12.4) 1850 66 73 
ICSV 1002 HV (Framida x E 35-1)-4-2 173(13.1) 1760 78 39 
Farako-B5 local Gnofing 236(15.3) 1080 90 60 

Control 
CK 60 B (susceptible, 3324 - -

SE ±(!.9) ±303 ±1.4 

CV (%) 32 4 

I. Checkerboard layout, plot size 6m. 
2. Mean number of emerged Striga plants plot-'. Figures in parentheses are square root transformed values. 
3. Number of hills with at least one live plant 2 weeks after sowing as percentage of total hills sown in Kamboins6. 
4. Emerged Striga/6 m-2 averaged over 108 plots in the checkerboard layout. 
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each village. The objectives of this trial were to revealed highly significant differences between 
select cultivars with: high and stable grain yields managerient levels and dates of sowing. See
i.e., those producing more than local cultivars dling emergence was higher under traditional 
under both management levels, good seedling management in Koho and Sayero because in the 
emergence especially under traditional manage- plowed plots the soil dried after sowing during 
".ent; flowering stability i.e., the type of manage- the drought. Seedling emergence after the first 
ment should not unreasonably delay flowering sowing date was adversely affected at Koho and 
in test cultivars compared to local ones. The trial Kolbila because of poor rains after sowing, but 
was also designed to select photosensitive cultiv- at Sayero, good rains followed the first sowing 
ars. This we determined by recording the date and resulted in higher emergence. Cultivar 
number of days to floweringafter the two sowing differences in emergence were significant in 
dates. Sayero and Kolbila. The informatien on days to 

During 1984 the trials in all the four villages flowering from Koho indicate that all the cultiv
suffered severe drought. The tral in Ouonon ars except ICSV 1014 IIV and ICSV 1016 IIV 
village failed to prod Lice grain. The data o i gra in are completely, or partially photosensitive. 
yield and seedling emergence from the other These cultivars flowered earlier after tile 2nd 
three villages are presented in Table 34, together sowing date, as (lid the local cultivar. 
with days to flowering from Koho village. In all The highest overall grain yields were produced 

- a n d three villages analysis of grain yield data by ICSV 1014 HV (703 kg ha )a ICS V 1002 

'[able 34. Grain yield (kg ha"), seedling emergence (/o) ind days to flowering () F)of nine sorghum cultivars, and 
the effects of management systems' and sowing date ()S Iand )S 2)in three villages of Burkina Faso, rainy season 
1984. 

Koho Sayero Kalbila Overall Ileani 

Grain Seedling iF Seedling i rain Seedling Grain SeedlingI Grai in 
yield emergence - yield emergence yield emergence yield emergence 

'reatments (kg ha-') ( D)S I DS2 (kg ha-') ( ) (kg la-1) (Ij) (kg ha 1) ( ) 

Management system 
Improved 1680 71 88 77 290 65 400 70 789 69 
Traditiona' 730 75 98 86 70 80 30 60 279 12 

Sowing dates 
DS 1 1290 60 - - 290 75 280 60 619 65 
DS 2 1120 65 - - 70 70 160 70 449 75 

Cultivars 
ICSV 1011 HV 1410 57 94 84 150 48 140 38 590 48 
ICSV 1010 HV 950 55 103 88 30 50 180 48 386 51 
ICSV 1015 HV 1000 70 98 83 210 67 190 61 466 66 
ICSV 1006 HV 1080 86 95 78 260 92 290 87 543 88 
ICSV 1002 HV 1570 84 90 78 190 80 210 64 656 76 
ICSV 1014 lIV 1600 76 80 77 220 79 290 72 703 79 
ICSV 1012 HV2 - - - - 340 88 280 70 310 79 
ICSV 1016 HV 1120 63 91 86 40 54 140 52 435 56 
Local 930 86 97 82 loo 93 170 88 420 89 

SE ±60 ±8.6 ±41 ±9 ±21 ±6.3
 

I.Plot size8m 2.
 
2. Because of planting error this cultivar was eliminated from the analysis of data from Koho village. 
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HV (656 !cg ha-I); these were followed by ICSV 
-
1011 HV (590 kg ha )and IC('S V 1006 HV (543 

kg ha- ). Seedling emergence is a very important 
factor in \Vest African conditions, aid in our 
trials ICSV 1006 I1V, with 881 emergence was 
almost the same as the local varieties (89(7). 
Other varieties with tie benelficial trait were 
ICSV 1012 IV, 1002 IIV, and 1014 HV.ICSV 
1006 IlkV is also more photosensitive than the 
local variety followed by ICSV 1010 1 01V5 
IIV, and 1002 IIV. Traditional mallagemrent 
onilydelayed lhweri ng bv 4 days in ICSV 1011 
[I V, and by 6 dlays in I(.SV 1(102 Ilk and the 
local arety when compared to flowering under 
improved inllnagetrctnt conditions, 

On-farm testing. Two sorghum varieties ICSV 
1001 IHV' and IC'SV 1002 IV (Fig. 7) coltinued 
to be tested by various rescarch and pre-

V
 

extension agencies in Burkina [aso, Cameroon, 
Mali, Niger, and Togo. Both varieties are bei g 
multiplied in Burkina iaso. ICSV 1001 ItV was 
also inunitiplied in I I ha duringlogo on 1984. 

ICSV 1002 IV continued to dlemonst ra te its 
yield stability despite the dro1ght in Ilrkina 
Faso. In a pre-extension trial at the Fa rako-1-i
 
resea:ch station it produced 3600 kg hat Icom
pared 
to 1600 kg ha- for the local culti\ar in a
 
trial comparing animal and 
 anual cltivatic5ns 
Under the latter sYstem it also out yielded the 
local cltivar by 2500 kg ha-I compared to 1360 
kg ha'. In this trial ICSV 1002 IlV flowvcred L) 
days earlier than the local ciltivalr and resisted 
grain weathering. ICVo)1002 I1V alsodid \\ell in1 
the eastern Organism Regional ieIl)Clpmcnt
(OR)) 'hen tested by national pic-extensionl 
agencies in farmers' fields. On average it pro
duced 930 kg ha - coipared to 330 kg ia-fo 

4.. 

Figure 7. Farmers inspecting sorghum variety ICSV 1002 [IV on a Farmers' Dayat Kaimboinse, inMay. Thisvariety in a pre-e\tension trial at Farako Bii yielded twice as mur ias the local Control. rainy season 1984. 
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the local cultivar. Farmers like this cultivar ays to max. emergence of.------- Sir ,I
because not only does it have stable yields but -Days to first omergnce 

..........................................-
Days to flowering

also grain and fodder qualities suitabie for their 1-0_ Mo. 5tr I go emerged
 

conditions. The eastern ORD has plans to mul- 1,o. 

tiply the seed during the 1985 rainy season. - / 
Temperature Effects on Striga Emergence L11,0. 

tJn 100. 

In our 1982/83 pot experiments we observed , go
that sorghum planted in November was not 5 80
attacked by Striga heirmonthicaeven though it C ..* 
had flowered and Matured. When the sorghum 0 G0-

was ratooned there was heavy emergence of Ln 

S;;i a in April/ May. We felt that temperature 
(low in Dec-Jan, and high in March-May) may 
therefore be an important factor in Siriga emer- .......... ................
........... 
gence. Subsequently, we designed a pot experi- 20

ment with monthly plantings round the year to - " -----
determine: the seasonal Striga emergence patt- -'0_..........._"_......._"" 

ern; effect of temperature and cultivar differen- A H J J P 5 0 N 0 J F H P 
ces oil seasonal emergence pattern, and from this Months 
the best date to sow sorghum to coincide with the Figure 8. Energence and flowering behavior of Striga 
highest emergence of Striga, thus allowing relia- hermonthica, Burkina Faso, 1984. 
ble screening. 

The results for days to first emergence, days to 
maximum emergence, days to flowering, and 
maximum number of emerged Striga in relation research results have indicated that many elite 
to sowing date, are shown in Figure 8. Our introductions have bet:er yield potential but 
experiment showed that the first emergence of they lack the robust seedling traits, drought tol-
Striga above the soil surface was significantly erance, and grain quality of local varieties. Local 
delayed by sowing in December and January, varieties, in turn, have relatively poor yields 
when air and soil temperatures were at their under improved management practices. While it 
lowest. It also took the most days for maximum is relatively easy to develop new genotypes, their 
Striga emergence in the winter-sown crop. The evaluation under rainfed conditions has been 
highest and fastest Striga emergence occurred in difficult because of the unpredictability of the 
the summer-sown crop (April and May). The climate, and the associated effects of pest and 
above-ground Siriga emergence corresponded disease incidence. The rainfall at Kamboins6 was 
to a minimum air temperature of approximately precarious in 1984 and no useful results could be 
22'C, irrespective of sowing date. obtained from our experiments. The drought 

was not so severe at other locations but occurred 
Breeding in varying intensities throughout the region. 

The sorghum breeding program located at Kam- Elite progeny evaluation. We evaluated eight 
boinse Research Station is an integral compo- long-duration elite F7 selections from our pedi
nent of ICRISAT's regional sorghum network in gree breeding program, using a local variety as 
West Africa, and is oriented to develop and iden- control in replicated experiments at seven loca
tify elite genotypes for the national program, tions. We obtained useful data from four loca
and similar ecological zones of West Africa. Past tions. Pertinent results for the four most 
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promising entries are presented in Table 35. At For these two maturity durations, ICSV 1002one location (Koho) the trial wasalsoconducted HV, 16 IV, 14 11IV, 15 11V, 7 1IV, 8 H1V, and 6in two replications, with and without soil man- HV showed promise. ICSV 1002 [IV, originatagement and fertili/er inputs. ICSV 22 IIV had ing fIrom the Striga-re,istancc breeding project,12%and ICSV23 IIV 14"i .ield advantages oer had the highest average yield. All these entriesthe local \'artety bill ICS\ 19 IIV and ICSV 24 will be further tested during 1985.
I-I V were only marginally better.

We tested a similar number of elite lines Backeross progenies. We visuially selected 316derived Iron F', and F, generations in replicated palnicles from tle F4 generation of 350 backcrossexperiments at seven locations. Data from four farmilies fromiF BCF,F4 generation. Seed fromlc cations of' our medium-duration trial and frmi these panicles was sown in the off-season nurserytwo locations for the short-duration inal were tinder irrigation. lhc harvested F, 1C, F,generuseful, and the characteristics of the most prom- ation progenies \\ill be e\aluatedl ill a prelimiising entries are presented in [Iables 36 and 37. nary yield trial durin the 1985 rainy season. 

lable 35. 
 Grain yield (kg ha"1) plant height (cm), (lays to flowering (!)|'), and seedling vigor(S\')of afew selected
long-duration sorglhum cultivars, four Iocations, Bturkin a Faso, rainy season 1984. 

(irair )ield (kg lia 1) Plant 

Cultivau 
ICSV 22 IIV 
ICSV 23 11\ 
ICSV 19 IIV 
ICSV 24 1IV 

Pedigree 
926 - 1089 
CSV 4 , Sor.tII 
NES 1077 , 1009 
('SV 4 S"or.B 

SA I 

2480 
2000 
21600 
780 

t
-13' 

2760 
2180 
1550 
2800 

KII I 

1810 
1380 
1490 
1500 

dheight
('131 

2280 
2320 
2041) 
2481 

N\lean 

2330 
1970 
90( 

1901) 

(cm) 

205 
240 
225 
215 

I)1 

75 
85 
85 
85 

SV 

2.1 
1.9 
1.5 
2.3 

Control 
Local variety 1030 2110 1390 1700 1571 395 95 2.4 
SE ±723 ±493 ±282 ±294 
CV (10 44 25 20 13 

1. SA = Saria, FIt Fariko-BIl, KII = Koho. Cl( z Contubucl. 'tot size 8 m2. 

Table 36. (;rain yield (kg ha-'), plarnt ligit(ciii), days to flowerinh 'i)F), arnd seedling vigor (SV) of some selectedmedium-duration sorghum cultivars, four locations, Burkina Faso, rainy :ieason 1984. 

(irain yield (kg hia) Plant 
Cultivar Pedigree heightKB SA' KII' [B' Mean (cmn) I)F SV 
ICSV 1002 IIV E 5-1 IS 8785 700 2690 2690 2560 21411 170ICSV 16 lV E 35-1 950 75 2.2

941) 2780 1810 2690 2050 235 70ICSV 15 IIV E 35-1 950 780 
1.3

3100 1600 2150 1910 230 70 1.7ICSV 14 IIV 926 , 1089 510 2711) 1770 2130 1780 180 
Control 

75 2.1 

Local Variety 500 1540 1690 1850 1400 355 80 2.2 
SE ±268 ±754 ±380 ±724 ±15 ±2 ±0.7 
CV(%) 40 31 21 32 

1. KII= Kamboins6, SA= Saria, KH = Koho,F1: Iarako-BI. Plot size 8m-. 
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-
'rable 37. Grain yield (kg ha Fndi)plant height (cm), days to flowering (1)F). seedling vigor (SV) ofsome selected 
short-duration sorghum cultivars, two locations, Burkina Faso, rainy season 1984. 

Cultivar Pedigree 

ICSV 7 IIV E 35-I , Yibdivol 
ICSV 8 IIV E 35-1 x Yibdivol 
ICSV 6 IIV S 13 x VS 7(12 
Control
 

Local variety 2050 

SE 

CV (%) 

1.SA = Saria, KBI Kolbila. Plot sie 8 m-. 

Screening source material. Screening for sour-
ces of resistance to shoot 1li(.t/wrigo/la soc-
cart), stalk borer (( hil, piarchllis), and midge 
(Conlariias'orghico,/a) continued tinder natural 
infestation in cooperation with the national 
research program entomologist at Farako-Ilfi. 

We confirmlted the resistance o1, somhe entries 
identified as resistant ( 2('( deadlcharts) to 
shoot Hlli 1983,during 1984. 1hcare: IS 5470. 
IS 5566, PS 18601-3. P'S 18822-4. IS 19794,aid 
PS 21318. 

The entries that exhibited 10ei or less stalk 
borer attack are IS 2195, IS 2309, IS 5585, IS 
8320, IS 13100, IS 18551, and I'S 14413. All the 
promising entries in these three nurseries will be 
retested in1985. 

Mali 

During 1984 we made substanit ial advanrces '11 
deelopirig breedinrig Iinties ari refiinig selection 
criteria for soighuris adapted to West Af'rican 
conditions. Our bilateral program continued to 
work closely with the Agronomiic Research Set- 
vice in Mali. 

Seedling Drought Resistance 

In March-April 1984 at Cinzana Research Sta-
tion we compared the seedling performance of' 

lantrain yield (kg ha ') 

SA1 KII Me an (cm) 1)1' SV 

2541 960 1750 170 65 1.) 
27010 650 167(0 175 70 1.4 
2420 761 1590 175 7(1 1.3 

666 1361 195 85 2.2 

±414 -199
 

18 28 

various Varieties Under the prevailing drought 
conditions using line-source gradient sprinkler 
irrigation, and in high-teruperatuire drought pits. 

We grew 16 varieties of sorghimi in replicated 
rows in both the line-source irrigated field and ill 
siall hatrd-watered pits lined \with concrcte, 
filled with soil, and coercd with chlrcoal dist. 
l)av temperatures at 1400 hotmrs at I-cm depth 
ranged froh 41 to 54'C in the field and from 39 
to 61>C illthe drought pits. 

Field energence aid survixal atker 37 days in 
the low-water application treatment (2.16 mlr 
daw-I) was correlated with emergence and stirvi
val after II days in the drought pits (Table 38). 

[he restlts oifthis study give utsconfidence to 
adapt the drought-pit method for evaluating see
dling temperatttrc :,'d dtronight ,'sistance. Not 
only were the drought-pit results well correlated 

Fable 38. Correlations between sorghum seedling 

responses indrought lits and in the low-water appli
cation treatment of field line-source irrigalion, Cinza
na, Mali, t March - 1 April 1984. 

Field 

Pits Etnergence (+) Survival ( .) 

(.81 0.74**
 
Emergence vigor 0.70** 0.66**
 
Survival ', (1.87"* t.82**
 
Survival vigor 0.75*" (1.71**
 

Emergence 0 ** 
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with the field results, but the known control 
varieties performed according to our field obser-
vations. CSM 205 and CSM 82 S 50 performed
better than CE 90 and E 35-1. 

Head Bug Resistance 

In previous years we found that open panicled
sorghuns are less susceptible to head bug 
(Eur.strhs sp) attack than compact panicled
sorghuns (Fig. 9). We also observed that the 
presence of long, cornaceous gl umes seems to 
significantly reduce head bug attack. In collabo-
ration with the Malian tmnology Program we 

designed and conducted a factorial experiment 
to determine the effect of panicle shape and rela
tive glume length on head bug attack. Open,
semi-open, and compact panicled selectins 
were chosen in combination with short, medium,
and long glumes. The nine treatments were sown 
at Sotuba. EurI si.rhlS sp adults arid Ialrvac werecounted at the dough stage and grain maturity 
on five panic!cs for each treatment in fo,'r 
replications. 

Our results indicate the clear influence of 
glurme length on head bug infestation in the pa ni

c (Fig. 10). According to preliminary observa
tions this year, head bug females only laid eggs 

11
4 

Figure 9.[lead bug (Euryst,hs sp) nymphs developing within the panicle canopy ofasusceptible sorghum cultivar(left). Panicle canopy (right) is free from insects although the cultivar developed under the same environmental 
conditions. 
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__No. iarvae/S paniclos
 
ISO- at grain maturity
 

No. adults/S panicles
 

at grain maturity
 
a .............. 


U 


S-.-.-.-. No. adultr/S panicles
 
nat duugh stage
 

In
 

Q 

Lu 

-o
-0

z 

Short Medium Long
 

Relative glume length
 

of glutne length on nunhers ofFigure 10. Effect 
Eurystylis species infesting sorghum panicles at 
dough stage and grain maturity, Mali, 1984. 

into the endosperm at the stylar tips of grains 
exposed between the glumes. The young grow
ing grains are exposed early (4-5 days after 
anthesis) in florets with short glumes and are Three and oguns c 
exposed later (6-12 days after anthesis) in florets 
with long glumes. Thus, long glumes delay the 
exposure of young grains to egg laying. Since the glumes open about 1200 so that the grain can be 
long-glumed sorghums had relatively few larvae easily threshed. We have recovered large 
panicle-i at grain maturity, they allowed fewer numbers of progeny with that trait, and are now 
head bugs to build up populations than those incorporating these into our crosses. 
with shorter glumes. 

Local Guineense sorghums which have long Decortication 
glumes and open panicles do not suffer from 
head bug attacks. By incorporating longer We selected the top-performing sorghums from 
glumes into our new sorghum varieties, we hope the 1984 Sotuba preliminary yield trials and 
to reduce head bug infestations, compared their decortication performance with 

However, the selection of long glumes pres- that of two local varieties, CSM 388 and Sira
ents problems with grain threshing. In long- x korola local, grown under identical conditions. 
short-glume crosses, most of the progeny have We decorticated 2-kg grain lots by pounding 
adhering glumes that are difficult to thresh. them using a traditional pestle and mortar. We 
Local Guineense sorghums possess the'involute' determined recovery rates and estimated bran 
charactcr which means that at plant maturity the adhesion scores by staining with May-Grunwald 
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reagent. The results appear in Table 39. 
The recovery rate of 70% (30% bran loss) is

typical of local sorghums. The comparable per-
fornmance of' Malisor 84-7 (83 F, 225) is rare for an improved variety. The association of high 
reco very with vitreosity suggests that percentagevitreosity' could be used as a selection criterion 
for high recovery. 

Td Quality 

We conducted keeping-qua lity tests using smallgrain samples taken from multilocational yield 
trials at harvest. The grain samples were decorti-
cared for 5 min in a TAi )D and then ground in a
coffee mill before being made into small 15
samples. 

At Cinzana the drought was severc dtring
grain fill, while Sikasso had itimid conditions 
that fav'ored mold growth during grain fill. Ilet1 made from grain harvested in these adverse 
environments was generally less stable than from 

Table 39. Recovery rates (17o)vitreosity, and bran 
adhesion scores of decorticated grain from Solubayield trials, Mali, 1984. 

Vitrco- Recovery Bran 
sit ,) ra te2 adhesion
Entry score' (%) score.1 


Malisor 84-7 
 2.13 69.5 3.98
83 F4 24 
 3.36 58.8 4.08
82 S 50 3.53 52.5 4.84A 13120 3.82 61.6 5.25
E 35-1 
 3.38 65.0) 4.96 
Controls 
CSM 388 2.32 71.8 3.36Sirakorola local 1.77 69.6 3.06 

SE 
 ±1.42 ±0.41 

CV (.: 
 3.8 17 

1. Vircosiiy scored on a I-5 scale, where I most viitreots,and 5 =most floury. Scores are means o 1I00 cut glains. 

2. Recovery rate: the percentage of dried decorlicated product in the total undecorticated gram.
3. llran adhesion: the mean (f 110 stained dccortictcd

grains per replication scored hor adhering bran on thedorsal and ventral surfaces. Low scores indicale more 
conplete bran renoval. 

Table 40. Mini-test results for tI -keeping quality of
grain samples from 1984 Soluba yield trial decorti
cated in (fe TADD for 2.5 and 5 rin. 

2.5-, 5-min 
d.corication decortication 

ti 
83 1 24 1.83 1.16
83 F, 26 3.33 1.0
83 F4 88 2.83 1.33
83 F 4 94 2.5 1.083 F4 248 1.83 1.583 F, 292 1.583 [-.4474 1.04.0 1.1683 1, 93 1.0 1.0 

83 ',,222 2.33 1.16
Malisor 84-7 1.0 1.16 
Sli 722/ 67 1.33 1.33 
S 6 3.67 1.0
S 7 4.0 1.5
A 13120 2.5 1.16 
82 S 50 1.66 1.5
E 35-1 4.0 1.33 

SE ±0.38 

CV (N) 36 
I. FI/\)) = angntial AbrasiveIDhiulling Device. 

grain harvested in more favorable conditions. 
Nevertheless, the t6 "rom 83 F6 222 and Malisor
84-7 was stable from all environments. Grainfrom most of the Sotuba-lrrvcstcd varieties pro
dutce ir6 with good stability. We know from pastexperience that some of these varieties have poor
keeping quality unless the bran is removed coinpletcel by extending the duration of' decortica
tion. We compared tile mini-test results from 
Sottiba grain decorticated for 2.5 a nd 5 rain. The

results are shown in 
 Fable 40.


Reducing dlcortication 
 time resulted in a
 
marked separation of varieties 
 for their /,3
keeping qtiality. The treatment, and treatment x
variety interactions were highly signiificalit.The results from the 2.5-nin decortication oil
lhe Sotlba grani samples were similar to those
 

i'roan the 5-mini decortication on grt in hatrvestedin stressed ervirorir-len tS. Ir 1985. \ve \,ill try toconfirm those results, and will probably adopttile 2 .5-mintte decortication time for preparing 
our small routine samples of t6. 
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The excellent t6 stability of grain from the . :-+ a! 
Malisor 84-7 selection was an encouraging result 
of the 1984 mi ni-tol testing program. lBecause of' 
its conrfired grain Llality and vrv good ilt-,
 
nomic perfortmance (Fig. il), we used klalisor' A
 
84-7 mxiensi'eh' in onr subseqneCnt crossing
 
program. 4
 

Population Breeding 

We have sc\cral popnlations segregating folr
 
genetic nale sterility (M.A,) thait arC jin1po'0ved
 
from \ear to car h Iull-sih interinating, ic- 4
 

comnbination ol F, hulk sClections, and directed
 
crosses to ilipro \c spccilic traits.
 

()tnr basic brecdiilg population \as started inl 
1978 and has becn improved ty rccurrcnt sclcc
tion in alternate generation,. Since 1981 vc ha\c 
made plant sClCctionIS thin the breeding popt
lation. We now ha\c ,c\c ral cX.pcrimcntail \i lric
ties deri\ed from that potiluition. Inl 1983. \sc VI 
noticed that there \its an iiaccCptahl\ hih tic
qtiency of plants \ ith soft Seed in the base popt
lation. So.e( decielCd to make an extensiel 
recominia tiolol f \itrecoIIs-scdCed prI'OLCtilV We 
identificd t\%o prtnising F., population l) )Lo]it

ics 83 F, 474 and 83 (l)-Sel I \kith acccptaihl
 
\'itircons secd. hoth progenrics \\ctic I II.
ser,cra tine 'igtm, .. recent storghum Ibreeding line Malisor 
for genetic malle Sterility. We also identified 1i10 84-7 (83 F, 225) lhat .ht%),ed grain mol resistance, 
vitreous F to F,, progelics front our hicedine grain h:,rdne,%. anid good grain .ields in 1984 trials. 
program. All the progen had ,ccd ,i/c gicater ier%h(re 
than 2 0 g I(Olced. i the I )83 \\ intet ,cilsol \\c cIii( ). refuge for head hugs, Mali. 1984. 
mate a large ititiher of lull-sib crosses between 
the I 10 selection,, and the mwo F, sclections. Bulk 
1:ts were har\cstcd scpara tcl to1- the 83 

lhe % i I)richt's great %reduce paniclt, 

., 474 with grain having a \itrcositytscorc less than 2.5.and 83 (il)-Scl I parental crosses. I he F, gcommon in local arieties. ()nr original base 
tion orl atla"ottba in 1984 along \\ ith the population had only 71; imdixidnals with grain
full-sib F, hulk cross froth the 1983 base popula- vitrcosity' 2.5 \whcreas the 83 F 474 populatitl 
tion. WC C\'alnte;+tCd \it Ceoity of 100 panicles had 31"(, and tie 83 (ii)-.el I poptnlation had 
from each of the three F, bulk po)10lations by 41'. We expect to ohtain large nnmbers of use
taking the mean 'itricositv rating of fi\c grains fll selections !Iroll thosc ill.pr o\cd poplulations.
from each panicle. thc distrihntion of grain Althotlig it is often diffictlt to obtain good 
vitreosity frelencies for each population is \itrcous purogel froitm itreons llol-\itrcols 
shown in Figure 12. crosses, wC hax\c rapidly obtained a di r\csc-

As illustratcd in Figure I2. thercasadcfinite based xitreonts population hv making large 
shift in the improved populations toward lllrC nltumhers of \it coils itreonls crosses. We hope 
vitreous grain. For acceptable decortication. to to similarlh Cxpnd and di\ersil\ our breeding 
qtuality, and storigC life, \wc aim to select plants base for the in\oltte gluime character. 
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E3 83 GD 5el 1 populotion progeny
 
- 83 F4 474 population progeny
35 -

Base populotion
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0 
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0 1 
0 1-1.4 1.5-1.9 2.0-2.4 2.5-2.9 3.0-3.4 35S3.8 4.0-4. 4 4.5-5 

4- Vitreous Floury 

Grain vitreosIty

Figure 12. Frequency distributions for grain vitreosity of three sorghunl populations, Mali, 1981. 

Yield EvAluation of Selected Progeny pact heads with short glumes and are very sus
ceptible to head bugs. However all three varietiesWe conducted multilocational trials (at short- will continue to be used and tested in Mali.and medium-season sites), composed of the The experimental variety 83 F4 26 gave high
promising progenyand known control varieties, yields at Kita and Sotuba, and is now being
to investigate the relative grain yield potential of sterilized as a potential female parent for future
 

our breeding materials. 
 Malian hybrids.
At three short-season, very dry lccations, we The vitreous grain variety, Malisor 84-7 also
obtained variable yet interesting preliminary 
 gave good yields at Sotuba and Kita. 83 F+,26,83performances from three selections---83 F4 183, F, 93, and Malisor 84-7 will be retained for83 F4 352, and 83 F,173. The selection 83 F,173 future testing and selection.

also yielded very well compared to CE 90 in an The stable yield levels and grain quality ofagronomy trial at Bema. 83 F4 183 is very early- Malisor 84-7 in the agronomy trials are impresmaturing and has shown promise even on millet sive. In 1985 we will verify its performance forsoils at Koporo-Keniepe. All three selections will yeld and uality compared to 82 S 50, E 35-1,be further tested. and a local control variety.
At three medium-season locations, we 

obtained very good yield levels, up to 3000 kg Cameroon 
ha-' (Table 41). Three controls A 13120, E 35-1, Multilocational Testing
and 82 S 50 gave the highest yields but, all three
have serious disadvantages under Malian condi- In cooperation with the Semi-Arid Food Graintions: A13120 is viy susceptible to grain mold Research and Development (SAFGRAD)/and charcoal rot; E 35-1 and 82 S 50 have com- ICRISAT Program based at Samaru, Nigeria, 
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Table 41. Grain yields (kg ha- 1) of early- and SAFGRAD conducted on-farm testing and in
medium-maturing sorghums planted ate at three 1984 correlated data from 88 of their 93 sites. 
medium-season sites, Mali 1984. S35 yielded 85% more than local and exotic 

. (1nting1date control varieties, an avetage of 1330 kg ha-1 ,
Mean compi,'ed to 720 kg ha-I by the local variety.

Mean 201 Jul 29 Jun 4 Jul grain S 34 has not been tested by SAFGRAI) at 
days to Kati- yield

Entry flower Kita hougno Sutha (k h ) high elevations, bill in IITA tests at three loca
tions it yielded alimos 70,'i more grain than the83 F 4 24 66 2500 1560 2630 2230 local control variety.

83 F4 26 70 3280 152(0 2950 2580 Based on 3 wears' data from multilocational 
83 F4 88 69 2990 2010 1710 2241) trials, agronomic data, and 2 years' of on-farm83 1F4 94 69 2670 1361) 1241) 1760 -83 F4 248 72 2550 1680 1850 2030 testing, the Government of Cameroon has83 F4 292 72 1770 1520 1580 1620 cquested 300 kg83 seed of each of these high1-4 474 73 3140 157 7810 23120 uality. white-grain varieties that are resistant to 
83 F, 93 68 2920 2200 1870 2330 inost foliage diseases and tolerant to stem borer. 
83 1._6 222 71 2900 1660 2000 2190 
Malisor84 7 74 2810 1410 2580 2271) 
S 6 14 3490 1800 2270 2520 Southern Africa 
S 7 82 2590 1710 2010 2100 
SI1722 67 79 2220 1610 2330 2050 The initial objective oft he regional sorghum and 
A 13120 76 2860 2140 3170 2730 mi llets improvement program, based in Zim-
Controls bah\e, is to cxpaid the genetic divcrsit\ of these 

E=35-1 80 3150 2370 2670 2730 crops in the SAI)('(C region that includes ni ie 
82 S 50 80 2880 1940 3230 2690 countries. In anticipation of the programs, 

SE ±389 :t252 ±203 establishment in 1983. we contacted breeders 
Cv (%) 22 32 26 around the \world. With their cooperation, we 

assembled sonic 55)10 entries, prima rily of breed-
Rainfall ing stocks but also includ ing accessions from the 
(tnam) 800 596 878 \world collection, particularly from southern 

Africa, and Nigeria. We also acqired iZeralera 
Sorgliins froil rlthiopia anld ,udan.

the Internation:, Institute of Tropical Agricul- We dispatched seed to Iotswana, Zambia, 
ture (IITA) sorghun breeder in Cameroon has an(] Zim hab\\c. lhese \\crc subdivided into six 
been testing ICRISAT material. Sorgh u in is tihe sets in Botswana and Zalimbia, and in October 
main cereal crop in northbern Camnieroon and in antid No\enher 1983, iuorscries werc senit to Bots
1983 S34 and S 35 were grown at 13 locations in wam . Niala\i. Zaimbia, and Zimtbabhwe for cva
differct ecological /ones together with a local lati li 'vnational research programs.
control variety, and I 35- 1 ard F 38-3 as exotic The nurseries were grown at the Sebele Sta
controls. S 35 did well at 10 locations with low tion near (iaborone. Botswana, NIakha nga Sta
rainfall (300-800 mm ai-'). as did S 34 at three tion in the Shire Valley, Nialawi: Mount Mukulh 
locations with higher rainfall ( 1000-1 500 nm .i-1 and (olidein Valcy stations near ILusaka, Zau
1983 was i dricr-tIlan-nornal \,car but in 1984 bia; and Matopos Station near Bulawavo, Zlm
there was more severe droughl. In a multiloca- babwe. During the year, an A-B nursery of about 
tional early-season trial, S 35 ranked first over 150 pairs has ben sown at Matopos to evaluate 
seven locations, and S34 ranked first it four and increase seed of the female parents of 
locations in a i ultilocational mediun-season hybrids. 
trial. Both S 35 and S 34 yieh,ed 3000-4000 kg The crops at Sebele and Matopos suffered 
ha-I in agrotomic testing. from severe drought stress while those at Mak



64 Sorghum 

hanga grew in wet humid conditions, however, 
the crops at Mount Mukulu and Golden Valley 
stations grew in almost ideal conditions. 

We compiled and evaluated results from these 
nurseries, and selected entries from them for a 
crossing block that was sown on the Mzarabani 
Estate of the Agricultural and Rural Develop-
ment Authority(ARDA). This is a low-elevation 
estate in the northern part of Zimbabwe where 
winter temperatures remain warm enough for 
good plant growth. 

One hundred and seventy-five entries selected 
for a range in grain color, and maintainer and 
restorer reaction on cytoplasmic male steriles, 
were sown on 10 April 1984. Two thousand 
heads were emasculated, from which we 
obtained F, seed from about 700 crosses. Thi F, 
seed harvested on 31 July was sown on I August 

in a 2nd off-season nursery at Mzarabani. 
We sowed crossing blocks to test-cross A and 

R lines but because of a severe water shortage for 
20 days at the time of floral initiation tile crops 
faiied, so they were ratooned and we will repeat 
our attempt to make crosses. 

Entries in the 13-line Observation Nursery 
came from contributions, ,the sorghum intro
duction nursery grown in the 1983/84 season, 
with additional entries from the sorghum 
improvement program in Zambia. 

Seed of selected entries from the introduction 
nursery were increased in support of a regional 
sorghum nursery for the 1984,/85 main season. 
This regional nursery now has 385 entries prim
arily based on results of the iW!roduction 
nursery. Twenty entric; were provided by the 
Zambia national program. 

FI
 

SAPCC/ICRISAT Sorghum and Millet Improvement Program staff sowing F, sorghum seed at the Mzarabani 
Estate of the Agricultural and Rural Development Authority (AR DA), Zimbabwe. This seed from 700 crosses was 
harvested the previous day. 
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almost 4000 kg ha- 1 for the three entries from Intermediate Elevation Trials. At ' ltumani, 
YAR were reported from Mukairas, PDRY. At Kenya, SVR 8 and ESIP 12 had th.. best agro-
Ibb, YAR, the same three entries, Kadasi, nomic desirability scores and highest grain yields
Hamra Hujariya, and AI-Ganad, gave the high- (Table 43). ESIP 12 has been selected for future 
est grain yields, about 3500 kg lia - each. Al- trials. Bakomash 80 and SVR 157 were the 
Ganad was the overall highest yieldt'c across all highest-yielding entries at Ibb, (YAR), although
locations. When assessed for agro iomic desira- the brown grain of the latter was not acceptable 
bility at Katunani, Kenya, Ai-Ganad and to the Yemeni sorghum consumers. Bakomash 
Hanra Hujariya were the best entries. However, 80 has been advanced lor further testing in the 
at Lanet, Kenya, these Yemteni cntries were YAR. The highest-yielding entries at Harare 
scored as agronomically undesirable compared were Bakomash 80 and ESIP 12. with about 
to the local control. Ai exclusiveand prominent 10000 kg ha- ' compared to 7000 kg ha-' for the 
feature of the Yemeni entries was their extra- local control variety, Chisunbanje.
 
large seed size. The high-altitttdc Rwanda sorgh
urns with dark 
 brown seed were found Low Elevation Trials. The overall mean grain
undesirable utnder high altitude situations in yield for the six stations in five countries that 
YAR and PI)RY, and they (lid not appear well- returned data was about 2000 kg ha-I (Table44).
adapted to the Yemeni sorghum environment. Seven varieties produced approximately 3000 kg 

Table 42. Grain yield (kg ha-') and agronornic desirability (AD) score of the high Elevation Set of the Eastern 
Africa Co-operative Sorghum Regional Trials (EACSRT), 1983. 

Seed Katuinani, Katumani, Kakanega, Lanet, lbb, Mukairas,
Identification source Kenya Kenya A!)' Kenya Kenya AL)' YAR PDRY
 
Kadasi YAR 840 2.8 
 -_ 5.0 3640 3970
 
Hamra flujariya YAR 1670 2.5  5.0) 3390 3730 
AI-Ganad YAR 2007 2.5 - 5.0 3990 4500 
SVR 157 Burundi 1657 3.3 2510 4.0 2840 1930 
EfS 2752 Ethiopia - 4.5  5.0 3590 2930 
Alemaya 70 Ethiopia - 4.8 - 5.0 3130 2960 
BM 10 Rwanda 1867 3.3 2480 4.0 890 1840 
BM 27 Rwanda 2!'5 3.3 2980 
 3.7 1730 1810
 
E 1291 Kenya 1932 3.3 3200 2.7 
 1960 2040
 
BJ 2B , BGI9 Kenya 939 3.8 - 2.0 770 2340 

Local control Local - - 2320 2.0 2990 2020 

SE ±369 ±236 ±386 ±99
 
Mean 1630 3.4 2699 
 3.9 2630 2734 

CV (%) 32.0 20.0 254 6.3 
Local control E 1291 E 525 E 1291 Safari Kori 

HR VA 201 
26 

I. Agronomic desirability score: I = most desirable, 5 = least desirable. 
2. - = Negligible yield. 
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Table 43. Grain yield (kg ha-') and agronomic desirability (AD) score of the Intermediate Elevation Set of the 
EACSRT, 1983. 

Seed Katumani Katuniani, lbb, larare,
Identification :;ource Kenya AD' Kenya YAR Zimbabwe 
Buraihi YAR 3.3 2030 1660 5200 
SVR 8 Burundi 2.5 2500 2180 6300 
ESI P 12 Ethiopia 1.5 2430 2780 9600 
Bakomash 80 Ethiopia 2.3 1540 3460 10500 
SVR 157 Rwanda 3.0 2195 3370 7000 
Ikinyaruka Rwanda 3.5 1660 2070 7600 
Susa Rwanda 3.0 2060 2030 2900 
2KX 17 Kenya - - 570 6900 
Local control Local  - 2410 '7200 

SE ±477 ±280
 
Mean 
 2.7 2060 2280 7000 

CV (%) 32.8 21.3
 
Local ccntrol 
 - - Juraa Chisumbanje 

I. Agronomic desirability score: I = most desirable, 5 least desirable. 

Table 44. Grain yield (kg ha-') of the Low Elevation Set of the EACSRT, 1983. 

Seed Katurnani, Screre, laize, Zabid, I-kod, Planmnure 
Identification source Kenya Uganda YAR YAR 1)I)RY Zimbabwe 
Fajarib YAR 120 I180 2180 640 2370 2200 
SEPON 80-I YAR 910 950 2680 1390 3500 3800 
5DX I60 Burundi 2210 2590 1340 1490 2770 
 3800
 
Serena Uganda 1560 2890 2580 1510 3130 
 4100
 
Seredo Uganda 1630 2630 3300 1490 2900 4700 
E525 HI Uganda 1970 1900 2640 1490 3000 3900 
2KX 17/ 13/l Uganda 3101 610 3080 1060 2070 4500 
Tegemeo lanzania 530 4601 1810 1241 1430 3800 
2KX 17/6 1anzania 1190 4801 1680 1180 1270 2500 
Gambella 1107 Ethiopia 1310 1070 2770 1080 2770 4200 
Melkamash 79 E'thiopia 1410 1030 2300 1220 2870 3600 
Badege Rwanda 2590 1900 - 120 2070 -1 
Ururnimbi Rwanda 2120 2630 -1 120 1330 -1 
761"1-23 Kenya 3801 2100 1430 1410 1330 4300 
IS8595 Kenya 
 -1 1160 840 290 1370 -1 

Local control Local 1840 2920 350 1730 3500 

SE ±413 ±590 ±237 ±104 ±231 
Mean 1430 1590 2260 1010 2240 3b00
 

CV (%o) 49.6 59.9 18.2 17.9 17.9 
Local control 761"1-23 E 1937 Gairaia Beini Chisum

banje 
I. - Not included in calculation of SE. 
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most promising lines are being increased for adapted to low and intermediate elevations in 
further tests: M 36209, CS 3541-7, ESIP 12, Latin America. The agronomy program is work-
Melkamash 79, [(SC 108-3Swarna)xE 35-1]- ing to develop cropping systems involving 
11-6-2, [(148 E 35-1)4-1 xCS 3541 deriv.]-5-3-2, ICR ISA [-developed material, in both highland 
M 90812, M 66 152, [(G PR 118x E 35-1)-4- and lowland areas. 
I x CS 3541 dial.)--4, and [(WA×Nigerian Breeding 
bulk)x E35-1)]-5-8-1-3-1-1-1. 

Integrated and intensive breeding efforts are in1 
Latin America and the Caribbean progress to improve the plant chmracteristics of 

sorghum and to mneet tie production demands 
Two ICRISAT staf arc based at the headquar- froin the I.atin American countries for sorgh tum 
ters of Ccntro Internacional tieMejoraniento de varieties adapted to highland and lowland trop-
Marz y Trigo (Cl NI MY V) in IM ex ico ald a're ics. le breeding methods employed include 
working on sorghum research in L.atin America, conventional as well as poptila tion-iin prove
in close cooperation with the national progra ins. meint tcciuiiiies. We arc now (lCvclhpirig good 
The main breeding prograin objectives arc to male and fernale parents so that we can produce 
develop cold-tolerant sorghum valrietics suitable hybrids for both highlands and lowlands. We 
for high altitudes, with good grain qtuality for annrlyiI corit ri bute materio to Latin American 
human food, and to improve the local cultivars cooperators by way iof the Latin American 

Sorghum growing on rocky mountain slopes, Haiti, 1984. 
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Rainfed Sorghum Yield Trial (LARSYT), that is 
grown across locations in marginal areas. This 
year we received 92 requests for the trial. We will 
also distribute another yield trial that will 
include hybrids developed by the ICRISAT 
program. 

We continued our cocperation with the Insti-
tuto Nacional de Investigaciones Agricolas 
(INIA). INIA's grain laboratory tested several of 
ICRISAT's new food-type sorghums to identify 
the genotypes best suited for food quality. '[le 
information gained is used to create an aware-
ness of sorghum grain for direct human con-
sumption in countries such as Mexico, tile 
l)ominican Republic, and countries of South 
America where sorghum is primarily used as 
animal feed. People in El Salvador, G(uatena la, 
I-laiti, I-Iondurs and Nicaragua arecaccustomed 
to using local white-grain sorghum in different 
forms for human consumption, 

'Ihe ICRI SAT sorghum program at CIM-
MYT has developed several w\'hite-grain varieties 
suitable for human consumption. Some of these 
were tested in a trial at 18 sites spread across 
Mexico's high plateau. Because the lower-than-
normal average temperatures during the 1984 
growing season did not permit rapid plant devel-
opment at some sites, 'und frost did not allow 
grain formation and,/ or maturity in some varie-
ties at others, we received grain yield data from 
only seven locations. VA 110, VA 130 (INIA 
controls), and IC-Cl 4 were the best F.erformers, 
IC-Cl 4 has the additional advant:,ge of white 
grains suitable for human consumption. The 
ICR ISAT Program at CI MM YT has also deve-
loped a white-grain variety BT!P 28, that could 
be used for direct human consumption. BTP 28 
is now in the final stages of testing with the 
national program. 

INIA is concerned with the need to strengthen 
research activities in the highland dry areas of 
Mexico where there are at least I million ha of 
land potentially suited to sorghum and millet. 

In addition to our work with INIA wearealso 
closely involved with the Comision Latinoamer-
icana de Investigadores en Sorgo (CLAIS), a 
group established in 1982 following a meeting in 
Guatemala, to coordinate sorghum activities 

with particular reference to the small farmer in 
the region. In 1983 CLAIS let in Honduras to 
review their activities and make plans for the 
future. CLAIS does not replace the ongoing 
national program research activities, but corn
plements them by dividing regional research 
activities in different disciplines among tile 
member countries. ICRISAT staff are involved 
in advising national research institutions in the 
region on research planning and execution. 
These collaborative efforts are coordinated 
through CLAIS. 

ICR.ISAT's immediate impact in Central 
America has been inthe lowlands and at inter
mediate elevations. Every year we gen':rate new 
breeding material a! all stages and make them 
available to cooperators. These breeding mate
rials are in use in the national programs of 
Colombia, Costa Rica, tile l)oni nicanii Repub
lic, Ecuador, El Salvaor, Guatemala, Haiti, 
Honduras, Mexico, Nicaragua, Panama, Vene
zuela, and other South American countries. 
To date we have been successful inthe follow

ing countries with varietal releases derived from 
ICRISAT breeding material. 

El Salvador. ISIAP Dorado (M 91057 
M 90950) which \,., identified by the national 
program using ICR ISAT breeding material and 
has now boni released and is in production by a 
private seed company. This variety ;s widely 
adopted from Mexico to South America. San 
Miguel I was released for use by small farmers 
who use sorghum and maize inassociated crop
ping systenis. 

Guatemala. Two ICRISAT varieties, ICTA-
C25 (M90975) and ICTA-C21 (M91057) will 
be released in the near future (Fig. 13). 

Haiti. M 62641 (SC 108 x CS 354) E 15-5 has 
shown excellent adaptation in Haiti. 'Fle 
national piogktei in collaboration with the 
USAID Title XII Collaborative Research Sup
port Program on Sorghum and Pearl Millet 
(INTSORMIL) have increased seed for 
distribution. 

x 
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Figure 13. Food-type sorghum variety M91t< 
(ICTAC21) that is nearing release in Guatemala. 

Honduras. The national program released 
Fortillero I in 1983, but experimental results in 
1984 indicated that VG 146 is superior to Tortil-
lero I in yield and grain quality and may replace 
Tortillero I in 1985. 

Mexico. ISIAP l)orado has been tested in 
Morelos for the last 3 years and has been shown 
to outyield the temperate ;,'brids iii the area by 
1000 kg ha- 1. INIA decided to release this variety 
and the production department of PRONASE is 
increasing it on 20 ha. ICRISAT material isalso 
in intensive testing under tropical rainfed condi-
tions in southern Mexico. 

Nicaragua. SEPON 77 (PR 113-114) has been 
released by the INIAP as Nicasor and is in 
production. 

Venezuela. The national program, has a'--eady 
released two ICRISAT varieties (T x 954052 , 

Sorghum 71 

CS 3541 I)-15-6 and (SC 108-3 x CS 3541)-29-1, 
which are in commercial production. Results in 
1983 indicated that SEPON 77 is outyielding 
these two varieties, and will be produced on ti 
large scale by the national program this y'ear. 

We have a new seed store to hold accessions of 
genotypes known to be of special value as sour
ces of certain desira ble traits, and to maintain 
sufficient quantities of these to provide seed to 
regional cooperators on request. 

Agronomy 

ilie highlands of Mexico ICRISAT's research 

has demonstrated tihe need to obtain sorghum
varieties that mature in less than 140 days, and 
that camnbe widely adpted illvariable tepert 
ate environment.This variation in environments 
isexemplified ipFigure 14 which shows the 

growth stages of three highland varieties inrela
tion to ra iniall, groving-degrec days. and frost
free period at two locations in the valley of 
Mexico. Tulantongo, 2240 iii. has ainaverage 
242 frost-free davs anid 69) rll total annual
rairitall. Temascalapa. 2 I0in. has 235 frost-flee 
daysard 715 mm totalannual rainfall. [ie I fg 

period between tile last hros, all plant emer
gence (3 months), restricting the cffective length 
of the growing season, isa serious liriitation to 
dryland agriculture in the area. At [irlantongo 
in 1984 there were 163 frost-free days after the 
sorgh.rm emerged, but only 142at leiascalapa. 
The most important factor in determining yield 
was a 23-day delay in tie killing frost at Tulan
tongo, thus enabling varieties VA It) and IC-Cl 
4 to attain physiological maturity. (rain yields 
for tihe two locations are shown inr Table 45. 

Multilocational testing of lowland varieties in 
the southern lowlands of Mexico has helped 
identify superior genotypes with .yields above 

-
4000 kg ha1 under dryland conditions. One var
iety (ISIAP Dorado) will be released shortly. 
Field testing of varieties in Guatenala arnd Nica
ragua have led to preliminary steps for the 
release of three varieties by the national 
programs. 

In Honduras we studied the response of three 
local photosensitive varieties whose crop cycle 
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TULANTONGO 
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0~-1 
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+ 
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1( 
VA 
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Figure 14. 
 Growth stages of three highland sorghum varieties in relation to rainfall, growing degree days, andfrost-free period. Tulantongo and Temascalapa, Mexico, 1984. 

Table 45. Grain yields 	 (kg ha-') of three sorghum lasts 8 months, under nitrogen fertilizer andvarieties at two locations in the valley of Mexico, plant-density treatments. Our results showed1984. that the 83 x 83 cm spacing used by flarmers 
should not be changed for these tall, leafy geno-Grainyield(kgha') types. Nitrogen application at 25 days afterVariety Tulantongo Temascalapa emergence (DAE) or at floral initiation had the 

VA 110 4160 450 same effect on plant height and grain yield.IC-Cl 4 2350 220 Studies of the effects of planting density andIC-Cl 6 670' -2 low levels of nitrogen fertilizer on the productiv-
SE ±950 ±140 	 ity of two important cropping systems were con

ducted in Guatemala. Forty kg N ha I applied at -I. Values not included in calculation of SE. sowing, to improved nonphotosensitive varieties2. No grain yield, plants did not mature. 	 of sorghini in a maize-sorghum relay system 
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I(RISAT scienLtist sludinj. nai/e/sorghumn/lea inivrcropping trial.(;u'atemala, 1984, 

illcrease~d tile graIIin hvvie+ld (t orgh+i.mhl lmor-e.. iable 46. ('omparison of sorghtium grain yields (kg 
than 42"i' comparetd to the local la'111c' stiui hit 1) and economic returns from two cropping sys
whcre lertii/el.r is not applied to the rclay crop. A tems, La Poras, Gutemala, 1984. 
colrpa rion of the two svtCns in te ol'g,"nill ('ropping systems 
yield and econoiic retuinns is presented inl [ahle Gratin yields and 

I
46. The mean , orghum yield ol I1000 kg ha eono11. returns 

illproved arict is in S: ConII;pared to S,was \ rv\i'rain yields (kg lia ) 
low due to dirought dutinrig the siort crop cycle. Mai/c 3200 i 250' I801) (.t340) 

We established a conmon cropping s,sttem icalis - 05(1130) 

trial as part olfthe ('l.AIS research program.The Sorghum 23,etu1±lrns t0t) (±150)
trial was grown in ive countries (El Salvador liconomic returnSs 499(.Jl~l~nilIl. loldtr.+s.,k'cxi<i~ld ic l'atla lirect costs (tJS $ ha 9) 435 
Gua temala. Hond uras, NIxico, ai( Nicaragua) Gross return (US S) 1030 887 
to evaluate the most suitable ICR ISAT lowland Net return WS $) 601 38 
varicties, and to idcntilk the lactors limiting to Return on invested 138 78 
production and use of local photosensitive caipital (% 
sorgihtiIs. We f'otid t\ o croppitg systems., I. I ue hotosrlits +tirghill %on25, diiys talt 

and S (Table 46), to he the mos t perltinent or 2. S2 naiie intrcropped ,i he,ins %1Pase9s ugars. 
the region. E tltire rescarch will seek to inprove + improied nOl1111olwnsillin sorghn um m relay. 
their productivity. 3 SL values in parentr ses. 
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Training 

In addition to breeding and agronomic activities 
ICRISAT staff are involved in training ILatin 
American scientists in sorgh urn improvement 
and production. To date we have trained 27 
scientists who have now retirned to their 
national programs and are actively involved ill 
sorghLiim research, 

During 1984 eight scientists from Ecuador, 
Mexico, Nicaragua, anrd PaIania were trained in 
soghni imo e and Pro0dtionlatl o1.ur-
regional base it UIN1MYT. We held an intensive 
oie-week coLirsC in srghulm breeding and pro
duction for 38 participaots from different disci-
plines in their o\\n country at the requiest of tie 
I)omhnican RCpblic. IN ISORNIlI. and tile 
national agricultural research prograi of tile 
)ominiican Republic collaborated in the presen-

tationl of this couIrsC. 

Workshops, Conferences, 
and Seminars 

Workshop on Evaluating Sorghum for 
Tolerance to Aluminiun-Toxic Tropical Soils 
in Latin America 

This meeting was held 27 NMlay to 3 .line at tile 

Centro Initernacional de Agricultura Tropical 

CIAT), Call, Colrmibia, jointly sponsored by 


ICRISAT and INISORMNII.. It wasattended by 

58 p,' iicipa nts fron tile following countries: 
Brazil (7). Colombia (28). londuras (I), India 
(2), Mexico (2), lPeru (3), . SA (7), anid Veneuzu-
ela (8) representing national sorglitini programis. 
initernational centers. internatioial donor agen-
cies for technical assistance, uniiversities, colla-
borative . search support programs, and 
commercial sorghurm corn pa 

The main ob.cctivcs of the workshop were to 
bring together sorghiui breeders, plant physiol-
ogists, and saiil scientists actively conducting Al-
toxic tropical research: defiie areas in latin 
America where Al-tolerant sorghum cultivars 
weuld have the greatest initial prod uction and 
utilization inpact; discuss tile sh;aring of infor-

,ilation and sorghum germplasn from all 
research programs; and to project the roles of1L.atin American national programs, INTSOR-
MIIL, and ICRISAT in conducting sorghuin 
researchli tile acid soils environment for tile 
next five years. 

The meeti ng incltded fornal presentations, 
workii~g groups, and field visits to CIAT expert
mental sites. 

Third Regional Workshop of the Eastern 
Africa Sorghum and Millet Improvement
 
Network
 

lhis workshiop was held a. Morogoro, Ianta
nia, 5-8 .litne. 1984. lhcre were 30 participants.
half of them frotm the host cotlintrv, and others 
fron E~thiopia, Kenya. Rwanda, S, rnalia, 
Surdan, lUganda. and '. cueln (PDR). All partici
pants were active workers in sorghumn and millet 
research. Twenty pa pers were presented, seven
 
ol different aspects of the ln/aria i national
 
sorghlin ilproveclent program, the remainder

by Co lutryrepresentatives who each repoltell on 
tile sotrg tllnilland millet work ill his cotltr' Itir
hig the 1983 84 crop season. lhe results of' the
 
1983 Eastern Africa Cooperative Sorgllun
 
Regional Trials (EACSRT) were presented ind
 
discussed. 

The major recommendations of tie workshop 
were to corn bile se\er;l cooperative sorgliuii 
regional trials in c;istern Africa and to initiate iii 
1985 a special regional sorghltIii screening 
ri Liurse ry of breedinglines froICRl('ISAT Center, 
Ethiopia, SAI(RAI) IC IlSAl(K enva).TFan
/lnia, and U[anida. The proceed inrgs of this 
meeting are ;tvailable from the SAI:(RA[I) 
ICR ISAT Regional Office. Nairobi, Kenya. The 
Fourth Annual Regional Workshop will be held 
in Uganda in 1985. 

Ies. 
International Sorghum Entomlogy 
Workshop 
We sponsored jointly\v with USAI D's Title XII 
Collaborative Research Support Program on 
Sorghum and Pearl Millet (INTSORMIL) and 
Texas AgricuIltural :Ex perimerit Station, Texas 
A&M ni\ers ty, a workshop at Texas A&M 
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University, USA, 15-21 July. The meeting was SADCC/ICRISAT Regional Workshop 
attended by 35 participants who discussed cur
rent knowledge available on sorglum insect A workshop was held in Harare, Zimbabwe, 
pests and determined future research strategies. 22-25 October, to make plans for work in 
Of the whole insect complex associated with 1984/85 and to begin generating information 
sorghum, shoot fly, stem borers, midge, and relevant to sorghum and millet in the SAI)CC 
head bugs were i:entified as the most important, region. Sorghum and millet workers represent-
Proceedings including the papers presented and ig a range of disciplines from all SAI)CCcotn
workshop recommendations are in press and tries except Angola and Swaziland attended. 
will be available from Information Services, 
ICRISAT. Third Annual Meeting of CLAIS 

Sorghum Field Days Coordinated and funded by ICR ISAT, this 
meeting was held in San Salvador, El Salvador, 

A visit was organized at ICR ISAT Center 25-27 18-24 November. The CI.AIS regional network 
Septembe, to enable scientists from national research activities were reviewed and future 
programs to observe our improved screening strategies and programs finalized. Future 
techniques and breeding material, and to select CLAIS funding was discussed and a proposal 
varieties of interest to them. Participants catme formulated. The 40 participants from II coun
from India, Kenya, Pakistan, and Zimbabwe. tries in the region also had an opportunity to 

discuss the host nation's national programn 

Working Group Meeting on Cereal Nitrogen research. Cpies of the meeting's report are 
Fixation available from the International Cooperation 

Program, ICR ISAT. 
A working group meeting on cereal nitrogen 
fixation was held from 9-12 October at ICRI- Regional Workshop on Sorghum Research 
SAT Center. Twenty-one scientists representing and Improvement in West Africa 
ICA R, Indian Universities, and other Govern
ment of India research orgaiizations partici- ICRISAT organized a regional workshop in 
pated in the meeting, together with seven Ouagadougou, Burkina Faso, from 27-30 
members of ICR ISAT staff. Eighteen papers November. The objective was to provide an 
covering current research findings and plans for opportunity for sorghum researchers to discuss 
future work by different research groups were production problems and constraints with tile 
presented in the 'main sessions. Ill addition to ultimate goal of establishing ain effective 
these working sessions, there were special ses- sorglum research network in the region. 
sions on methods of measuring nitrogen fixation National research programs of Benin, Bu r
associated with cereals, methods ofenumerating kina Faso, Central African Republic, Chad, 
and quantifying nitrogen-fixing bacteria, and on Gambia, Ghana, Guinea, Guinea-issau, Ivory 
crop responses to field inoculation with Coast, Mali, Mau- ania, Niger, Nigeria, Sene
nitrogen-fixing bacteria. In a concluding ses- gal, and Togo were represented. Researchers 
sion, the participants emphasized the need for from the CILSS Integrated Pest Control Pro
more standardized, uniform techniques for ject, Institute du Sahel, SAFGRAI), ICR ISAT 
quantification studies, and more ,pplied field Center, and ICR ISAT Cooperative Programs in 
work at different geographic locations. They Africa also participated. 
also identified other priority areas for work on The workshop was inaugurated by the Secre
cereal nitrogen fixation. The proceedings are in tary General of the Ministry of Scientific 
preparation and will be available from Informa- Research and Higher Education of the Govern
tion Services, ICRISAT. ment of Burkina Faso. Facets of ICR ISA'I's 
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and mid-season drought resistance will be inten- Plant improvement. We will continue to give 
sified in collaborative research with the Overseas high priority to the development of multifactor-
Development Administration (ODA)-funded resistant populations initiated in 1984. These 
scientists from the Welsh Plant Breeding Sta- populations are being composited in such a 
tion, Aberystwyth, and tile University of Not- manner that the populations formed have con
tingham, UK. siderable genetic variation for the traits requir

ing improvement. Once these populations have 
Biotic stresses. In future, when the necessary been developed, they will be random mated 3 to 
HPLC equipment is obtained, we will use the 4 times with mild selection before they are sub
ergosterol assay method to routinely screen jected to recurrent selection. 
breeding material for mold resistance. We will We will evaluate the combining ability of our 
carry out detailed studies on the histopathology new male-sterile lines and distribute the most 
of grain infection and colonization by mold promising ones to national programs for use in 
fungi, and the role of various factors on resis- the production of adapted hybrids. We will con
tance. We will also investigate the histopath- tinue to search the gerniplasm collection for 
ology of seed infection and transmission of entries that are able to restore fertility of 
diseases for downy mildew and anthracnose. We nonmilo-cytoplasm male steriles. At the 
will continue with studies on the interaction of moment, the commercial use of available non
root and stalk rot pathogens, drought stress, and milo male steriles is limited because they do not 
sorghum genotypes, vet have restorers. 

We hope to complete screening the remaining 
germplasm collection for resistance to shoot fly International testing In future, we will con
and produce a final report on identified shoot duct international adaptation trials on a bia n
fly-resistant sources and the resistance inecha- nual basis. We believe that tis is convenient and 
nisms involved. Wc will continue to identify and useful as it will give us ample time to receive and 
strengthen sources of' resistance to stein borer, analyze data of previotus international trials 
midge, and head bugs. Research on stem borer before dispatching ne\\ sets of international 
and head bug behavior in relation to their host trials. Our next international adaptation trials 
will be continued. will be distributed ca rly in 1985 to reach our 

cooperators in time for sowing at the beginning 
Microbial assaciations. We will screen more of their rainy scasons. 
strains of nitrogen-fixing bacteria in the green
house to identify more efficient nitrogen-fixing International Cooperation 
bacteria for inoculation responses under field Burkina Faso. On-farm trials will continue, 
testing. We will study responses of different cul- both in the ISSN and those managed by our 
tivars to inoculation with nitrogen-fixing bacte- researchcrs. Intesive screening of new cultivars, 
ria in fields treated with farivard manure. We particularly those with the low Striqa stimula

5will continue -N-based experiments to study tion trai', will be undertaken to identify new 
nitrogen fixation in different lines, and long- sources of resistance. We will undertake further 
term nitrogen-balance experiments in the field, improvement of such promising breeding lines 

We will extend the study on genotype depen- as ICSV '002 HV, ard ICSV 1006 HV.Streng
dence of VAM colonization rates and responses thening of resistance through gene pyramiding 
by conducting trials outside ICRISAT Center. will be intensified. 
We will study VAM's contribution to increasing We will screen various crops to identify poten
utilization of rock phosphate by plants in the tial Striga trap crops and will begin a study of the 
field. We will continue to standardize the bleed- interaction between temperature, sorghum 
ing sap phosphorus technique for screening growth stages, and Striga seed germination and 
VAM fungi. emergence. 
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More emphasis will be placed on the evalua-
tion of local genetic resources, and on tke idcnti-
fication of superior landrwces posses-:ng specfic
resistance traits against prevailing ;iotic and 
abiotic factors that reduce and destabilize yield.
Such landraces can be appropriately used in tle 
breeding program to generate useful line 
adapted to the different ecological zones in tile 
region. 

We will concentrate onithe pre-elea se testing
of promising material, and deve op Wit 11 
national prograis and other cooperators, net-
works of intihi lca tiLMl testing and oin-ta rin 
research capabilities. 

N.ali. )uring the last 5 years we haxe gathered 
suffici,nt agronoioric information on improing 
cereal cereal and cereal :egume iritercropping 
systems with avai!hle cereal and ltine c,:ltiv-
ars. Presentl\ these finldings on rgonomic fhc-
totr,
stch tsfertility requircncnlt, crop dehsty,
time of planting and ha rvesting. etc.. are [ :ir\ 
combined to develop packages of practices for 
further evaluation, large scale testing of tlc,,c 
options in cotifparisior \with the existing practi-
ces are planned for the 1985 gro\\ing season. 

Futittre resCa rch Will locus on w\\ systems that 
were not studied earlier. Sorghum or millet with 
groLnldnt ale inlport;lnlt iritercropping systems
particularl\, ill ground nut tories. Pigeonpea is a
 
rece tl\-int rod trced promising legu ie crop.


Othelr ,gro oiic research during 1985 will
 
include collabora tie rcscarcli with Maliani 

iatiullill I.agrolloic plrogl
'ms o soil ard watel 

managelruenit anid cx alation of liternati'e trac-
tion equtrip merit. Stidies oii weed control, partic-
Ularly on S/rit, x\ill also receie consideration. 

Otr breedinrig progras i Mali anrid ofher 

locationis ill West \frica are at a 
stage of releas-
ing new ciultiva rs. Some were evaluaed for their 
agrouornic perforrnice in 1984. More sorgliun
cultivars from Mali and other breeding pro-
grais wvillbe futher eval Uated both under sole 
and intercropping.rceposeto\'aryngleelStudies to exam ine theirof agronomic inputs
repo se to varyir levels o 
will be stregritlired. 

SADCC/ICRISAT Program. We ",,illcon-

tinue introduction and preliminaryevaluationat 
five research station,,, one each in Botswana, 
Malawi, Tanzai, Zambia, and Zimbabwe. 

The varietal rnprovement program will be 
hlitiaily streigtfhened by pedigree breeding. In 
future years we v:llconsider recurrent selection 
procedures. We will develop both white- and 
red-grain .iet ti'-s .:itable f'umaking thick por
ridge and opaq tlebX'..l 

We will l'trthe r con11i the most important
yield-limiting traits, and identify tile best loca
tions in tihe region for screening We wxill con
i diversify aliid seedtinue to select narents for 

hybrids, identify good seed and iollillator par
ents, and encotirage tile Coil)[liercia I use of F,
hybrids by farmers in the region. 
We \V'ill increase our contrihution illsupport 

of tlie research facilities in national pro:,rails 
related to sorghutrii and trillets as our base at 
Matopos takes shape. Fhc firs t major effort will 
le the develoPrnet. lointlyv ith the Ik)pal ite!stt 
of Research and Special Seivices, of at6-8 ha 
research statioll Witi all iaSSUred sOtlrCe of a\\'n.!el
 
at M/arabarri Estatc in Zirnbabwc for trials in 
future o:f-seaiisois, since crop growth \was rior.
riaf for both Aff-scasoi crops at that estate Ill 
1984.
 

Publications 
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Nineteen hundred and eighty four has been, in 
several ways, an encouraging year in ICRISAT's 
efforts to improve and extend research on pearl 
millet, particularly on the African continent, 
The drought conditions in the Sahel provided an 
opportunity to evaluate our materials in as dry a 
year as we can expect in this area. Varieties 
developed by ICR ISAT scientis's in cooperation 
with national programs mainlained the same 
advantage over farmcrs' loclf varieties under 
drought conditions (and at red ucd yield levels) 
that they had in previous years under better 
rainfall. These varieties have noNN been released 
in three countries (Senegal, Niger, and Sudan). 
At the ICRISAT Sahelian Center (ISC) where 
the annual rainfall of 265 mi was the lowest on 
record this century, iearly 80% of the breeding 
materials prodiued at least some grain, suggest-
ing that ICRISATI has the genetic base to pro-
duce varieties which will provide better yield 
stability in the flucttating ra infiall of the Saliel. 
Pearl millet research at the ILC has progressed 
to a level where ')reeding pr o(iUcts will be cvalu-
ated at locations in Mali and Niger beginning in 
1985. 

ICRISAI also began work oii millet improve-
mnit in southern Africa, as part of the Southern 
African l)evelopmcnt Coordination Conference 
(SAI)CC)/ ICRISAT Sorghum and Millet 
Improvement Program centered in l3uwxayo, 
Zimbabwe. Observations oi the first plantings 
gave us hope that iaterials from ICR ISAT Con-
ter will be riore directly aseful in this region than 
they are in Salielian Africa, and that tile SAI)CC 
project can draw heavily on breeding work in 
India. 

ICR ISAT open-pollinated varieties, both syn-
thetics and popula ion varieties, continued to do 
very well in All-India Coordinated Trials and in 
ninikit trials on farmers' fields. Acreage of WC-
C75 expanded rapidly to nine states this year 
with an estimated coverage ofat least 300 000 ha, 
and prospects for a wide accept-, nce of this var-

iety seem bright. In our research fields, more 
effort is 'oeir g put into building a better base for 
fut 're breeding of I hybrids. We are making 
many *a&,rc crosses specifically for tile produc
tior; of new male-sterile lines- making more sys
tematic efforts to select elite pollinators for these 
male-sterile linc,, ,and ivesting more effort into 
breeding resistanc,: to smut and ergot, as wcll as 
downy mildew into hybrid parent,. 

We also feel that we arc making steady pro
gress in understanding the hasis of genotype 
adaptation to some of the limitations to crop 
yield arising frorm the difficult climatic and eda
phic environments in which the crop is grown. 
While we are not yet ready to begir, large-scale 
breeding for adaptation to these limitations, we 
arc beginning pilot-scale selection ex peri merits 
which will tell u whether breeding for itdapta
tion to low soil fertility, drought, and other con
stiaints is possible. 

These and olher projects are described in the 
following pages. Re ;eia rhi iII the two riain core 
programs, ICR ISAT Center and the ISC, are 
described together iii the first section of' the 
report, and research efforts at the national and 
regional level arc described under International 
Cooperation. 

Physical Stresses 

Crop Establishment 

Failure of a crop to establish is a common prob
lem in millet growing areas. The reasons for 
failure may be niany: poor germination, poor 
emergence due to presence if a !,oil crust, or due 
to inadeq(atC seedbd moisttUre, seedling loss 
due to drought, high termperaturc, insect dai
age, and diseases. Research on this problem at 
ICRISAT Center focuses on improvement in 
emergence, and work at the ISC concentrates on 
improving survival of seedlings after emergence. 
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High Soil Temperature and Seedling 
Emergence 

Our studies on farmers' fields in Rajasthan indi
cated that high soil temperatures (>400C) are 
one of the causal factors of poor seedling emer-
gence and poor crop stands. We developed at 
technique to study tile effect of high soil temper-
ature on seedling emergence (ICRISAT Annual 
Report 1982, pp. 41-42) in which naturally-
occurring diurnal changes in soil temperature
can be reproduced, while maintaining optimum 
scedhed moisture for germination and ener-
gence. This technique allows screening for the 
ability of seedlings to germinate and emerge
under high soil terpci'atures (40-50 C),without 
the common confounding effect of inadequate 
seedbed moisture. 

With this technique it should be possible to 
select for improved emergence ability if there is 
genetic variation for this trait in the germplasm. 
To assess tilepotential variability available, we 
screened 117 genetic resource accessions from 
Rajasthan, India, six Sahelian countries, and 
two southern African countries, using daily 
maxi mim soil temperatures of .15 and 50)C (at 2 
cm depth). 

Increasing maxiimrm tempcrature (from 45.. 
50'C) reduced mean percentage emergence from 
71 to 36%," and the range ofgenotype values from 
20 to 100( to 0 to 30% (Fig. I ). At 50'C only V 
of the entries achieved a satisfactory (60-807) 
emergence compared to 47(. at 450C. There 
were, however, clear differences among geno-
types it, ability to tolerate a soil temperature of
50C, which indica tei that selection! breeding 
for this capability may be possible. 

Seedling Establishment under Drought Stress 

We used a modified line-source sprinkler irriga-
tion system to screen for drought resistance dur-
ing s-edling establishlent (from emergence to 
about 20 days after sowing (DAS). The irriga-
tion gradient 'as imposed 7 to 10 DAS and 
plants were harvested 30 DAS. Percentage 
plants surviving and growth ef tile plants was 
linear with increasing moisture as reported ear-
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Figure 1. irequency diagram of percentage emer
gence of pearl millet sedlings at 45 and 50 C daily
inaxinuni soil surface emperature. Percentages are 
means of classes of twenty percentage points. ICRI-
SAT Center, 1984. 

lier for grain yields (ICRISAT Annual Report
1983, pp. 71-73). This implies that Iscreening 
method using two water levels, high and low, is 
likely to be as effective as the line-source system. 
We are developing and testing a screening 
mehod using two noisture treatruenrts. 

Our results also indicate that there isan 
optimal stress level for screening. Exccssively
 
severe stress leads to high variability in the plant

character under observation and to loss of'discri
minative power (Fig. 2). We are rnow evaluating
 
soil-water balance to
models determine the 
amount of irrigation water necessary to obtain
 
optimum genotype differentiation for any
 
expected evaporative demand.
 

Seedling Establishment tinder High Soil
 
Temperature
 

The technique dee'loped to screen for emer
gence in high soil surface temperatures (described above) was tested as a screen (or millet 
seedling tolerance of high temperature condi
tions. Pots of 10 seedlings each were subjected to 
24-h, 48-h, or continuous heating under infrared 
bulbs set 52 cm above the soil surface, beginning 
at 7 DAS. The soil surface was covered with a 0.5 
cm layer of charcoal to increase surface heating
and the pots were placed in a water bath to 
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1984. 

maintain adequate soil moisture. emperatures It Was encouraging to note th- some of the 
rose to 480C at 2 cm soil depth within 8 h from breeding lines had tolerancec equal to that ofthe 
the start of the treatment. Survival at 168 h (7 local control Cl VT II (Fig. 3). he fact that oth
days) alter treatment initiation gave ; good esti- ers did not, however, clearly indicates that it may 
mete of genotypic tolerance to heat stress with be necessa ry to regularly screen for heat stress 
48-11 helating (Fig. 3). With contintil(us heating. tolerance. We are further refining the technique 
best differentiation an onggenotypeCs was [ou1nld after which we will begii to intensively screen 
after 78 or 96 11. breeding materials. 
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Figure 3. Seedling survival (%) in four selected pearl millet lines at five different times after the initiation of a 48-h 
period of high (480) temperature treatment. Vertical lars are SE based on tile twenty lines in the test, ISC, 1984. 
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Yield Compensation Following Pre-flowering 20-
Stress nMain shoot 

nl iller
 
Several reports in the literature indicate that
 
drought stress during early crop growth has little 
 W 
adverse effect on grain yield in pearl millet. We .
 
investigated in detail in 1982 the effect of 4

drought stress during the panicle (lcvelopment 
stage (20 to 48 days after emergence, DAF) using 
 ,

four experimental hybrids. -0

l)rought stress affected the growth and -0 40 so 60 o 9070 

development of flie main shoot in all genotypes, 
 Oays after emergence (DRE]
 
reflected in a decrease in main shoot grain yield 
 20
 
per unit area (Table I). Flowering was delayed
 
by stress from lack of watcr in all the genotypes,
 
inhot I main shoot and tillers, but the effect was 
 c
 
more pronounced in the tillers (Fig. 4). 
 L
 
Flowering delay in the stress treatment was o,0.
bers of prod nt ive associa ted v hithincreased tIn mi 


(panicle-bearing) tillers plant-' (Fig. 4). 
 L,
 
The decrease in miiin shoot grain yield was ,o


offiet by/illincreased grain yield contribution by

the extra tillers. In ICH 220, compensation by 

L-
40 50 60 70
30 00 gtillers exceeded the sufferedloss in the main Days after emergence (ORE)shoot resulting in a significantly higher grain Figure 4. Flowering of main shoot and tiller panicles
yield under stress conditions (Table I). I('H 385 
 in IC 221 in (le irrigated (above) and stressed

and ICH 162 !;howed no significant red uction in (below) treatments, ICRISAT ('enter, sumuer 1912. 

'Fable 1.Mean grain yield, number of grains, and days to 50% flowering in four pearl millet hybrids under two

irrigation treatments, ICRISA r Center, summer 
1982. 

-
Grain yield No.of grains n ' 
(g 0-2) (10009 o- 2 ) 

Main Main Days to 50%Genotype Treatment shoot Tillers shoot Tillers flowering 
IClH 220 Irrigated 179 84 2.7 1.6 42 

Stressed 136 173 2.0 3.1 44 
IClH 226 rigated1, 196 99 2.8 2.0 46 

Stressed 
 99 127 1.7 2.4 55 
ICH 385 Irrigated 177 55 3.1 1.3 44 

Stressed 114 133 2.1 2.7 5I
 
ICH 162 Irrigated 253 19 4.0 0.4 55 

Stressed 224 59 2.9 1.1 68 
Mean (Irrigated) 201 64 3.2 1.3
Mean (Stressed) 48 

143 123 2.2 
 2.3 57 
SE (Treatmea) ±7.3 ±12.9 ±0.22 ±0.20 ±0.7
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grain yields in the stres; treatment, but in IClI 
226 ma inshoot grain yield loss was only partially 
compensated by tillers, resulting in overall 
reduced grain yields in the stress treatment. 


Since stress \was terminated prior to fhwcring, 

individual grain 
 mass was not altccetc. The 

conipensa t ion 
 for the grain yield losses stifered 

by the main shoot duc to stress was therefore 

derived entirely from the grain number 

component of the tillers inl all genotypes (Tahle 

I1).

The incrcuised tiller grain itil hrs rcporlcCd in 
Table I could he a result of: increased 
proportion of productye tillers; increased gra in 
number oii a tiller palrcle; or a combination of' 
tile two. 

Sirnwe it was dilTictilt to separate these effecls 
in the pooled tiller harvest in 1982, we examined 
this question in a subse 1 tiernt experiment 1n 
1983, in which the individual tiller (1V)yields andow
yield components were ineasti red separately. 

Main shoot grain vield was reduced by stress 
but the grain yield of tle tillers again increased, 
resulting in similar yields iin the two treatments. 
The compensation in grain yield was mainrly due 
tola increase ill the r11iu1her of tillers p[ ohdicing 
an irfltorescrtcenat tile 1i and F,positions (Table 
2), and not to at. increase in tile higher order 

tillers, suggesting a reduction in main shoot 
dominance by stress. Changes in the grain
number panicle-I were small and generally not 
significant (Taile 2). 

These experinents indicate that although 
sress in the Carl' crop growth stage has no 
adverse efTleC ul overall grain yield, it does 
affect ihe relative contribution of the main shoot 
and tillers. Pearl millet has the capacity to 
compensate for a rednction ill grain yield from 
the main shoot due to stress during panicle
developnilctrt, by increasing tile rltinuber of tillers 
that produce a panicle. 

Bot Stresses 

Diseases 
Downy Mildew (Scierospora granicola) 

Effect of temperature on germination of 
sl)oraingia. Stiggestions that differenices in 
elfectiveaess of inoculation with .Sclervopora 
Jgr'nviitco/h sporarugial stispision1 might be due 
to effects of temperature on germinationu and 
infection 'vere inestigated. Sporangia were 
stismrclded in water and incubated at 10, 15, 20, 
25, 30, 35. 4(0. and 45)C. At 30-rin intervals and 

'rabie 2. Number of panicles plantI, grain yield plhiit-', and number of grains panicle-' by shoot (main and tillers1-5) and total plant-' in pearl millet hybrid 1111 220) under t,, o irrigation treatments. ICRISAT Center, summer 
1983. 

Main 
Treatment shoot I 

Irrigated 1.00 0.58 
Stressed 1.00 0.87 

Irrigated 10.88 4.43 
Stressed 8.49 5.61 

Irrigated 1661 1372 
Stressed 1248 1141 

liller nurber 
2 3 

No. of panicles plant 
0.27 0.16 
0.52 

Grain 

1.98 
2.89 

0.31 

yield (g plant-I) 

0.54 
1.39 

4-5 total plant-i SF 

0.14 2.15 ± 0.043 
0.20 2.90 ± 0.052 

1.24 19.1 ± 2.36 
.t)0 19.4 ± 4.01 

899 3130 ± 262 
765 3150 ± 233 

Grains paricle-I 
1417 694 
1075 923 
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for up to 3 h, a portion of each sporangial 
suspension was removed, a few drops of 
lactophenol were added to arrest sporangial 
germination (zoospore release) and then the 
sample was Ilcroscopica lilyexa iilned to 
qtantify sporalngill germination. Germiatiol 
hegan during the first 30-min, with the highest 
frequency at 40 aid 450 .There was a general 
increase in germination during the first 1.5-2 hat 
all telnr eattIrcs, except 40arid,15°Cwherelittlc 
gerruination octcurred after the first 30 ruin of 
incubation (Fig. 5). lhic res.lts suggest that illil 
field situation, spoarilgiail gerniiiriitiOri OCcI's 
ovcr aitdgerange of iCmpcritl-cs providedIreC 
wrater is ava ilable. 

Effect of temperature on oernitibe elong-a-
tion. To study the effect ofteruperaturc on tile 
rate of gerntube elorig;,tiOn, We cx;rliricd a dil-
ute suspension of'viahile zoospores on afli;crri-
cytonileter slide, air!( noted the location of 
isolaited, hut cIcVstcd i1 osporCs. [lie slides were 
then incubated alt six tCimpCratturCs: 10, 15, 21, 
25, 30, and 35'C. (erritnbe length was .mea-
stiredl alhourly iintervals by briefly removirig tIhe 
slides from the incubator arid Iiicroscopicalvl, 
measuring the lengths of gerriit ubCs eriariting 

tncubalbIon porIod (hi 
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from the identified zoospores. Germination and 
germtube growth occurred at all temperatures, 
and germttubes continued to elongate through-
Otlt the test period. The germtt bes grew faster at 
3 0'C (Fig. 6). Given free water, ,oospores :o.ou!d 
probably germinate and germitbes elongate 
over a wide range of teniperatuires in the field. 

Studies on prlliogenic variability in S. 
graminicola. In a study at the t niversitv of 
Reaidinlg, UK, on an ICRISAT Overscas 
)evelopment Administration (OI)A) Uni

versity' of Read irig coIla horati rcproject. 10 
pearl miller rltias fron India anrid countries in 
Africl were tested for their reactions to 12
isoliltes of S. ,'rl'llw ( la tIIl'I from 

Iurkin i Iiso, Iri li, Niger. Nigceriai a nd 
Senegal. IhC downy riilde\w (I)M ) rcition of 
r]lost hosts varied prOportitii;ills to tle \irulence 
of the isolates. Ihloses t.stahle resistance was 
found in line I I 1 . originally Iromn I Iltilialhi. 
Indi l,\\hich hald ricrtls Inldcl-colle ts C\ocse 
of selection for resistance'in ltie 1 at)M1' urser. 
ICR ISAI (Center, and ill t Sounai a1cccssionl 
fromln ('ii.;inar. Mali. 

A single isolante of . graniohv/l froll 
Zambia had a patthogericiry pittern that 

S 1u 15 70 25 30 35 
 40 45 

Temperatunre fo[)
 

Figure 5.Effects of temperatire and inculbtion period on germination of ,1chlrospora granmhcola sporangi
suspended in water, I('RISA'r Center, 1984. 
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Figure 6. Effects of tenllperatire and incut)ilion period on the germilube length (min)of zoospores of Sch'ro.pora
granmicolh suspended in water, ICRISAT (enter, 1984. 

rseliihled those frIl Ini(a more than those 

I'rom West Alrica. Ilowever, unlike the Indian 

isolltes used in this test, the Zambhian isolate did 

not cause the stunting of plant ro\%th 
 in the 

Indian hybrid, 13.1 104. 


Screening for resistance at ICR ISA T 

('enter. From 1976 to 1982, 
 3163 gerniplasm
atccessions o+rigittillg I'ronl more thal 20 
coutr1'iCs in tilemajor millet-growing arcas of' 
the world, were screened for resistance to I)IM at 
ICRISAT Center. \ total of'428 accessions with 
high levels o1" rcsistance, and that flowered ill45 
to 60 days.were frt her evaluated this.ycar: from 
these we made 48 siligle-plant selections hatving 
resistanice aid SOlle Cfr1i of1agrooliolimic 
cliteness. PlOgCllV of teCsC \ser' I'Stlllt. 1idl 
typically 110 to 200 cili tall, with earliead leIngth s
of 15 to 65 cmi the jilass of a thousand grains 
varied from 5-lOg. The selections will serve as our major sonUrceS of I)NI resist: lce flr"breedin ,
in tile coming years. 

Multilocatioal testing. The 4 5-entry
International Pearl Millet Downy' Mildew 

Nursery' (IPNIM)N) %issent to 12 cooperators
inIllndia and one in Senegal. Datl were received 
frlom six Indian locitions. The highest I)M
pICSSure was recorded at k.Vso'e followed by
ICRISAT Center. No entry \ws ) M-frce at all 
locations. Ilowc\er. there \cre 32 entries that
developed 10(' I)M at all locations. Ihese 
included P 7-4. P 24. P 310-17, 1)472 , 70 5 12-3. 
and SI)N 503-12, that had also show0\Vn high
degrees of'sta blc resist nc i previous yea I.s. We 
now have more than 35 entries that have shown 
stablc I)M resistance f'or Fi\c of2 to 9 \ears. 
these were ianied b*ythe Plant Materials Release 
Committee in 1984. We supplied seed of I)M
resistant lines to several hiceders illIndia for use 
in their breeding prograns. 

Ergot (Claricepsffusiformni) 

Resistance mechanism. Investigations into the 
structure of peairl miIle! stigna and the seq tience 
of events during jiolli nation conducted at
Imperial College., London, under an 
ICRISAT/OI)A project, have provided a basis 
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Table 3. Mean performance often International Pearl Millet Ergot Nursery (IPMEN)entries at Samaru, Nigeria,
and six Indian locations, rainy seasons 1982 to 1984. 

Other diseases at 
ICRISAT Center 

Ergot severity (C(7)2 at 7 locations3. 
I)M inci- Smut sever- Rust sever-

Entry' 1 2 3 4 5 6 7 deuce (%'j) itN. (C)4 itv (%)5 

ICMPE 134-6-25 1 1 <1 <1 I I1 2 0 15 
ICMPE 134-6-34 I I 1 - I "l 2 I 3 0 15 
ICMPE 13-6-27 3 I I I 4 2 2 0 0 12 
ICMPF 13-6-30 1 I 2 I I 3 2 2 0 10 
ICMPI'SI I I I 1 2 2 I 2 0 7 
ICMPES 2 I 2 -1 .1 5 2 2 2 0 15 
ICMNIIt.S 23 .1 2 2 .1 3 3 I 1 0 2 
ICMIIES 27 .I I ,.1 .1 I I I 3 0 5 
IC1% PI:S 28 c1 5 3 I 7 I 6 < 0 5 
ICNIPES 32 I 16 4 2 8 2 I 2 0 5 

Susceptible 
corn rol 86 89 91 45 54 64 44 35 63 82 

I. ICMIEI(S) ICRISAT millt pathologv e, oi-rcsistant ilies (sih-bulk). 
2. Based on 20-40 inoculated intlorc'sccnccs per entry in 2 replicalions each year. 
3. locations: I z Satnar. 2 = Aurangahad, .3 = R IS.A I (Center, 4 1 lanlnapar. 5 = Mvsorc. 6 7 Iudhiana, 7 New tDclhi. 
4. Based on 1982 and 1983 testing. 
5. Based on 1983 and 1984 testing. 

Center. Stability of nultiple disease resistance in 
these liires needs to be verifled across a range of 
environments in Africa and India. 

Developing resistance. \Ve continled the 
development of ergot-resistant liites with 
emphasis on concentrating resistance genes fron 
divers, sources and selecting progenies with 
desirable agronotnic traits. Crosses were iiade 
among ergot-low susceptible (17 I.S) plants of 
selected germplasm accessions fron (lian, 
India, Nigeria, and logo, to generate 102 F, 
liites. We screened more than 3000 entries in IF 
to FS generations and selected 862 single plants 
from 121 liites with high ergot resistance ( 571 
severity) and desirable agronomic traits, 

Eighteen ergot-resistant sib-bulk (I l'l'FS) 
lines which were developed for high ergot resis-
tance and improved agronomic traits were 
evaluated nitiltilocationally for grain yield and 
in the ICRISAT multiple disease nursery for 
disease reaction. Several of the 1CMPES lines 

had etla.l or better yields than the high-Vielding 
controls, WC-C75 and ICMS 7703, and sho\ ed 
high resistance to I)NI, sntut, and rust in 
addition to ergot (lable 4). I oN\\cr. sonie \wcl'c 
noticeably photoperiod sensi tive when grown ill 
North India. 

Utilizing resistance. Ve continued efforts to 
transfcr resistance into Iibrid seed parents. A 
large nturn ber of' progenies frot crosses bet\ween 

TI'220 and ergot-resistant (FR) line, .1104 and 
FR line, and 5054 Band FR line w\ere screened at 
F, F , BC,(FK), and BC. F) genera t ions and FR 
scgrcgaits werc selected. Results so far indicate 
that with the backcross nethod it should he 
possible to transfer ergot resistance to ltybrid 
parents. 

Ergot-resistant IK'IPFS lines which have 
shown improved agronomic traits will be 
utilized to constitute ani FR composite frorm! 
which we hope to be able to prodtuce ER 
experimental varieties. Seed of ER lilies were 
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-Table 4. Mean grain yield (kg ha') and disease reactions of 18 pearl millet ergot-resistant sib-bulks (ICMPES), at seven Indian locations, 1984. 

)isease reactions 

Grain yield (kg ha-i) at locations' Ergot DM Smut Rust 
Entry 1 2 3 4 6 seo'. incidence sev. sev.5 7 Mean ("j)2 ((!) (%) (%)
ICMPES 8 2830 2790 1290 2240 2410 1800 2080 2210 -I 0 0 5ICMPES28 2420 2810 850 3160 2320 1520 2130 :17(1 0 0'CMPES 29 2320 2540 1180 2130 1860 

0 53130 1210 2050 0 0 0 5ICMIES 32 2380 1640 1310 2410 2060 1670 2300 1970 I 0ICMPES 9 2570 1850 960 1460 2100 
I 53450 1200 1940 .-I I 0 40 

ICMPES 34 2260 2980 1520 1490 15201780 1980 1930 15lCMPES 5 2200 2700 1080 1870 
0 0 IS

1420 990 1720 1710 0 5ICMPES 6 2820 1820 1010 1740 1720 
0 401820 1020 1710 ,1 ) 5ICMPES 36 ',370 2640 1460 
01120 1250 1180 1550 1650 ( 0 2ICMPES 22 2080 101510 1181) 2070 1700 1190 1660 163) 0 I I15 

ICMPES 16 2120 1630 1070 1870 161(0 1000 2010 1610 ( 0 0 ()ICM PES 35 2090 2070 1100 1460 1490 1340 1680 1600) 0 .IICMI ES 7 2540 1760 1140 1240 1160 
51870 1410 1590 I 6 5ICMPES 30 2280 1680 2190 (1120 1630 840 9-0 1531 0) ( IICMPES 31 51960 1580 1160 2150 1420 560 1450 147() I 1 5 

ICMPES 18 2200 1090 1220 2070 820 14101210 1230 1 I 0 51CMPES 24 2120 1230 1650910 930 380 1320 1220 0 IlCMPIES 19 2200 101140 720 1160 990 360 10)10 1080 0 0 0 5 
Controls
WC C75 2420 2390 10401150 2270 1930 2390 1940 45 29 25ICMS 7703 1940 2840 1420 1300 2590 2010 2450 2080 44 

SE ±198 ±370 ±120 ±353 ±220 ±140 ±201 ±229 

Location
 
mean 2310 2040 2)10 1220
1130 1670 120 1730 4 1 2 12

CV(%) 17 31 18 30 23 2020 23 
I. Locations: I z ICRISAT sunime; 2 ICRISAT high fertility (FON: 18 P); 3zICR SAT !o%%fertility (4ON: 9'); 4 : ICRISATergot nursery; 5 = Aurangabad. 6 = Pune; 7 = Ihavanisagar.
2. Based on open-head inoculation. 

supplied to several breeders in India for use in Identifying resistance. To idenif'N, new sourcestheir resistance breeding programs. Four h'.ilks of resistance we screened the same set of' morewith stable resistance to ergot were named by the than 400 DM-resistant germplasm acces:,ohsPlant Material Release Committee of werewhich screened for ergot in the multipleICRISAT in 1984. disease nursery by inoculating 5-10 plants with 
smut inoctlum in each entry. Most entries wereSmut (Tolypo.porhim penicillariae) highly susceptible and the common 21 single
heads from plants that showed resistanceScreening for resistance. We screened about 

to 
DM. ergot, and smut were selected. 

3100 entries for smut resistance at ICRISAT 
Center and Hisar, in the process of identifying, Multilocational testing. The 32-entry 1984verifying, and utilizing sources of resistance. International Pearl Millet Smut Nursery 
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Pearl millet ergot screening nursery at ICR ISAT (enter. Resistant genotype:. (left) have clean earheads, compared 
to susceplible genzolpes (right) Phat have black scierotia on the earlheads. 

(llPNISN) was tested at four lo,:at ions in India. 
flic ican siit sevrities of the 28 test entries 
varied from 0 to N4 compared with 44 to 52i' on 

the susceptible controls, The smut-resistant sib-
bulks (ICMIPS numbers), recentIv produnced at 
ICRISAT Center. showsed very high levels of 
smut resistance (0-3Yi severity) across three 
Indian locations over 2 to 3 years (Talble 5). 
These lines were also resistant at Biambey, 
Senegal, Sa marti. Nigeria: and Sadort, Niger in 
1983 (the nturser\ was not conducted at these 
locations in 1984). In addition to smut 
resistance, these lines have shown moderate to 
high levels of resistance to I)M in India. 

Developing resistance. We continued efforts 
to produce smt t-resistant (SR) lines with 

desirable agronomic traits. We screened 512 
entries in the FI F, generations from crosses1 to 
among SR germ plastin accessions. SR F1, lines, 
and l)M-resistant lines and selected 104 entries 
which showed high smut resistance and 
improved agronomic traits. We evaluted 1626 
I. to F,:i'TS, SR entries for agrononic traits 
dutiring the iamvyseason at ICRISAT Center and 
together with the breeders, selected 118 agron
omicaIly-desitable lines. 

We evaluated 12 ICM PS lines for grain yielQ. 
and disease reaction at variotus locations in Ind it 
dutring the 1984 rainy season. Several lines had 
similar or higher yields than either of the 
contr'ols, \VC-C75 and ICMS 7703, at individual 
locations. In addition to having high resistance 
to sintt, these lines were resistant to DIM across 
locations (Table 6). 
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Table 5. Mean smut severity' (%) 
 and downy mildew incidence (%) of he )est new smul-resistant pearl millet
line-bulks (I(NMPS) evaluated at three Indian locations, 1982 to 1984. 

Locations 

Ilisar .Jallimgar I'RISA I ('cntcl )NI 

F-ntry 82 
Year 
83 84 82 

Yea! 
8. 84 82 

Yea II 
83 84-

incidence 
((, P 

83 84 
IC'MPS 100-5-1 
ICM 'S 200-5-5-5 
I'MPS 700-1-5-4 
1 NIIPS 900-1-4-1 
I'C.1l'S 900-3-1 
WN II'S 900-9-3 

0 
-

-

-

0 

0 
0 
0 
0 
0 
) 

0 
I 
I 
3 
I 
0 

I 
-

-

-

-

I 

0 
) 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

-I 
I 
I 

• 

I 
1 

1 
I 
1 
2 
I 
3 

ICNIPS 1300-2-1-2 
I(NIPS 1100--6-2 
lC M P. 1500-7-3-2 
I IPSI 100-2-4 
lUMIPS 1800-3-.1-2 
(+.\IPS 2000-5-2 

-

< 

1 

0 
, 
0 

< 1 

,11 

I 
<1 

0 
I 

<1 
.l 

-

-
-
0 

-

1 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
I 
0 

-

-

-

0 
-

I 

0 
0 
0 
0 
0 
(0 

0 
0 
0 
0 
I 
0 

0 
I 
I 
3 
1 
I 

4 
2 
I 
l 
i 
1 

Su wept ilh. 
control 36 78 72 58 44 43 72 82 74 25 49 

I Wean ',CCllftV hasd oil 20-10 inoculatcd heads if) 2 rplication,.
2- MiaiI tI it ( iuillol, tlkao. .tallilagar, and I('RIS.\ I (clter.locauion, 
3. ntries t~ot in ct,.d. 

IJtilizing resislace. We screened I7,0 S 
progenies Iroml tihe Sm ut -Resista n Composite 
(SRC) and the Inter-Varietal ('omposite (OIC) 
populations. Two experimental varieties,
1CM V 82131 and ICM V 82132., derived from the 
SRC, and two SR synthetic varieties, I('NIS
8282ard C S8283. ftorid promising for gra in 
yield in hreding trials during 1983 showed iigh 
levcls of resistance to smlut aid I)N' in the 1984 
IIMSN at four Indian locations. Ihc frequency 

of resistance in IV\'" vas approxinately 301 

(determined 
 from screening 920 S, pit'genics 
Progenies with at good lcvel of smut resistance 
(..5, severity) \\'ere selected for recombination. 

Smut resistance from several ICM lPS lines 
will be introgressed into these Compolsites to 
increase their levels of sn itt resistanrce anrid 
agronomic eliteness. 

Seed of SR lilies were supplied to several 
breeders in India for their resistance breeding 
programs. Six with stablelines resistance to 

sInlut wet namcd bythe Plant Material Release 
('ommittee of ICRISAT iw 1984. 

Rust (Puccinia penniseti) 

Screening for resikt:,nce. A total ,lf 888 entties 
including germplasni accessions, hvhrid parents, 
populations, ergot- ;aid slltt-resistant lines
populations, and entries from tile All India 

Coordinated Millets Improvemrent Project 
(lI II)) trials and nurseries were evaluated 
for rust resistance at I3havanisagar. Of these, 175 
entries were rust-free and 287 others developed 
- 10e rust infection. The remaining entries were 
moderate to highly susceptible to rust. 

Seventeen )NI-resistanrt hybrids, produced 
using I)M-resista, ut versions of15141A and J 104, 
were evaIl Uatcd for their reaction to rust, but 
none of tlhese hbrids showed an accep'a ble level 
of rust resistance. 
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Table 6. Grain yield (kg ha-1) and disease reactions of 12 pearl mi'let snut-resistant line-bulks (ICNIPS) and the 
two controls at seven Indian locations, 1984. 

Disease 

reactions 

Grain yield (kg ha - 1) at locations' Sl,;n lt2 1) M . 

Entry I 2 3 4 5 6 7 Mean (1) (%) 

ICMPS 100-5-I 
ICM PS 1100-2-1-3 
ICM PS 1300-2-1-2 
ICMPS 900-3-1 
ICM PS 1600-2-4 

1250 
1820 
1220 
1700 
1640 

1590 
1570 
1650 
1640 
1760 

2070 
1720 
2570 
1910 
2040 

2671 
2640 
2240 
1720 
2151 

1900 
1250 
1070 
1490 
650 

1690 
1920 
1860 
1850 
2090 

1910 
1650 
1900 
2021) 
1940 

1870 
1790 
1790 
1760 
1750 

0 
I 
0 
0 
0 

0 
2 
0 
2 
0 

ICMI'S 700-1-5-4 
C NI IPS 1810-3-1-2 

ICM IS 1500-7-3-2 
IC MIPS 900-1-4-I 
ICMPS 1700-1-1-1 

1430 
980 
960 

1020 
1280 

1390 
1640 
1580 
1700 
1400 

17I 
1420 
1530 
1660 
1970 

2510 
2150 
1990 
1351) 
165) 

980 
1300 
1760 
1790 
1180 

2140 
1680 
1610 
1220 
138) 

1750 
2280 
1620 
1800 
1510 

1720 
1640 
1580 
1510 
1480 

0 
2 
0 
0 
I 

0 
0 
0 
2 
2 

ICM PS 200-5-5-5 
IC N I'S 2000-5-2 

1411) 
700 

1380 
860 

1490 
1860 

1310 
1860 

1531) 
780 

1290 
1550 

1890 
16 10 

1470 
1320 

0 
0 

0 
0 

Controls 
WC-C75 1590 2220 317(0 2571) 21)01) 2141) 2271) 2281) 23 2 
ICMS 7703 2040 1611) 2480 3110 1450 2031) 2090 2110 25 0 

SE 	 ±190 ±160 ±180 ±300 ±180 ±240 ±188 ±21)5 

L cation mean 1360 1580 1970 2140 1370 1750 1870 :720 

CV(%) 25 18 16 25 23 24 18 

I. 	Locations: I =Aurangabad, 2=llihaanisagar. 37I RISA I high fertility (80N: 181'), 4=llis!r, 5=1CRISATI low fertility (40N: 
911), 6=ICRISAT smut nursery IaII rainy season trials), 7-ICRISAI dry season. 

2. 	Mean severity from Ilisar and ICRISA F Center. 
3. 	 Mean incidence trom Itisar. ICRISA r Center, I .ivarnisagar, and Auiranigabad. 

nheritance and utilization of rust resis- male sterilcs fit a 1:1 resistant:susceptible ratio. 
tance. With ICRISAT pearl millet breeders, These results indicate that the resistance identi
we studied the inheritance of a hypei-sensitive fied isconferred by a single dominant gene, and 
type of resistance to rust in two pearl millet lines susceptibility by its recessive allele. Symbol 
derived from IP 2696, a gernplasni accession Rpp I has been proposed for the resistant gene 
frorn Chad. The two lines were crossed onto two and rppI for the susceptible gene. 
susceptible, male-sterile lines, II 08A and 8 IA. In India. rust is often most severe during the 
Plnts in the F, F,, BC. and BCW,generations off-season when hybrid seed is produced: rust 
were grown under high rust pre;sure at ICRI- resistance in the seed parents (male-sterile lines) 
SAT Center, Bhavanisagar. ind Kovilpatti. The should redtice losses of valuable hybrid seed. 
two I P 2696-derived lines and all plants in the F, Resistance is therefore being incorporated into 
generation were rust-free at all three locations, three male-sterile lines, 843A (ICMA 21. 81A 
F, plants fit a 3:1 resistant:susceptible ratio, and (ICMA 1), and 5141A. 
progeny of the backcrosses to the susceptible 
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Multilocational testing. A 45-entry Inter-
national Pearl Millet Rust Nursery(IPMRN) 
was e\Vaiuated at six locations in India. Rust was 
most severe at Blihavanisagar and moderate at 
other locations. No entry was rust-frce at all 
locations; however, one entry. P 1564, was free 
at all locations except Ludhiua where -,5% rust 
was recorded in one block. Several other entries 
inclding I1)6138-3, P) 1592, P 1581, and P 548 
also showed good lcvels of resistance. Six lines 
with stable resistance to rust w'ere named by the 
Plant Mate:rial Release ('ommittee of ICRI-
SAT in 1984. 

Multiple )isease Resistance 

We screened 614 entries ;or multiple disease re
sistance (DM, ergot. smut, and rust) during the 
1984 rainy season at ICRISAT Center. The 
entries included were from hybrid and popula-
tion trials of the AICNI P, selected germ plasn 
accessrons from Africa and Inda,a nd entries of 
the 1984 IIMDIN, IPM-N, and IPMSN. 
Among tile AI CM l entries, 94(i showed resist-
ance to I)M, 2"1 to smut, ;ind ,l47 to rust, b(t 
none were rcsistant to ergot (Table 7). A high 
percenage of germ plasn acecssiris shrowed re-
srstaince to) DM ad 38C( showed resistance to 
stmit. Among tle dise'se nurseries, et triCs fro 
IPMIDMN and IPMlSN were resistant to I)M 
and smlut but riot to ergot. Twet%'-four of tIe 28 
IPMEN entries Aihowed resistance to all the four 
diseases. 

We also evaluated 48 agronornically elite 
single-plant selections from gcrnrrplasri acces-
sions that were resistant t ) I)NI. for their reatc-
tion to rust. TwCnt\'-okIL S-Iections developed no 
rust and all others, ex '.cpt two, developed I0' 
rust. All but one of the 21 selections are fron 
countries in West Africa These selections are 
good sources of resistance to both DIM arnd rust. 

Seed of lines with resistance to more than one 
disease were :;upplicd to breeders inIndia for 
their disca.,e-resistance breeding programs. 
Four lines with combined stable resistance to 
DM,ergot, and smut were naned by tile Plant 
Material Release C(.rrnlittee offICRIS, VT in 
1984. 

Table7. Pearl millet lines screened for multiple dis
ease resistance, ICRISAT (enter, rainy season 1984. 

Entries fond
 
Entries resistant (.10%)to 

lril I/Nursery screened I)N Ergot Smut Rust 
A.ICM IP 

Ilvbrids 	and
 
populations 
 92 89 t) 2 3 

A and 1 lines 26 22 0 0 2 
Germplasm accessions 395 380 2 152 I 
IP1MI)MN 45 40 0 19 -
IIPMSN 28 28 I 28 2 
IPMEN 28 25 2428 28 
Total 	 614 28587 229 32 

Research at the ISC 

As a pathologist was not present at tile ISC 
during lost of tle year, very little data on millet 
diseases was obtained. I)M incidence was gener
ally low in breeding plots, althotugh the highly
susceptible line, 7042 Sho\ed high levels of DM 
infection at maturity in sctlUeritial plantings 
made em IN,in tile rahinv season. 

I) NI levels were high in some breeding mate
rials grown during the January to May off
season t,,rsery. NeanI)M levels in progenies of 
fotr populations ranged from 9 to 29(1 arrd 57 to 
78(7 in some selected F,s of crosses between 
accessiors from Niger and othcr corntries. The
 
male-sterile line 81 A. which has a 
high level of' 
resistance to I)M inIndia. showed 5(,'7 incidence. 
These observations are important inthat they 
show that tile ofl-season nursery at the IS(" 
might be useful for screening pearl millet under 
moderate DM pressure. 

Insect Pests 

Pest sutrveys 

We made surveys inTamil Nadu, Maharashtra, 
and Gujarat to improve our utnderstanding of 
pearl millet pest problems in fairmers' fields. 
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Shoot fly (Atherigona ayproximata), was the l)uring the reproductive phase, chafer beetle 
most important and serious pest in Tamil Nadu, and head caterpillars (!.armiteraand Elproctis 
it was also present in Maharashtra and Gujarat. sp) were the major pests. Chafer beetles were 
Leaf folder (Alarasma trapi'zalis), gray weevil, most active at head emergence while II. lrmih er(a 
(Mlllocerts spp), orientalI a rmyworm larvae and damage were recorded 60 to 90 I)AF 

Ofrhim 7a leaf apid ( Rholwtl- a peak 75 far-Sclarata), corn with on day-old plants (37-98 
osilp/tnl maicis) carhead caterpillars ( Ihliot'his vle ' 100 ea rheads). IHairy caterpillar ( latproctis 
arutig'ra, (',.iphoh/ates spp), stink btig sp) larvae were Inost active on mlat nrc earheads 
(Bagrada n2'i/'rartth), blister bectlc (( tlin- (6-13 larvae. 100 ca rhcads). [lie newly released 
drothora.x spp), chafer beetle (O.\x.cetoiia vr- cultivars (\VC-C75 and ICMS 7703) were gener
siColor), midge ((ermi l'mia pciniis'ti),and head aHly less susceptible to different insect species 
caterpillars ws'ere also recorded as serious pestsat than the commercial hybrids under natural 
Some locations. conditions. 

Pest Incidence at I('RISAT ('enter Earhead (aterpillar (Raghtva alhiptnicella) 

We recorded pest incidence on four cultiVars at Incidence and fluctuation. I)urirgthe iesummcr 
ICRISAT Center at fortnightlv intervals from season, October-.Lic 1983 1984 at the ISC. we 
.Iune to September 1983 (Table 8). The four Carried out iriorithlv soil! sampling .:;Ig a 2111111 
cultiVars tused in these studies invveC two corn- siee for diapausing ptlpa.e of Carlicad Caterpil
inercial hybrids grown in Irdia (Ill 104 and lars. . i!'iaIzI'!"!/-a iI ilte soil. Wc found a 

111I l10). and two variletes developed at I'R I.- higecr plropolrton (over 70(' )of stirv'iing pupae 
SAT ('enter \VC-('75 and I(NIS 7703) and at lower depths (15-25 cm). while the uipper pro
released for cultation iI India. [lie nieaor file cotated niosthv empty pupal cass. Soon 

ob ective \'as to compare the susceptibilities of after the rains in May, our .liutc sampling 
ICR ISAl-hred cultivars \with the comrirci;al re\calcd specien s uindergoitgi metamorphosis 
ones. \Ve observcd olri'tl t; alliivwol'li damage into adult moths. 
30 days after seedling etne rgence (2-3 larvac 100 R. alhil)WCIclla w%'ere first recordLed in light 
plants) Corn lcaf aphids daiiagc was quite high traps in mid-Jtlv. Iwo population peaks were 
on 30-day old plants (128-216 aphids 10 leaf recorded: one at the end of.luh aid the other in1 
whorls). Shoot bug ( lu'cgrihma mailis)wa,s also mid-August. Iggs \%ere observed in late .ltily and 
recorded on 30- to 45-di\ old plants along with larval activity in early Atrgust. Ihecharacterislic 
a rm vworm and corn leat aphid. spiral dlamage appe,1rcd ol rillet plants In m1d 

Table 8. Insecl pest incidenct. on four cullikars of pearl millet, I('RISAT (enler, rain. se:son 1983. 
.i. [ w/' lerla R . mi~ldl'.% P. matlhh% 0). te'ltI'll// 11. almll|,lr / I 1-f.( ImJ 

(Oaruc 100 (;aphids I10 (sheel bugsZ, Il (atdulls 100 ( koueixi,. 1010 (1;11.;Ic 100O 

plants) lea) \lhoils) plants) ctrlicadI} carlrcilds eaI lhiads) 

CuItivar 3)) 45 3 45 30) 45 6) i0 75 9() 75 9) 

11. 104 3(2.012 4(2.1) 189i(13.4 17(4,2) 7(2.71 5(2.4) 11.41 .1(.7) QSg).9) 19(.1) 5(23..) 913.2)
M illi I1M .3(1.9) 5(2.5) 21614.5) 2304.71 412.31 11(3.4) 211.7) 2(! 7) 58(7.6) ,18(7.0} 2I.7) 8(2.8)
\V('-C75 3(1.91 1M.5) 128(11.3) 31(5.61 .(l.9) 32.0) 7(2.4) 7(2.8) 41(,.5) 281541 311.9) 6 2.4)
iWM S 7703 2(I.i ) 2H1.7) 172(13.1) 38()M 412.0) 4)2.11 7(2.8) 4(2.11 37(6 1) 371(1.21 11218 13(2.8) 

St -(1.25) ±0.181 ±(tl.±,6) 1(.8)) i (0.,)0) ±(0.27) t(0.65) i(1.48) !1(0.721 ±0.35) 111.6S1 i((.95) 

I.Days altcr crop emergence. 
2. IigUrcs in parentheses arc -N+-transorme ; values. 

http:371(1.21
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to late August and was most pronounced in 
early-maturing varieties. 

Biology and ecology. We initiated a study in 
collaboration vith ouragroclimatologists on the 
ri !.itionships between soil physical parameters, 
environmental factors, cessation of pupal dia-
pause, and subsequent adult emergence of' R. 
alh,ipwunctella. This study involved three parts: 

1. A post growing seasoi monthly sampling for 
pupae. 

2. An all-year round dailydata collection on soil 
and atmospheric conditions, 

3. 	Light trap studies of adult moths at eter-
gence. 

T-he proportion of surviving pupae inl tile soil 
decreased as tie sunier season progressed, anid 
at a faster rate in the tipper soil profile (0-15 cm)
than at the lower depths, 

Moths appeared in tile light traps45 days after 
20.9 mm rain fell on 31 May. A second ra iiall of 
16.8 mm occurred on 12 .itine. Jhere were mi or 
rainfalls between th!Iese days, sulfficient to 1,ain-
tain soil moisture content at a level favorable for 
the continued development of the insect. Peakeme'gnc l~d-hty rrd rt,-Agut/
Rag/tutu emergence (end-itilv aid(midL-August)occurred when soil temperatures were over 300 C 
at all i pths measured. Soil temperatures below 
300C and a dry spell of 9 days in early August

coincided with i a decrease in 
 adult moth emer
gence during the same period. 

From this study we conclude that the first 
major rains are essential to break diapausc in R. 
a/hilmnCtl//. Con ti nued dee\'lopnent is, how-
ever, dependent on t threshold of soil moisture 
content, and subscqtnent adult emergence may
be related to favorable soil temperatures, 

Stem Borer (Acigona ignefusalis) 

Incidence and fluctuation. We monitored inci-
dence and fluctuation inl populations of Acona 
ign/iisalis monthly throtghout the year at the 
ISC, using the stem-splitting technique (100 
stems sample-t) for larvae, and light traps for 

adult moths during the cropping season. 
Borer incidence was lower in 1984 than in 1983 

(Fig. 8). Populations of diapausing larvae at the 
onset of the season were also considerably lower: 
29/ 100 stems inl May 1983 and 14/100 stems in 
May 1984. Rainfall wasalso much lower in 1984. 
Our observations also show a gradual decrease 
in numbers ofdiapausing larvae from October to 
March (Fig. 8), withi a sudden drop thereaftcr as 
temperatures rise in April. Adult moths were
first recorded inl light traps in early June with 
larvae appearing in stems later in tile same 
month. Two borer getterations were observed 
with peaks in mid-.July and mid-September.

Onur studies involving three sowi ng daics con
elusively indicated higher levels ofborerdanmage 
on late-sown Millet. This trend was not affected 
by the low borer populations in 1984. A higher
level of internodc da age was recorded at a 
much earlier growth stage it tlie late crop than in 
the early crop. I-or exaiple, on Sadol6 Local 
sown I .ltine, we rccorded 45"1 stein infestati.-1 
and 6(' internode daningc 1 0 Septcmber, 103 
DAS while on a crop sown 30 .1une \e recorded 
95"1; stem infestation ind 27"' internode 1ttirnage 
on 12 October, 104 )AS. 

Microbial Associations 

Biological Nitrogen Fixation 

Nitrogen Balance Studies
 
Ill a long-term nitrogen-balance trial started in
 
1980, fotu millet cultivars (lablc 9) are grown
 
each year in tile saire plots with the same rates of
 
added nitrogen. l)uriing tile 5th ear (rainy sea
son 1984) the millet cultivars had (different N 
response curves with total dry-matter yields 
increasing significantly ('. 0.01) with applied
N. We recorded the highest iean dry-twatter 
yield (3260 kg ha-') from millet cultivar Ex-
Borrnu across the nitrogen levels and ai mean 
yield of 3350 kg ha -I across cultivars with 40 kg

-N ha . Without applying in, nitrogen,, Ex
iBorni yielded 2590 kg ha to t a l dry matterdur

ing this season. 
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Figure 8. Seasonal flctuation of ..cigona lrvae, Sadore, 1983-1985. 
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Table 9. TOl dry--niatter yield (kg ha ')of pearl In our irrigated, ]lg-ternl nitrogenl-ha lance 

millet cultiNars in tile5th season of a long-terni, trial. 65 tropical gr'asses have been grown for 7 

nirogen-halance trial,l('RISAT(enter, rains season yearS without tileaddition of nitrogenous ferti

19841. Ii]cr. Maxinurm div-tmattcr production (37 100 

N applied (kg hit 1) kg haI including 2752 kg N ha ') \\as obtained 

. . ........ hv a hybrid, I'cnni.sctwt aiicrinainiiii I'. /)ilr-
Cultivar 0 20 t NI-il) wcum (NB21). over the 7-vctr rlperitod. Se\ rl 

B. 104 18XO 2720 3620 2740 other nasses. including millet - ltlpier gras, 

Gain 73 170(0 2261: 2831) 2260 hybrids, allso produced high d rV-rllattel yields,. 

700256 1710 26 10 2'930 2420 but /oemi.setum rlipelhiprod trced only 42(000 kg 
Ex-Bornu 2590 3170 4(0) 326( ha-i, including 312 kg ha I N during the 7-year 

SE ±207 ±117 period of tile experiment. 

Mean 1970 270t 335(0 Responses to Inoculatioi with Nitro,,n-fixing 

SE ±1tI Bacteria 

CV(') 15 In a field trial during the rainy season at ICRI-

I.Mean ol 4 replicat ios.Net ara hlrested 21 in'. A basal SAT Center, we compared tie effects ol Inoctl
dose of 9 kg P1ha I ,,as applied. lating foutr millet cultivars with several stirains of 
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nitrogen-fixing bactcri.i. W e observed a signifi-
ca mt(P= 0.05) grain cld interaction between 
the host ctrltivars and bacterial strains (Table 
10). Inoculation significantlv (/7 0.05)
increascd yiclds in 13.1104 by 30.3i with I1CM 
1001 and b1 33.5" with I('1 200. Sirilarly. a 
signif'icant (/': 0.05j increase in the ."rain vield 

of IC'MS 7703 occurred in the treatments hnoc-
lated v ith I. hl A, A, I ,.'i'r )('\l A.)1. 
ocila m (ICNi 2 00 1), .. ta i/en .sc(2) and a 
rii.\ttrrc I I. /,ra ,/, r ( I arid 2) MCIer t1re 1101-

irto ate) e . I M) OHMer rIiille rI t s 
\V('-C75 I(\"V I Irid 1K 56)did nt ic'spond. 
W Ct~tbtcli~cd I~dr;-tiltllulI() 11tlt(d !,, iI. le
or01[Mtl I LI1.\ -rii1 i rii I I rlttirrl h, Inict 

cult iars. 
lrr ;lltr~tlcr lhl tiid. ;atIIi\;tnrjs~lretr \ ithIn.lilc ik \l)M 

the same Iourr ruillct ctlti\ma, iig th-du,n 1984 
rainy s.astr, signilicandl, higlrer (' - ).)5) 
grain .'yiclds acrts,, euhi,,rrs \\cic htund i irorit-

-
Table it. (;rain yield (kg fhI)(ifpearl millet cultii-
ars inoculated iith nitrogen-fixinrg bacteria. R I-
SAT (enter, railX season 19841. 

(ilair \ cd (kg Ilai) 

(rtri arl 

I. \V(' t"It, IlK 
('tlhurc 1))4 7703 Mcan(75 560 

((( (001).h l,,ptli I 139 3m311(1 I Nr ?00O 3200 
I 0,10r)91. 1hh , ill) (IAt 21 2 0e 'O II3h ) 3225 

1.bsto . vmi,2 h0r,2 
*t. htp i/it1.h mc~ll1(2).'2I1 2 12 'r 70 11uwht 30.) ) ;22030001 3250 11 -.) SO 1Ir1111l2 ( 301o0• 

NI)RIK' 293r) 2r9 2sSr 27S0 2S r 

\tr I It'llkited tl) 2600rr( i 25Srr tf0.)10289r0 
SI: *)I(,5,' 

SI' 

Meall305 ) m23N3N2s) 

('V P) 
(E16.3 
13 

. M can ilI rcplicti n NNet ticai har\cstcd 6 i'i tI)ta,l 
lrtilicr do c (it20 kg N and 9 kg I' h o,I "m atittlicd 
Ftrch pit %'a,Intcul;Irc t rrcc. (1;da,lll st ir. \irll)

702.5 I.ofliquid Inocultir piep;lied hi 'u,pcrndinga -g 
peal culture I\ iahlcbacrlctflC t of )r'clh.. I peat)
in 7)) I. of \rater. 

2. ('ulturcs btaired o I.1kR. N e%\lDclh. 
3. Napier Itajra Roor Lxr act 

Tabe 1. r i i ed (kg ha -')of pe r lmille Col-
Tabl i I. %0raiehl(xao, l iyin I 
vars inoc tihlted with nit roge 0-fixing I)attIr it, lihitva
nisagtir, rainy season 19841. 

('rltiir 
W(- ct HN",IK 

(Uhtlrlrc 1)4 ('75 7703 560 Mean 

-
.. ]i],.irt;ril('Nl1001) 1-190 I890 1570 I050 1050 
..I.(hroo, o(',runl
tl A'I200 1) 1420 1600 1270 1020 4h8)) 

*1. 'rlihr.sc (SL 33 ! 1560 1720 158) 1640 163)0 
NtMPt122) 149)))122) 151)0 130 

CO'ttr01 12.)) 143)0 1270 161) 1390 

SF ' 12S &6I
\err1') (3)18)6)ll1.;[ 1.390 1030 1380) 1610Ian 

+-S
6 

( A ) I 

I \xlCalll .lt'dh11 (I In'+,ofl4I1 I WAt'0lhS \t+'( , tCNt.d aIh'd 

kf. And ') \%dI .tp1plI'Il 
\\a ICHi,: iIt et'j \%,.1h?5 1 Ilh i idmIIuluI 

d*,Cof 20 \ 1k P'1.1 ' Id,'hplIe 
Lrc~d.
 

)IVpj;ICt) 1tI,,pUIld,I Li2. '1 C.LIt iitIIo I ,i\.I b I,'tc-
IIId10 ilt~ L', -f III III Il II N pa ) III "I)I 1111.%aICI 

2 ('IhIc trotil t )t Lh I It llIirI or \lhcIla. Idr e,.1
roil.(Caiada. 

3, Naplier Hlli Rl~h I \1tr1,1 

latiio trertnrets \ithr .A. liltli'rnm (l(M ()1) 
and I. lrh ,i ,loc \V ('-('75 inoculated(S I 33). 

with .A. lilo 'rul ( l('\i 100 1) ga, c the lla.i
iltun incirase (33"'i) in grain yield ovcr the lon
r~inoculited cortrol ( ible I I). 

Screening Bacterial Strains 

We screctld t\wett-fotn r stra'irns of, nitr 'aitnfixing bacteria in association with plants of 13 
104 grown inglass tubes Iilled withtnstcrili/ed
A lfisol, ol a s rndl:falrlllra rd rllrralltrre ( "YN I )mix
t lre (97:3) niedia. W e used the intact pla nt ttrbe 

assay rletrod (I R ISA I AnnlI Report 1982,
 
P 8 ) to assay the plants' Ilitrogellase activity
three times during a 30-dayr grot l period. Ihis 
assay ncthod is designed lt sclellingbacterial 
straints for their abilitv to stimulte nitrogcnase 



Pearl 11illet 103 

activity in association with pearl millet plants. 7- E Dry matter SE 
Nitrogenase activity at 22 days in plants grown m Phosphorus uplake ISE 
in sand:FYMnmediun, and inoculated with dif
ferent strains of nitrogon-fixing bacteria varied 
from 31-132 nmol C.,ll, plant-' h compared to 16 

10 nmol C-1 plant I h for the noninoculated a 
control. Similarly, the iitrogcnase activity at 21 
days in plants grown in nonsterili/ed Alfisol var- L 
led fro.n 2-68 nmol ' 11 plant- 1 1 i compared to A.
 

10mof Cl-I4 plant- I V in the noninoeulat''d E
control. 'otal plant drN mattcr varicd from 113- _S 

168 nig plan:- I in, sand: FY NI miu~itm and 132-
L 

21 
0 
E_ 

1"/8rug pla.int Soii with inoculition , 0i in 
Coml1pared to 100 iid 138 ing plant I for non- o _ 
inocuIated plaints in tile respect;ve growth anied ill. 
 0 C1 

2 3 4 5 6 7 8 10 1 1 

My,':orrhiza Tr e + men-t 
Figure 9. Response of pearl millet cultivar 1U 104 to 

Utilization of Rock Phosphate inoclations isith various mncorrhiial fungi inAlfisol 
aiended iilih Kodjari rock pholihate (at the rate of 6 

Wc aimed to increase the availability of phos- kg P ha I Iasal), [(UISAT (Center, 1984. Treatments: 
phorus in rock phosphate, a cheaper but I=Conlrol, 2- Rock phosphate (Ri),3RI'11 ('l
sparingly-soluible phosphorus fertiliZer, using lnttS epigaeut', 4 - RI'+(,igapora caiwora,5 -R P + 

vesicular-arhuscuhi r mycorrhi/a (VA M ). Phls- (hous inInolporii, 6,--R P f (,Iohmus cledoniit,, 

phorus absorption by plants given atidulatcd 72 1 4 (domes darum, 8 HR' (lonwihiwicuia-

Kodjari rock phosphate at 4 kg I)ha -' was Iw,,, 9 1 P i Gigaspora margarila, 10 RP 
rms(,te, I I = R I ' I 12 :R P + GlotnusAcattlospora slp,

inc ea sed nearIly fo Urfold by VA M, comp ared to lort't'
inarim)porunt.

the control. Mycorrhizal benefits to pearl millet 
v.ere higher with lower levels of rock phosphate 
than \\itlhthe addition of higher levels. 

lfficicncy of )hosphorus a1bsor)tion from phosphate as a fe rtili/er might be especially 
rock phos)hatc \aried ainong VAI species and beneficial in tile low plhosphorus, sandy soils of 
isolates. Ten \'!\NI cultures were tested for their the semi-arid tropics. 
phosploru .-tiptake efficiency fron Kodja rI 
rock phosphate. In coin parison to tile noninocu- C enotlype-i)ependenI (olonization 
lated control, the percentage increase illplant 
dry-niatter response to VANI inocuilation ranged We showed earlier (ICR ISA' Anntal Report 
from I I (Gloni.s c'lJ)i'ftw) to 305 ((iomw., 1983, p. 89) that the extent of root coloni/ation 
mofloportm 2) (Fig. 9). Phosphorus uptake by VANIl. phosphorus uptake, and plant growth 
from Kodjari rock was increased by 169'i with in pearl millet depetnd in part on the millet geno-
G. mot.s/ortni inoculation but only by 16 7 type. G(enot'pe-dependc fit variation in nycor
with G. ep ,aeutm. Within a species, the two rhial coloni/ation was further confirnied by 
isolates of G. mono.V)orutm (I and 2, differed resu ltsobtainet: front field trials weconucted at 
significantly in their effects on phint dry matter ICRIA Ccni.r and Blavanisagar in 1984 
and phosphorus uptake, indicating a need to (Table 12). For the 20 genotypes examined, tile 
select efficient VAM isolates. I[hese results indi- ranges in percentage coloni/ation were 19-39 for 
cate that inoculating with VAM when using rock ICRISATCenter aid 21-46 for lihavanisagar. 
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Table 12. Mycorrhizal colonization of 20 cenotypes
of pearl millet, ICRISAT Center and Etiavaisagar,
rain' season 1984. 

VAM coloniation ()survive 

ICRISAT 
Genotype Center 13havanisagar Mean 
I1P 4382 21 21 21 
ICH 220 19 32 25 
111 3277 
IfP 6114 
IP 5427 

24 
26 
23 

28 
27 
31 

26 
26 
27 

IP 4861 20 35 ?8 
IP 3476 
IlP 4807 

28 
28 

31 
32 

29 
30 

11.1104 21 40 30 
Ill 5310 35 26 30 
SDL 29 32 30 
\VC C75 28 35 31 
NI I 110 31 32 31 
IP 6538 29 38 33 
IP5140 32 35 33 
Il' 5009 32 36 34 
Zanfarwa 
11 5921 
114937 

33 
32 
39 

40 
42 
40 

36 
37 
39 

Ill 5150 
SE 

33 
±8.3 

46 
±5.1 

39 

Location 
mean 28 34 31 

CV (%) 19 

is 111ea1n fion i three 

replicate plots each -1.5 iW. 

I. Each value a of 15 o bservations 

Extent of Plant-VAM Association 

In Rajasthan, northwe,,tern India, pearl millet 
roots and rhizosphere soil were sampled to esti-
mate the extent of VAM colonization, propa-
gule number (soil infectivity), and phosphorus 
status in the soil and plant (Table 13). Soil phos-
phorus available (Oisens' P) to the plant ranged
from <0.5 ppm to 3 ppm across locations, indi-
eating a low phosphorus status. Mean mycor-
rhizal colonization was 55-60%. VAM 

infectivity of soils in low rainfall districts was 
very low compared to that in intermediate rain
fall regions, probably because VAM does not 

well in dry soils. Considering that plantgrowth and percentage shoot phosphorus were 
near normal (0.2% dry mass), it is possible that 
pearl millet derives considerable benefit from 
VAM association. This effect could pos.iibly be 
further enhanced by selecting more efficient 
associations. 

Nearly 70 VAM isolates from Rajasthan are 
now being cultured on C'enchrus iliarisatICR I-
SAT Center, and they will be tested for their 
growth-stimulation efficiency. Some ofthe fungi
sporulate profusely (Fig. 10 a and b) and are easy 
to multiply in large quantities. A culture produc
ing two spore types, a large one with subtended 
attachment (Fig. 10 c) and a smaller one on a 
brainching, thinner mycelium, with 'Glotmis 
type' attachment, was observed for the first time 
from the Rajasthan isolatcs. 

Plant Improvement 

Genetic Resources Utilization 

We planted over 1000 accessions from the 
Genetic Resources Unit. identified by them ashaving 1000 grain mass of more than 9.0 g, and 
flowering in less from 80 days. The resultant 
gene pool will be very variable for many agronomic traits, and will be improved for large seedsize using sim ple mss selection. 

Two of the highest-yielding hybrids in the

Pearl Millet Advanced Ilybrid Trial (PIMAIIT)

in 1984, 
 ICMII 83506, and ICMH 83507, util
ized pollinators bred :n our Genetic Diversifica
tion Project (Source Material Project); onepollinator was derived from a, cross between B 
282 and S 1013, and the other from a cross 
betwecn S 10B and LCSN 1225 (Table 14). Three 
additional hybrids from pollinators bred in the 
Genetic Diversification Project are under test in 
the AICMIP Initial Hybrids Trial, 1984. 

Two varieties (ICTP 8202 and ICTP 8203)
bred by intermating selected S. progenies from 
material collected in Togo are performing well. 
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Table 13. Mycorrhizal status of roots, propagule density in rhizosph.re. an~d -'oot phosphorus concentration of 
pearl millet in farmers' fields, Rajasthan, India, rainy season 1983. 

VA M Soil infectivity Shoot
 
colonization (propagules/ phosphorus
 

D istrict' (%)2 100 P ,'( r
( rlI mass) 

Low rainfall districts
 
Bi ka ner 48 ± 2.5 65 ± 14.4 t0.26 ± 0.050
 
Churu 49 ± 5.5 257 ± 44.8 0.23 ± 0.035
 
Nagaur 60 ± 3.6 104 ± 15.3 0.26 ± 0.115
 
Jaipur(west) 51 ± 9.5 2360 ± 0 0.15 ± 0.031
 
Jodhpur 60 ± 3.7 1056 ± 281.1 0.15 ± 0.014
 
Sikar 69 ± 3.1 2360 ± 0 0.31 ± 0.040
 

Intermediate rainfall districts 
Alwar 54 ± 2.6 1435 ± 462.4 0.23 ± 0.033 
Jaipujr (Cast) 63 ± 3.7 2358 ± 0 0.17 ±0.022 

I Fach \alueis it nean of 4-12 fields within each distjict; each field mean was derived ho11 three rat do mnPlailts. 
2. I o%raintall districts receive 3510 nin and intermediate rainfall districts receive .500 nun rainfall during the rain season. 
3. oil infectixity estimated by most probablc-nun ber tethod usint;i soil dilution. 

Figure 10. Nlycorrhizal fungi isolated from sandy soils in Rajasthan, India. a. and b. profusely-sporulating Glomus 
species ( 100); c. fungus with two spore types borne on the same inycellium (x200). 

b c 

rSVl 
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ICTP 8203 (Fig. 11) is in AlCMI P trialsand was 
the second ranked 'arietv in tIhe InternationalPearl Millet Adaptation Trial (I I'M Al 9) 1984, 

" _across I I Indian locations (lahlc 20). ICIIT 8202 
is performing well in Sudan. lhc twto tOl-rrtlkcd 
hybrids in IIPMA 1 ), (ICMIH 505 and I(9MII ! 
82601) were also on pollinators brcd in our
 
Genetic l)ivcrsificationlProject (Table 20).
 

Hybrid Iesting andFPollinator (R-line)
 
Breeding
 

The top-yiclding hybrids il MAT yiic de-W109"1 to 116"1 of the control hybrid NI fi 110,) Figure 
. 

II. lleads of pearl millet variety I('I' 8203and 1261 to 1331" of ICMS 7703. the control bred b) intermaling selected S. progenies from germ-Synthctic variety (lable 14). plasm accessions collected in Iogo,.

llrough rcurrCnt slction for specific corn

bilinig ability in a cross bct\\ccn ICP 165 and
I(' 1)5 using male-sterile line 8IA ((IA I) as clit', restorer lines hli beCnl est;ihlisllcdtester, \\e olbse r\ed a 'vield superiori ty of the crossing on 
tor 

dcried hyhrids ofI more than .30"1 ocr l(MS 
to iitc\ male stcriles. and 20 elite 

pollinators have cen 'Itnonl7703 (Table 15). nuted to establish 
the Restorer Conposite II. Rlapid generationSixteen advanced pollinators h,\c been advance (3 gencratiotltS veal1) ill pfrogenics o siximproved for I)M resistance. a collction of264 comnposites is being follo\\C( t deri e hnollV-

Table 14. Performance ofselecled pearl milleth 
height (cm) at 

brids for grain l iMd (k ha- 1 ),dals to 51K' lmsering, and plantICRISAT (enter, lhaanisagar, and .lana, and I)t incidence at lRhasanisamgar, Pearl MilletAdvanced ilylhrid Trial (P1AilT), rains season 1984. 
Grain .yield (kg ha 1) 

NteanlIt'R INAI I)avs Meanl D\1glamn .eMd to 5017Entry Center l~lals plant height incidencegi .llrm (kg ha 1) Rank (hcmciing (7)Icli1)
ICNIII S3506 4210 3670 3140 3070 I 52 195ICNI II 83507 4140 3390 326) 

0 
3600 3 53ICMIH 83401 4100 200

3230 3240 3520 5 52I('MII S3402 200 04000 3030 3350 3460 S 52 210Conllrols 0 

MII II0 3620 2550 3300 3160 I5ICMS 7703 46 180 03290 2370 2590 2750 23 52 205 IWC-C75 3080 2561) 2920 2860 24 51IBK 210 0560 3320 2220 240 2670 22 49 180 5
 
SE 
 +252 ±210 ±172 ±0.53 ±6.1 ±0.2 
MerL I 3741) 2900 2940 3190 52 197 0.32 
CV (%) 12 14 6 

I. 01 25 entries. 
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Table 15. Performance of test crosses of pearl millet male-sterile lines indicate that estimates of their 

S, lines from the cross ICP 165 xICP 105 selected for general combining ability varied from one test to 

specific combining ability using 81A as tester, ICRI- another. In general, all these male-sterile lines 
SAT Center, rainy season 1984. were as good in hybrid combination as 81A. 

They can he expected to produce as high, or 
D~ays lant 

Grain yield (kg ha-1) to Plhnt higher-yielding hybrids than 8IA or 514 1A, that 
EntriesMea _Range to 5(floe height flower up to a week earlier in the growing season 

Entries Mean Range flowering (cm) 	 anhvelrrsed
and have larger seed. 

Top 10 3110 ±238 20)30-3390 53 150 Oil the basis of results published by workers in 
entries the USA, we have started experiments on using 

Whole trial 2280t305 1470-3390 54 135 the antibiotic Mitomycin to induce mutations 
(141 test 
entries) 	 for cytoplasmic male sterility in two maintainer 

lines, 8341 (ICM1I 2) and 8331, which have 
differeni cytoplasmic backgrounds. 

I. 	 Means of three controls, ICMS 7703, WC-C75, IlK 560. The gcnetic base of the male-sterile program, 

;n the A l cytoplasm system, has undergone sub
stantial diversification with the availability of 

gous, I)M-resistant. inbred lines for test crossing 1266 F4 progenies (397 derived from BIx,3 and 
on to new male-sterile lines. 849 from BxR crosses), and 354 F5 progenies 

At ISC, Niamey, 92 test crosses were made on (779 from Bx 3and 75 from Bx R crosses). These 
three potential male-sterile lines and on 81A. progenies have a wide range of maturity, head 
Seven of the test-cross hybrids were found prom- type, seed size, and tillering ability, and all of 
ising, and seed will be increased for evaluation in them are in the early- and medium-maturing 
large plots in 1985. In general, the first expe- groups. 
rience of evalating hybrids at ISC proved to be At ISC, Niamey, male-sterile lines w\ith eight 
valuable. Hybrids were relatively early with different genetic backgrounds are now in the 3rd 
reduced height, ear length, and increased tiller- to 7th backcross generation. Several new inbreds 
ing. However, DM pressure was not high have been identified for possible conversion into 
enough to compare the reaction of testcrosses male-sterile lines. 
with susceptible controls, this will need to be 
monitored carefully in the future. The hybrids Breeding Population Varieties 
appeared to have a higher yield potential than 
local, or improved local varieties, but this needs Seven pearl millet composite populaions, which 
to be confirmed using a range of male steriles differ in maturity, plant height, and yielding 
and pollinators over the next few years. ability are being improved by using S Iand modi

fied half-sib recurrent selection for grain yield, 
Breeding Male-Sterile Lines adaptation, and resistance to diseases. By the 

end of the 1984 summer season the following 
The dwarf male-sterile line 81 A is now finding cycles of selection were completed in the compo
increasing use in the Indian hybrid programs. sites: 7 in Medium and Super Serere, 5 in Early 
Two hbrids on 81A were among the highest- and Inter Varietal, 4 in New Elite, 3in D, Dwarf, 
yielding hybrids identified in the PMAHT. Four and 2 in the Smut Resistant Composite. 
more male-sterile lines, 833A, 843A (ICMA 2), In each cycle, 50-60 superior progenies are 
842A (ICMA 3), and 834A (ICMA 4), were recombined to reconstitute the population to 
found promising in AICM IP's male-sterile lines start the next cycle of selection. From the fami
nursery, and have been recommended by AIC- lies of S, lines which performed well, 15-20 
MIP for general use as seed parents. Results of superior progenies are identified, and on the 
replicated trials of the hybrids made on these basis of specific and across-location perfor
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mance, are crossed in groups of 5-9 to form 
population varieties. After their test in ICRI-
SAT initial, advanced, and international multi-
locational trials, the best performing varieties 
are entered in the AICMI P trials, conducted at 
nearly 20 locations in Indla. Five varieties from 
earlier cycles of composites, 2 from the New 
Elite, and 3 from the -nter Varietal composites 
are currently under test in these trials. Out of 
these, IVC-P78 showed the highest grain yield in 
its 2 years of AICMIPI tests, i.e., the 1982 Pearl 
Millet Initial lPopultion Trial (PIIPT')ard the 
1983 lPearl Millet Advanced Population Trial 
(PMAPT). NEI.C-iH79 gave the highest grain
yield in its first test in the initial AICM IP trial in 
1983. 

The gradual, cyclic improvement of the coin-
posites has led to the development of higher-
yielding varieties from their advanced cycles. Of 
the 33 varieties formed in 1982. 16 out-yielded
WC-C75 in the Pearl Millet Initial Variety Trial 
(PMIVT), 1982, and the Pcarl Millet Advanced
Variety Trial (PMAVT), 1983. Five of them with 
grain yields of 108 to I 15"i of' WC-C75 were 
promoted to IlMAT 1984. I('MV 82132, a 

Table 16. 

higher-yielding variety bred from the Smut Res
istant Composite, showed good levels of resist
ance to both smut and DM and was the 
top-performing variety in IPMAT 1984 over 
Indian locations (Table 20).

Of the 39 varieties tested in PMIVTin 1983, 20 
out-yielded WC-C75, and 8 of these showed a 
yield superiority of 110 to 116% in PMAVT in 
1984 (Table 16). Medium, New Elite, and Inter 
Varietal Composites were the source of most of 
the higher-yielding varieties. 

Twenty-five varieties were bred from the latest 
cycles of New Elite, Medium, and Smut Resi3
tant Composites tested in PMI VI', 1984. Eight
varieties from New Elite, 7 from Medium, and 10 
from tile Smut Resistant Composite showed a 
mean superiority for grain yield of 119%, 120%, 
and 112% respectively, compared to WC-C75 
(Table 17). 

Breeding Synthetic Varieties 

Inbred lines and partial inbreds used as parents 
of synthetics tre derived through pedigree selec
tion fiom crosses between materials of various 

P'erfoirmance of selected pearl millet varieties in Pearl Millet Initial Variety Trial (PMIVT) at fivelocations, anndIPearl Millet Advanced Variety Trial (I'MAVT) at three locations, rainy seasons 1983 and 1984. 

Grain yield(kg iai) 

13MIVT 831 13MAVT 842 
('omposite ('+of -o flDays to 5(01 flowering.,Fntry source Mean Rank WC-C75 Mean Rank WC-C75 

1CM V 83117 Meditu 2600) 1) 117 3000 I 116
1CM V 83101 Inter Varietal 2880) I 129 2970 3 115
ICMV 83131 Nexs Elite 2590 II 117 2930 5 114
ICM\ 83118 Medium 278)) 
 5 125 2930 6 114 

1CMV 83115 Medium 2410 
 26 109 2921 7 113

ICMV 83114 Inter Varietal 2870 2 
 129 2870 8 III

ICMV 83111 Mediuni 2360 
 29 106 2840 9 I10
ICMV 83124 Ncw Flite 2460 24 III 2840 9 110 

Control 
WC-C75 2220 38 2580 30 

SE 
 ±296 ±95 

I. 39 test entri;. 
2. 28 test entries. 
3. ICRISAT Center. 

3M IVT 83 I)MAVT 84 

52 51
 
55 54
 
52 51
 
53 51
 

51 51
 
53 53
 
51 51
 
52 52
 

50 50 

±0.5 ±0.4 
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Table 17. Performance of seected pearl millet varieties in PMIVT. Means of lisar, ICRISAT Center, and 
Bhavanisagar, rainy season 1984. 

Grain yield (kg ha-') - ays 

' of to 50%
Varieties Composite source Mean Rank WC-C75 flowering 
NELC-P8304 New Elite 3020 I 127 52 
NELC-P8301 New Elite 2980 4 125 51 
NELC-A83 New Elite 2970 5 125 51 
All varieties (8, New Elite 2840 - 119 51 

MC-P8306 Medium 3020 2 127 49 
MC-P8307 Medium 3020 3 127 51 
MC-P8302 Medium 2960 6 124 49 
All varieties (8) Medium 2855 - 120 50 
SRC-18302 Smut Resistant 2890 8 121 5I 
SIRC-118301 Smut Resistant 2860 10 120 52 
All varieties (10) Smut Resistant 2660 - 112 51 

Control 
WC-C75 2380 29 - 50 

SE 1125 ±0.6 
Mean 2740 52 

origins: parents of synthetics with proven perfor- to AICM 11) trials, continued to be high-yielding. 
mance, new lines from the genetic diversification ICMS 7703 after 6years of testing at 27 locations 
project, population progenies, and agronotni- was recommended for all India release in April 
cally-useful, disease-resistant lines. The inbred 1984 (Table 18). ICMS 7704, a top-perforning 
lines are identified as parents of synthetics on Ihe entry across 27 locations in India since 1980, was 
basis of their performance and by an assessment entered in tile national minikit trials.1984 
of their combining abilities using a diallel cross- The ISC pearl millet breeding program is in its 
ing technique. 3rd year of operation. Efforts in variety breeding 

In 1984, we evaluated as potential parents 480 were devoted townards forming new populations, 
Fns, 350 Fs, 1500 to 2500 F13 through F, progen- to evaluating new va riability received fronm other 
ies, and 425 inbreds. We tested 116 inbreds mul- programs in the region, generation ofnew \i'arta
tilocationally in seven diallel combination bility, and to tle evaluation of progenies derived 
groups, 53 synthetics in two initial trials, and 22 from intervarietal crosses. During 1984 we were 
synthetics in one advanced trial, able to identify several progenies, based on per-

Among the synthetics tested during 1984 in formance data over the last 3 vears, for use as 
the Pearl Millet Advanced Synthetics Trial synthetic parents. 
(PMAST), !CMS 8253, ICMS 8139, and ICMS Over 900 lines have been evaluated from other 
8274 werc the top performers. programs (ICRISAI" Institute for Agricultural 

The Smut Resistant Synthetic, ICMS 8283, Research (IAR), Nigeria. ICRISAT, Institut 
which performed well in previous years' tests, National de Recherche Ag: onomique (Itt Niger 
yielded 100% of the mean of the controls in (INRAN),and ICR ISATIlnstitut S6n6galais de 
IPMAT and was ranked 14. Recherche Agricole (ISRA). 'Ihirty F, popula-

Synthetics bred in this project and contributed tions, 172 F, poptilations, and 1362 F3, 235 F4, 
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Table 18. Performance of selected pearl millet synthetics in Pearl Millet Advanced Synthetic Trial 1PM:\SI)at
four locations, rainy season 1984. 

Grain yield (kg haC) ____I)ays P)
Phait DN!I) 
ICRISAI ('ento- Ilhiraani- otVCl to 5O0; height incidenceEntrv Mean Rank 111I ' l.I sagar Ilisar controls flowering' (cii). (C )4 

ICMS 8253 2350 1 3120 730 2790 2740 121 52 232 2.8ICMS 8139 2160 2 2760 620 239(0 2850 III 51 226 4.4I(NIS 8274 2140 3 2460 760 2370 2990 I t) 51 224 2.4IC'MS 8240 2120 4 2850 560 2590 2500 109 51 225 3.0 
I('MS 8261 212(0 5 2520 610 2840 2500 109 50 220 10.61('NI S 8102 2090 6 2690 590 2730 2360 108 50 220 4.11ICM S H(48 209)) 7 2400 560 2300 3090 1(08 52 216 4.2
I(N1S 8152 208 8 6502390 2930 2350 107 51 219 4.8 
C	ontIrolIs
 

IK 560 2020 II 2730 
 621 2040 2700 1(14 47 215 1.4
\VC-C75 1940 19 2440 390 2650 2290 1 00 351 228 4.9UNIS 77032 1860 22 2550 520 1960 2400 96 49 222 6.6 
SI± ±159 ±72 -±252 2 (, ±0.4 ±3.4
 
Mean 2020 2560 
 5811 2490 245(0 50 218
 
(\ ('v) II 22 17 15 1.5 
 2.7 

I. I)V ligh I(Cltiili\. IS kg I ha : I[-I m%Felit.\, 20 kg N and 9 kg 11haiSI kg N ant 
2. Recomen deitdhil I'leaw inAlil 19)84. 
3 I R IS. I ('llet High I'e lit\. 
4. I( RISAI (Cenrite,)saste Nti',u \. 

and 59 F, progenies were evaluated from crosses was left to cross-pollinate under natural condi
made at I SC. \Various backcross and Si progen- tions and the first tiller selfed to produce an Si
ies have been evaluated and selections have been progeny. Seed size was esti mated oil the main
 
made to form svnthetics. 
 head as 100 grain mass. In 1984, a selection of Si 

lines representing a range of seed si 's in the SU 

Selection for Increased Grain Size plants were grown, to compare seed size in bothgenerations and t estimate heritability of this 
trait. We also used data I'rom this experiment toIn a number of s tidies, we havye found that grain test the relationship of seed sizc to other yield

iumber and grain site are not negatively corre- components.
Iated inpearl millet, as tihe\ are in most other There was a broad range of individual seed
cereals (ICRISAT Annual Report 1978. 79, sizes in the Sogeneration of populations: 0.50 to
pp.68-69). This finding suggested that it might 1.40 g/ 100 seeds in ICNIS 7703 and 0.35 to 1.35
be possible to select for improved grain size ith- g 100 seeds in ICNIS 7938. Seed-size data from 
out a corresponding decrease ingrain number, tle S1 progeny trial suggested that selection for
and thereby to increase grain yield. seed size should be effective on ICMS 7703

We initiated a study to test this hypothesis, where there was a correlation (r:0.50**)
using two open-pollinated varieties, ICM4S 7703 between S, plant and S, progeny row seed-size
and ICMS 7938. We grew approximately 1400 (Fig. 12). With ICMS 7938 the correlation coef
spaced plants of each on which the main head ficient was r=0.26. 
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1.0. 	 a consequence, tc grain yield per unit area, only
0 in ICMS 7703. Seed size, however, explained a 

- 0 lesser fraction of the variation in yield (19%) 

0n 0 than did grain number (3511.
0 Individual Si progeny fron"_0 	 0o o. ICMS 7703 which 

O0.8 0 0 00000 a combine a large seed size (at least one SF great-
In 0 00 0 er than tile mean of tiL Original population) and00 000 0 0 good grain yield (equal to 	 that of tile original 
E. , 0 8a 0 0 00a 000 	 ouain 

C 000° 0 

0 o 0 0 	 population) will be recombined to form a newD, 0 0 0 

J) o 0 	 synthetic to test the effect of selection for larger0 	 00 0 seed size on grain yield.
 
LO.6 0 0 0
 
Ca 0 
 0 

0 o00 

0.0.3 6.s -- 0-0.8, L.O ' International Cooperation 
As in previous years, the major activities of this 

Figure 12. Relationship (f ICNIS 7703 S, progeny row project were distributing elite breeding material 
mean seed size to So plant main head seed size. W111- to cooperators through trials and nurseries, par-
SAT (enter, rainy season 1984. ticipation in tihe National coordinated trials in 

India and meeting the seed requests of coopera
tors. The IPMAT 9 had 20 entries (8 hybrids, 5 

We compared the effects of variation in grain synthetics, and 7 varieties). The trial was dis
size on vield and yield components for both patched to 30 locations in India, Pakistan, and 
popula tioris (Table 19). Seed size was negatively Niger. The results from I I locations in India 
correlated to grain number n-2 as it consequence injircated that I('MII 505 htrd ICMII 826101 were 
of a negative relationship to grain number paiii- te highest-yiciding hybrids. The highest
cle - I. This was not totally unexpected, although yielding varieties were ICMV 82132 (a smut
it contrasts with previous comparisons among resistant, population variety), ICTP 8203 (also 
different cultivars, probably because differences in AICMIP trials), ICMV 82113. ICTP 8202, 
in grain size were a result of specific selection and ICMS 8283 (a sinut-resistant, synthetic var
rather tha n chance variation. Seed size was sig- icty) (Table 20). It is very encouraging that 
nificantly related to grain yield parnicle-I, and as 	 ICM UI505 is a seni-dwarf hybrid, tile result of a 

cross between a new d, dwarf nmle-sterile (843A) 
arid a d, dwarf pollinator, and that two of tie 

Table 19. Correlations ot S, grain size to S, grain best-perforin_, varieties a re resistant to both
 
yield and J'eld components in pearl millet varieties I)M and srilut.
 
ICNIS 7703 and ICNS 7938, I('RISAT (enter, rainy Thirteen varieties, hybrids, and synthetics
 
season 1984. 
 frorm ICRISAT were i :luded in various AIC-

ICMS ICMS Mill trials in 1983, with WC-C75 (ICMV I) as 
7703 7938 one of the standard controls. The performance 

Correlation of grain site and- Correlation coefficient of ICRISAT varieties continues to be superior
2PIanicles m- -0.05 -0.12 when compared to other entries, icluding con-

Grain number panicle-i -0.33** -0.26 troIs (Table 21).
Grain mass panicle-1 0.33** 0.28 Our regular trials, and in particular our nur-
Grains 1,-2 -0.46** -0.37"* series, have continued to be a valuable source of

2Grain mass rn- 0.44** 0.26 genetic i;,o'erial for cooperators' breeding pro-
Range in seed size (gl(X seeds) 0.50-0.97 0.42-0.87 grams. Thei ICRISAT Pearl Millet Uniiform 
Number of S, progenies 90 43 Progeny Nursery was requested by more than 20 

http:0.42-0.87
http:0.50-0.97
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Table 20. Mean performance ofselected entries in tre 
International Pearl Millet Adaptation Trial (IPMAT 
9), across eleven locations in India, 1984. 

Girain lavs to 
yield l]oer- I)M NlnL (kgyvha )Rank ing u) (), 

ICNI II 5115 2120 1 53 18.3 

ICM IH82601 2120 2 52 0.9 

lull 433 1900 55
5 5.5 
ICMV 82132 1870 8 55 1.7 4 
ICTII 8203 1810 1l( 51 3.2 -
ICNI V 82113 1770 II 54 3.1 
ICI 1 8202 1770 12 51 ).6 
I(CMS 8283 1760 14 54 1.7 .. I 
Conitols 


NI 3I IItt) 21110 3 50 4.5 

ICMS 7703 17210 17 53 5.8 

WC- ('75 1640 22 52 3.3 

Local 1570) 24 52 1.9 522 


SEF ±53 ±0.3 

Mean 181) 53 

I. Meal! o l locatii oI , i n tte lniioil, Pearl Millet 
Smut N sIrei\ (1'\MSNL. 1984. 

2. . 1t1011 

cooperators in India and life Inbred Nursery is 
increasingly attracting tile attentiorn of co-
operators. 

We continCd to stipply on request seed of 
pearl millet lines arnd populations to other pearl 
millet proglrins. Inl 1984, seed of Our 2500 sclec-
lions were dispatched to pearl ril!et scientists in 
India and s\ eral countries in Africa. Ihese 
included rmlit specilic entries iequested from 
our breeding and pathology niirseries which 
were shown during the Scieritists< I)av and at 
other times during the year. 

Iuring the year. tile annual IISA, I Pearl 
Millet African Zone-A Irial (INIZAI) for drier 
zones was conducted across tite West African 
inlict zone principally to evaluate tile elite pro-

ducts of tile ICR ISAT Coopcrati\e Irograin il 
West Africa. INIZAT84 contained 13 entries 
contributed by ICRISAT (ooperative pro-
grams in Burkina Faso (2 entries), Niger (4), 
Nigeria (4), and Senegal (3). An improved \arl-

iety and a farners' traditional variety were 
included as controls at each of the locations. The 
trial also contained Souna I 1, a released variety 
from Scnegal, used as a long-term control. This 
trial was sent for yield valuation to 13 locations 
in 9 countries (including one cation each in 
Botswana, Zain ha, and Znbabwe, sown inOctober 1984). The trial was also sent for evaluIa
tion in the Sri'a nusery (Kamboins6. Iurkina 

Faso), and for pest and disease incidenct: at ISC. 
To date w'., have received data from 7 ,':i

tions in 4 countries(Cameroon, Mall, Niger, and 
Senegal): grain-yields from these locations are 
given in Table 22. 

In 1984, the rainfall at almost all locations was 
well below normal. Ilighest ica1n yield \is 
recorded at ('inlillna., Mali (1950 kg ha 1) and 
lowest at Maroua, Cameroon (528 kg ha ). At 
all locations the 'uniihrproved farmers' local' was 
the lowest-vie lding entry. Over :all locations, 
entries ITMV '83t04, INNIV 822(, and IHNV8301 did well relative to the mean yield of the 

trial (1227 kg l-ai over 7 locations). 

Se n e g al 

Breeding 

Our objectives arc to improve grain yield and its 
stability, grain size, harvest index, resistance to 
diseases and pests, productive-tillerrig ability, 
arnd to determine tile best cultural practices for 
newly-bred Nartetics. We con tinuied to generate 
new breeding material including synthetics and
 
hybrid varieties suitable for different agroclirna
tological /ones of Senegal.
 

Plant Inprovement 

Inbreds ard synthetics. ()ntihundred and two 
I:,, progenies generated frot 1977 to 1983, from 
crosses bet ween improved Senegalese material 
and Indian introductions, 99 IF', and 200 1:4 
progenies deriked fron Senegalese , non-
Senegalese crosses during 1981 to 1983 were 
e\altated thi,: rainv season for their perffor
manceat Nioroand Hambey. These401 inbredsi 
partial iribreds are being cataloged for their use
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Table 21. Yield performance of ICRISAT pearl millet entries in All India Coordinated Millet Improvement 
Project (AICMIP) trials, 1983. 

ICRISAT entries ial lop-yielding 

No. of 
locations 

No. of 
entries Entry 

Initial Pearl Millet 
Hybrid Trial I 

19 24 ICI 415 
ICH 423 

Advanced Pearl Millet 
Hybrid trial II 

32 20 ICt 440 

Initial Pearl Millet 
Population Trial IV 
Control 

18 26 ICMS 8021 
NI-IIC-II79 
WC-C75 

Advanced Pearl Millet 
Population Trial V 

30 18 ICMS 771)3 
IVS 5454 
ICMS 7704 
ICMS 7818 

Control 

ICMS 7835 
NEIC 1P79 
IVS-1P78 
)IC 117904 

WC-C75 

ful characteristics. During the off-season 
1983/84, selected progenies were utilized to form 
18 synthetics and 131 testcrosses. Four new syn-
thetics suitable for different agroclimatological 
regions of Senegal are being generated from 40 
selected inbreds during the off-season, 1984 
1985. 

Hybrids. Twenty-two selected hybrids tested 
in 1983 were retested in 1984 at both Nioro and 
Bambty. The highest-yielding hybrid was 
ICMH8407 SN which yielded 61% (2575 kg 
ha - 1) more than Souna Ill, followed by 8413, 
8403, and 8411. Five hybrids, ICM 1-18403, 8404, 
8412, 8413, and 8414, gave significantly higher 
grain yields than Souna Ill in both 1983 and 
1984. These seven hybrids will be retested in 
1985, as will 13 of 109 newly generated test-
crosses involving different male-sterile lines and 
new inbrcds. Fifteen seed parents including 81 A, 
IIIA, and J 1623 were moderately to highly 
susceptible to DM (14.3 to 80.0%) at Nioro. 

Years 
in 

test 

Grain 
yield 

(kg ha I)Rank 

mean 
yield 

(kg ha 1) -ntry 

Grain 
yield 

(kg ha') 

I 
I 

1940 
2050 

6 
3 

1760 M ii 138 2090 

2 2170 6 205 MlII 131 2340 

I 1560 3 127 NEILC--179 1630 
1 1630 I 

1510 5 

6 1750 5 169 IVS-P78 1810 
4 1750 6 
4 1800 2 
3 1740 7 
3 1791) 3 
3 1740 8 
2 1810 I 
2 1660 15 

1771 4 

Ffforts will be made to breed new seed parents 
with African backgrounds and resistance to 
diseases. 

Improvement of synthtics. The first cycle of 
recurrent selection in Souna Illand IBV 8004 
(ICMV 3) was completed in the 1982 off-season. 
Shibras were eliminated from Souna I11,but 
there was no improvement in its resistance to 
DM.The second cycle of recurrent selection in 
these synthetics using the half-sib method was 
completed in the 1983/84 off-season. The most 
important selection criteria were resistance to 
DM in Soura IlI, and grain yield in IBV 8004. In 
2 years, DM incidence in Souna III was reduced 
fron 24 to 14%, but grain yield was improved by 
only 3%. 11V 8004 was improved by 9% for grain 
\ ield. We started the 3rd cycle of recurrent selec
tion in these varieties during the 1983/84 off
season by producing 432 half-sibs from each. 
Based on multilocational testing, 38 progenies 
from each of the two synthetics were selected for 
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recomination.The selected half-sib families are
being recombined using S1 seed froil)M-free 

The finail Comparisons bet ween the rese
and the original synthetics will he made in1985. 

Improvement Ior grain ma.ss by biickcrossing
in 1M \ 8401 (l('M V 2),. a d ,r,+vaiety, ws 
initiated ill1984 hvcrossing itwith two high seedlines hrom Glhamn IP 16151 and IP 16152.[he F, crosses were grown for generation 

advaiee in the 1984 rainy season. F, populations 
aiare ring the 1984 85 oF-seasonbeing grown diu 
and the dwarf plants wvillhe hackcrossed to 
IIINIV 8401. 

and Nurseries 

Advanced yield trial. )uring 1984, all the 
entries in the Advanced Yield arial,except
1'I3MV 8401, were significaiitly superior in grimain
yield to Sotll III, and the local control, which 
sullTered Iromall i sctc dIro g I i ll i andfilling. l)iriiing 5 y\calrs ii testing. IBY 8001 

241'". and IRV 8t0).4 21 7 higher yieldsthaii Sotli Ill: hoth Clm eishad gr etricsis
to l)NI. a higher ll00-gratin mass, and 

m"iattuied 7 to 10 days cailicr thain Sottiia III. In
1984, these two \varicties were grow\n on more1000 ha bv Faricis. aInd the national seed 
service muh!tiplied seed. Village wo nen told u1s 

these \arictics produed llore and better
tasting cotcotl.s thln their local millet. Ihesetwo varieties along wit 117-66 and IMV 840 1 

were recommended by ISRA for release illSen
gal. 117-66, brd by the national program.

yielded 18('1 more than Soun:i Ill in 4 years of 
testing .li. V 8101 had a gr:i.in icld Cquivalentto SOuMa ill over 3 \'ears oltestinig. [ie national 
seed scrvicL i ltiplied it on 13 'ia and har'vested13000 kg (l'good quality seed (Fig. 13). lie sced 

growers appreciated this varicty, because of itshigh tilleting, earliness, and good fodder quality 
d.
due to its resistancec to d iscasc-s and lodgini., aRd 

ease of farm opeiations made possible by its 
statuie. 

trial. synthetics were eval*ightccn 


tinted during the 1984 rainy seasotn at Nioro and 
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no significant effect of increasing fertilizer on 
grain yield. The highest-yielding entry was 11V 
80(14 followed by 117-66, 113MV 8401,and Sotna 
III. From 3 years' restilts, we can conclude that 
increased plant population dfoes not significantly 
incrcatse grain yiehl or"eOomic ret urns TIL!c-
fore, a 90()90 cm spacing is leconirieided for 
both tall and dwarf varieties ir Senegal. 

Burkina Faso 

Like many African countries, Bturkina Faso 
cxperienced drought in 1984, the severity of 
which varied between and within regions. Rain-
f'all during the 1984 crop season was less than 
50% of the long-term avcragc at Kamboiins' and 
Otahigotlva, the two major millet trial 
locations. 

The main olbjecti\C of the program is to breed 
two groups of 'arieties 'or tile 500- to 9 0 0-ni1 
rainfall one. [lie growth characteristics oftliese 
two groups are: 

1. Photoperiod-senlsitive lull-season (120-150 
days to maturity) varieties tha1t flrmers can 
sow with the late Mav carlv .)tite rairi. 

2. Photoperiod low-seris it ye xc,insenisitive, r-
.h tevarietics,or vcry-rd\, y) sowing.maturing (HI)-110 day~s) vatrietics f'Or latte (.111y)vareties f 

Plant Inmprovemient 

The triajor thrust of our cSCarcl activitiCs is on 

breeding I'tll-season (120-150 days), phlio-

period-sensitiv. varieties. Rescareh expcrience 

ail observ'ations of farmers' 
practices aiil crcp 

performIrice have clearly indicatied that the pho-

toperiod sensitivitv of local cultivarsallo\s flex-
ibility ii time oif Noxvirig. Since flowering always 
Occlrs towarls the enud of the rainv se nlil. such 
genotypes are more likely to escapc pollet wash,
and insects that Iloralea parts arid feed oil 
irilnature grain. hlowever, ph loperiod
sensitive va rieties have Ilied(Isadva ttage of being 
restricted to rather narrow north south /ores uif 
adaptation. 

The breeding of phot'"ieriod-sensitive, late-
matlitUring varieties is hampered by several factors 

including drought, which generally delays flow
ering, and the apparent superior vigor of early 
genotypes over photoperiod-sensitive, late ones 
in tihe seedling stage. IHowever, iii some crosses it 
seems that the hairy-leaf character, which call be 
detected in seedlings, segregates withIi pliotope
riod sensitivity, and is sidi it tmight be a fistful 
tool for identifl'ing phtotoperitod-sellsiti.e plants 
at the seedling stage itl a segregating population.
WC initiated a test to confirm these observattions 
in all F. population from a promising cross of 
Kapelga (photoperiod-sensitive, late) - (iT 79 
(less photoperiod-sensitive, carl v). Progen\,
froiii this cross (and some related imaterial) N\ere 
denselv sown inl aln off-season nturscr,,, seedlings 
were then screencd for the hairy-lerf clIa racter, 
tiirisplaIlI. aid the rCsulting plarrts self'cd. A 
progely test for flowering behavior arid agro
noltic pertrriniCC was planned for the 1984 
rainy SeIson, hut it could riot be pursued because 
of, earl.-scanso iitounght (irrigation \'is riot pos
sible). Ivarly sowing (Iv Itiid-.Itrmle) is niecessa rv 
for this evaluation of pholottsetlsitvity so that 
there is a aldequate spread of flowe ring to ea
bie seli .tiot for iittrritv ard plotpriod sonsi
tivitY differences. 

II an effort to breei early-maturing, bristled 
seed was I'lected from openpollinated, bristled heads which sporadically

occur in variety IKIMV 8101 and the local cul

tivar, CVP 21(0. The IK MV 8101-derived li'.Csshoxved i on ogen c segregation for the doi
riart bristle character, whereas V P 210-dcrixed
 
lines did not sho\ 
 a1clear cut segregatiioni patt
cra. In gelierilr. seed set was poor 
 oil selfed,
 
bristied heads compared tu selfed, non-bristled
 
heads. I low\cver, sonic 
 bristled, hollio/.gous
 
liles \\ere derived Irom 
 IK N V 8101 \\hich had
 
relatively better seed set. These 
are now being
 
recombined
 

Trials and Nurseries 

Early-riaturing varieties for late sowing. We 
c01ritinued rdtirilocational trialy toi identify 
early-maturing varieties for late-sowing condi
tions. 'he superior performance (if the varieties 
1K NIV 8101 and IKMV 8201 reported earlier 
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Table 23. Performance of selected early-maturing grain yields over these two locations were 875 kg 

experimental pearl millet varieties inBurkina Faso, la-Ifor CVP 480, 800 kg ha- I for CV P 417, and 
rainy season 1984. 600 kg ha- l for Kapelga. Compa red to Kapelga, 

tile cultivaxr COmiIlIIOnly grown il tile central 
Sudaniaii, ,.je, CVP 480 arid ('VP 417 have 

(;rai ( rain relatively long (39 vs 27 and thick heads.'ill) 
yield Das to 501; yield Ias io 50"; The INMl ' 3 trial resrlts at ()uahigouva and 

tkghlu ) fl(m cring (kgha 1) 11cmivcing Aourmla co ifirmed the superior per forliance 

IKMV 8201 450 69 370 05 of the 82 83 Recomil ed Popula',t ion larlv 
IKMV 8101 400 68 290 74 (R-E) seen in1983. Overall avrage grain yields 
1KNMV 8301 400 75 360 72 -
itthose locations for 82 83 R PE iwas 265 kg hIlaand 145 kg ha-! for the local control cultivar. In 

local control 200 Xl 180 82 addition, one cultivar, (VP 170, with low sus-

S F ±5(0 ±50 ceptibility to downy mildew, exceede,' tile yield 
of4tile
C'V (C(') 40 50 local control by 300"i (430 vs 145 kg ha-'). 

Striga Resistance 

(ICRISAT Annual Report 1983, p.106) was The project on imiprom\clent of pearl millet for 
rereateld during the 1984 season at Aourema aid resistance to Si'tra heTmot'lhi'a in Fhnkila 
Ouiahigouva ([able 23). We could not analvie Faso started iii 1979 with linancial assistance 
grain-yield data fiom Kamboiiist because of from the lnlCrnational [)Cvelol,lenilt Research 
severe drought. IIowe\e r, earls-mlatiiuring \vlae- ('entre (II)RC). Since 1982, we ha\c been doing 
ties did produce some grain, bui a late-flowering pot experiments to test individual niillet plan ts 
local Control did nor. to Complement o V testing illhCvI ily

infested fields in hurkinm Faso :nd Niger. lhe 
Full-season varieties. In 1984 we conducted 19R.4 icsuIts of both field and pot screening \were 
two multilocationil trials to further e\aluite the very'iicouraiigill. SoIlle progenies selected frol 
performance aiid adaptation of full-season var- aIless-stisceptible base population exhibited hig,. 
ictlies iti the 650- to 850-rin ralinfalll zone. The levels of resistance.
 
dista nce between the two fartlest (north-south)
 
locations was abouIt 175 knii. ()ne innIltiloca- Field screening. Several F- anti S progenies
 
tional trial. INMIT 2, grown at Saria. Kam- gave very promising results illthe International 
boins6, and Gailpella (a\crage annual rainfall Pearl Millet Observition Nursery (IPMON) 
approx. 800 nim),and at Ouahigouya (650 rin conlducted in 1984 in Aourena \illagc. Four 
rainfall) had mostly entries of 130- to 150-day entries, 1 2627-2-I 1-2. 1 419-I-29-4, Inbred 
laturity. Theothertrial. IMMI.T3,withenlrics 5258-1-19-I, and l) 2627-2-18 had only 107 of 

of 120- to 130-day maturity, was conducted at tile .riga plints appearing in adjacent ,uscepti-
Ouahigouyi and Aouremia, situa ted oout 2(0 ble plots of Fx-Bornu in a checkerboard design. 
kill apart. Material of ti1s llIturity is lot Among 18 1,progenies tested, one, 82W634 
adapted for normal sowing in the 800-1rin riain- (cross between a Burkina F-,so \arietv aind 1) 
fall /one. 508), was ouitstanding with on l\3( as manV 

File MMI,. 2 trial stifl.red extreme drought emerged Striga plants as appea red in adjacent 
at Kalrnboins6 and Ouah igpuy but waS less plots tif Fx-Bornti. Although yields of maily 
affected - Sairiarid (mitnpella. At these two resistance sources are poor. 82\V634 yielded 
locations tile selections for low susceptibil ity' to more than Fx-Honrii (640 vs 580 kg ha-I ).Out of 
DM, CVIP 480 and CVP 417, consistently out- 23 S,progenies. two showed reduced susceptibil
yielded the control cullivar, Kapelga. Average ity arnd yielded 111ore than 1x-orrnu. We will 
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recombine 20% of the less-susceptible lines to 
start the second cycle of , testing. 

Screening in pots. Screening of individual
millet plants ill pots infested with Striga enables 
us to identify millet progenies with high levels of 
resistance. Highly-resistant selections supported 
fewer emerged Strigu plants and survived, corn-
pared to susceptible ones which were heavily
attacked and killed (Table 24). The selections 
frol nbred 5258, 1449, 12627, and Serere 2A-
9 are the most promising. Sone of the selections 
from inbred 5258, P 449, and P 2627 also per-
formed well in field tests. 

Niger 

The 1984 pearl millet cropping season was beset
by drought in all tile locations we operated, with 
total rainfall only 30-50% of that expected.
However, these conditions provided an oppor-

Table 24. Resistance to Striga herionthica in 
selected progenies of pearl millet grown in Striga
infested pots, Kamboins6, Burkina Faso, summer19M. 

Mean Strt'a Survival 
ProgenM c;

plants pot - (%)2 

Inbred 5258-1-19-4-5 0 (0.04)' 100 
1)449-1-29-8-7 2 (0.41) 10
 
Itied 525,1--194-2 2 (0.49) 100

1449-1-29-8-5
Inbred 5258-1-19-4-9 2 (0.47) 1004 (0.66) 100
 
P2627-1-19-7-6 
 4 (0.66) 100
 
Sererc 2A-9-27-9-5 4 (0.67) 
 100
 
Scrcrc 2A-9-27-9-8 5 (0.73) 
 100 
12627-2-29-2-5 (susceptihle) 25 	 (1.38) 0
1)2627-1-29-1-4 (susceptible) 31 (1.50) 0 

SI 	 - (E.1I) 
plImt translorined

iants in p using loghe(xtW1ri1,)t
irentheses el..I)., number ufar 

2. 	Ntim ber ol millet plants sui\iIing to maturity as per
cenltage of total platits countcd at 41)days after so%,ing. 

Four pearl millet progenies with resistance to Striga /:crinonthjca growing in infected soil compared to asusceptible control (center), Kamboins6, Burkina Faso, summer 1984. 
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tunity to tezt the performance of our varieties in 3 years of multilocational trials coordinated 
under low rainfall conditions. by the Institut du Sahel. 

In the 19841MZAT, the ICRISAT/Niger 
Trials and Nurseries bred variety ITMV 8304 was the highest yielder 

(1278 kg ha-1) of all entries for the two Niger 
Three ICRISAT varieties, ITMV 8001, ITMV locations, Maradi and Sadoi,and it was signifi
8002, and ITMV 8304, bred in cooperation with cantly (33%) higher than the control, CVT, a 
INRAN research station at Maradi, have been variety released earlier by INRAN for general 
recommended for release to farmers in Niger in cultivation in Niger (Table 25). 
1985, based on their perfori iance in multiloca
tional trials. ITMV 8001 and ITMV 8003 have Plant Improvement 
been recommended for farmers' field trials or 
demonstrations in millet-growing countries of In order to maintain desirable variability while 
the Sahel in 1985, because of their performance avoiding inbreeding, we have formed four gene 

Table 25. Performance of entries in INIZAT, Niger, 1984. Means of Maradi and Sador (ISC) locations, average 
rainfall for the two locations 249 ram. 

I)ays to Plant F.arhead Grain 

Entry Source 
50r; 

Ilowering 
height 
(cm) 

length 
(cm) 

yield 
(kg ha  ) 

( of 
CIVT 

ITMV 8304 ICRISAT/INRANI 68 200 36 1280 133 
ITMV 8303 ICRISAT; INRAN 65 220 56 1210 126 
ITMV 8301 
INMV 8220 

ICRISATi INRAN 
ICRISAT, ABll 2 

67 
64 

220 
190 

55 
35 

1120) 
1100 

116 
114 

INMV 8240 ICRISAT ABUI 66 211 40 1080 112 
ITMV 8305 !CRISAT INRAN 66 200 39 1020 106 
IKMV 8201 ICRISAT, IBRAZ - 66 190 29 1020 106 
13MV 8301 ICRISATi ISRA 69 180 40 1000 104 

INMV 8210 ICRISAT'ABU 66 200 36 980 104 
IKMV 8101 ICRISAT IBRAZ 67 220 40 990 103 
IBMV 8401 ICRISAT/ ISRA 4 70 170 55 920 95 
INMV 8212 ICRISAT/ A1IJ) ,7 210 39 881 89 
11MV 8302 ICRISAT/ ISRA 72 200 57 771 8(1 

Contiols 
CIVT INRAN 69 230 58 960 100 
Souna Ill ISRA 74 200 57 730 76 
Local-Zanfarwa (Maradi) 71 211) 60 550 57 
Local-Zongo (Sador-) 85 250 70 630 65 

SE ±1.1 ±7.7 ±2.7 ±106 

Mean 69 205 46 980 

CV (%) 4 8 14 27 

I. INRAN = Institut National de laRecherche Agronomique du Niger. 
2. A13U = Ahrnadu Bello University. 
3. IBRAZ = Institut Burkinab, de laRecherche Agronomnique et Zootechnique. 
4. ISRA = Institut S6n6galais de Recherches Agricoles. 
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pools: African gero (INMG 1), lndiand, (INMG
2), d, derivatives, (INMG 3), and bristled head 
(INMG 4). This project was initiated by the 
ICR ISAT/ Niger Cooperative Program in 1979; 
a 5th gene pool, INMG 5 (thick-headed) was 
started in 1981. This project was successfully
completed in 1984. The gene pools were formed 
by grouping together genotypes possessing sill-
ilar head length and maturity, originating from 
similar agroclimatic /Ones in African countries 
and India, and allowing random mating. Seed of 
these gene pools and varieties deri'ed from them 
has been made available to pearl millet breeders
in Africa for evaluation and for them to use to 
derive varieties for their respective areas. Vane-
ties derived from these gene pools by gridded 
mass selection in the advanced random mating
cycles, have shown good performance in various 
national and regional trials. The performa rice of 
varieties ITMV 8001 and ITMV 8002 derived 
from INNMG 1, ITMV 8003 from INM(G 2,
ITMV8303 and [TMV8004 from INMG 3, and 
ITMV 8304 from INMG 5 is being further 
improved by recurrent selection with S, testing 
at Maradi and the ISC, Sador6. The most prom
ising Ss ale being recombined to reconstitute 
the respective varieties. 

In order to combine desirable characters of 
popular pearl millet landraces from Niger, geno-
types from other African countries and India,
and other exotic accessions, a large number of 
crosses and backcrosses have been made. Many
desirable segregants have resulted, and over 600 
lines at the F, to F, gen-ations have been 
selected. These lines are being used in testcrosses 
with the male-sterile line, 8 IA, to examine their 

potential as pollinators. Fron 59 selected 

inLreds (F 7), 11 synthetics \were developed dur-

ing the 1984 summer season, and they were 

tested in yield trials at Maradi and Sador6 in the 

1984 rainy season. Several of 
 these synthetics 
outyielded CIVT. The inbred lines involved in 
making these synthetics were also test crossed on81A, and evaluated at Maradi and Sador6. 
These lines will be retested in 1985. 

During 1984, an attempt was made to stand-
ardize the biochemical procedure for isolating
mitochondrial DNA (nit DNA) from pearl 

millet, in collaboration with the Biochemistry 
Department of Kansas State University, USA. 
This was to developa method foreasy identifica
tion and classification of different types of cyto
plasmic male sterility in pearl millet, similar to 
that used for maize and sorglhm. Although the 
study is still incomplete, preliminary results on 
quanti:ative estimation and elcctrophoretic 
analysis of the nit I)NA fron three pairs of A/ B 
lines are encouraging. 

Nigeria 

During 1984, the ICRISAT/Nigeria Program 
concentrated on the evaluation of materials 
developed in previous years. Varieties were 
entered in the national yield testing program,
and in joint trials with tile national millet breed
ing program, to evaluate promising new mate
rials from both prograis. All promising
\'aineties and breeding lines were evaluated for 
their reaction to l)M ,ergot, aind smut in disease 
nurseries at Institute forthe Agricultural 
Research (IAR) at Sariaru. 

Yield Trials 

National state trials, multilocational testing.
Three new varieties from the ICRISAT/Nigeria
 
program (ICNMV 8010, 
 ICNMV8012, and
 
ICNMV 8032 together with II other entries were
 
tested at 12 locations by state ministries and
 
other national agricultural institutions. At 5 of
 
tie 12 sites, the trials 
 were considered to have 
been satisfactorily conducted. At these five loca
tions, tie three selections performed well (Table
26). In trials over the past 3-4 years, 
ICNIMV 010 and ICNMV 8012 haveyielded the 
same or higher than the improved local control 
varieties. The National Institute is interested in 
using these varieties again in multilocational test
ing in 1985. 

ICRISAT/IAR joint national trials. We con
ducted three millet grain yield trials (AMYT I
84, AMYT 2-84, and AMYT 3-84) with the IAR 
and the Lake Chad Research Institute. The 
major objectives were to obtain a more reliable 
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Table 26. Top-ranking pearl imille varieties at five locations, National State Trials, Nigeria', rainy season 1984. 

Variety Trial location 
ranking Sa ila rl Kano Mani I)ain hail Damatrut 

I SE 1312 I('NMV 80101 ICNMV 8010 SE12105 SE 13 
2 ICNMV 18010 ICNMV 8012 ICNMV 8032 ICNMV 8032 SF 361 
3 GI)C Nig Comp SF 5 SE 360 I('NMV 8012 
4 SE 45 SE 2105 SE 2106 SF.2105 SE 2106 
5 Local S1: 2106 Gi)C .ocal INNM V 8032 
Trial yield 2410-1580 5260-4730 4100-3010 2320-1640 4270-3350 
range (kg ha- 1) 

I. From NationA ('ropping Scheme Report 1984. 
2. SY numbers are %,ariceisdeeloped [y ihe I0stitel t AgriculittrIResearch. 
3. ICNNIV nLmibers ae varietiLs deceloped by the IWRISA I Nigeria I'rogram. 

evalution of the newly-developed cultivars ICNMV 39, ICNMV 43, ICNMV 141, ICNMV 
from both the ICRISAT and IAR programs at 55, ICNMV 9, ICNMV 36, and ICNMV 32 
six representative sites in the millet-growing yielded as much as the Nigerian Composite. 
areas of Nigeria. and to facilitate more rapid There were no significant differences in yields 
transfer of the ICRISAT improved selection!; to between varieties at Kano and Ngala. 
the national system. 

The major problem common to all the experi- Disease Resistance Screening 
mental sites was bird damage, and the earlier
maturing entries were no.., badly affected. We work ol disease screening in collaboration 
Useful results were obtained from only three of with the IAR millet pathologist. We conducted 
the six locations, Kano, Ngala, and Samaru. screening nurseries under sick-plot conditions at 

Sanmaru. to thoroughly screen many promising
AMYT 1-84. Three ICRISAT varieties millet progenies and lines developed by the 
(ICNMV 119, ICNMV 46, and ICNMV 70 ICRISAT program for )M, ergot, and smut 
yielded as well as the controls and best improved diseases. 
national program entries at the Samaru and 
Kano locations. Five other ICR ISAT selections Advanced lines screening nursery. Of 50 varie
(ICNMV 10, ICNMV 37, ICNMV 12, ICNMV ties screened, 24 entries showed very low inci
40, and ICNMV 4 yielded a \vel as the national dence for the three major diseases, and 35 were 
program entries at Kano. There were no varietal rated low for I)M incidence. 
yield differences at Ngala. 

Selection nurser'. Out of 270 progenies evalu-
AMYT 2-84. There were no differences in ated, 124 showed low levels of all three diseases. 
grain yield among varieties at any of the three These progenies included: 52 base-parental 
locations. selections, 33 entries from the previous F, 

crosses nursery, 29 entries from pollen parent
AMYT 3-84 One ICRISAT selection selections, and 10 IMPS lines. 
(ICNMV 68) and two new IAR selections (SE It was encouraging to note that amidst high 
361 and SE 2106) significantly outyielded the DM,smut, and ergot pressures developed using 
Nigerian Composite at Samaru. In addition, infector rows and artificial inoculation, many 
eight other ICRISAT selections, ICNMV 72, lines showed resistance to these diseases. 
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Sudan 

Objectives of the program are to identify and 
develop new genotypes with high yield potential
and stability, resistance to drought, diseases,
insects, and birds, that call perform better than 
the existing varieties grown by the farmers. We 
are making selections for early maturity, head 
compactness, and bristledncss in brceding
genotypes. new 

Trials were grown at five locations-K aba (.'-l
Obeid), Western Sudan Agricultural ResearcL 
Project (WSARI)) Farm (Il Obeid). Kadugli,
Umm Rakuba, and Nyertete, representing
diverse growing conditions. Rainfall was far 
below normal at each location. lhie drought pro-
vided a difficult survival test for all otur expei-
mental material, the effect being particularly 
severe at our main breeding site, FI Obeid (1984
rainfall 142 rnin). 

Plant Improvement 

Inbreds and synthetics. We made 189 new var-
iety crosses by combining local and exotic acces-
sions representing disease-resistant, drought-
resistant, and latc-mat uring groups. Twenty-two 
were exotic , exotic, 36 local x Iceal, and 131 
local e:xotic. Crosses have been planted in the 
off-season nursery to advance one generation,

and their FVs \ill be studied in 1985. We evalh-

ated 127 F, populations, and selected about 
 13 

single plants from 55 crosses. Mansori, a local 

variety from eastern Sudan, and Bayuluda, a
local variety from southern D)arfur, appear to be 

good combiners, based on progeny selected from
crosses on 
 which they were parents. We studied
903 segregating prog;ic., ", F, Fs, and F,),
and five of them were found uniforI, high-
yielding, and agronomically desira tle. These 
have been selected for use in national trials and 
in our exchange nursery. Sevcnty-five of these 
progenies contributed to the selection of 13 1 
individual plants for fInture selection to develop
inbreds and synthetics. 

Hybrids. We evaluated five ICRISAT lines,
five male-sterile selections from Ex-Bornu made 

in 1983, and three male-sterile lines from
USAID Title XII Collaborative Research Support Program on Sorghum and Pearl Millet 
(INTSORMII1. Male sterile Ex-Btornn was 
found to be better adapted to local conditions. 
We made 63 hybrids, utilizing Ex-Bornu and .1
1623 as seed parents. These will be evaluated in 
1985 to iden tify elite restorers and maintainers. 

Populations. Our earlv-maturing bristled pop
illation with a mean grain yield of 186 kg ha-1 
performed better than anv material grown on the 
WSAP farim this year. We selected 298 plants
to improve this popultion for uniformity in 
grain arid gl re coloUr. Ss will be produced in 
the off-season nursery. The mean grain yield of 
tie selected plants was 135"'1 higher than the 
mean of the population. 

Fifty-one plants were selected from a i1ul k 
Population for tie 3rd cycle of selection. The 
selected plants were superior for grain yield to
the MC2 bulk by a margin of 270(%'. Two local 
varieties frn southern I)arf-r, Wad El I ahaw,and Kori, after two cycles of selection are 7-10 
days earlier than the original population and are 
- ow free of shibras. Kori wasC, bulk found 
significantly better than the Kori C, bulk for 
head number, grain yield, and total dry matter. 
Kori C. bulk yielded 19('imore than the original 
population. 

We planted 875 accesions of local landraces 
and evaluated the progeny, recordingagroniomic
 
data on 361 
 entries that survived to maturity. 

Trials and Nurseries 

We grew two Pearl Millet National ' rials
(PMNT8Aand 813)in 1984. In PMNTSA,seven 
entries, ISMI 8401, ISMI 8402, ISMI 8407.
 
ISMI 8409, ISMI 8410, Bulk 
 Population MC,

Bulk, and Bristled Population MC,Bulk, 
were 
found promising and have been selected for re
evaluation. InPMNT 813 at Nertcte, ICTP 8202 
gave 3(% grain yieldmore than the mean of 
Bayuda, the local control. Other entries from 
PMNT 813 selected for re-evaluation in 1935 were MC-P8003, ICMV 82111. IVC-P8004, and
ICMS 7817. Bristled Population and ICTP 8202 
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Table 27. Pearl millet nurseries grown in Southern African I)evelopment 
countries,main croplping season, 1984/85. 

Trial, Nursery 

Synthetics 
Elite varieties 
Hybrids 


populations 
IDisease-resistant lines Populations 
Inbreds 

(Ciliplasm accessions 
A and B lines (l'iftonh (Corgia) 
\ and B lines and populations 

(Kansas State tniversity) 
\'arieties fromn Hlrkina "-aso 
INtA I 
Pearl Millet !{xchmnge Nursery 
IPMAT 

No. of 
entries
 

Coordination Conference (SAI)CC) 

ILocations, 

77 Matopos, Ailchy, Sthele, Ngabo, Ilamholo
 
I8 Nttopos, Aislehv Kaoina, Ngahu, Ilamholo
 

24 Matopos, Aishl-hv"; bel. Ngabu, lltiholo
 
32 Matopos, Aislby. ;chclc. Ngahtu, Ilambolo, Kaioma 
38 Matopos, Aislehy, "elet. Kaoina. Ngabu, flambolo 

621 ticatopos. Kaoma, Aislcby. llan holo 
1521 Matopos, \islchy, (scbi, Kaomia. Ngahu, llambolo, Sebele 
5(0 Matopos. Aislby, Katona 
40 Nlatopos. Aislcbv 

14 Matopos, Ailet.'v
 
16 Matopos, Aisley. Kaoina
 
75 Matopos,.Kaonma
 
24 Ma topos, KaIla
 

I. Sutaion locations: Sabele. Htofs%%ana: Ngahu . Mla L Ilam oloti. l n/aniaiKamr . Zamhia; .isiet'. Cisehi an Ntopos, 
Zinmbahe.
 

Technicians working wsith the SAi)('('/I('RISATI' program bagging heads of the first pearl millet trials grown at
Bhulawayo Sewage Farm, Aisleby, Zimbabwe, 984.I 

I '' ~" '
~ N'- ', ,,I I 
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his country dur
ing the 1983/84 crop season. The results (,I'theand Seminars 1983 Eastern Africa Cooperative Sorghtmi 
Regional Trials (EACSRIT) were presented and 

Pearl Millet Scientists' Days discussed. 
The major reconincnd:hions of the workshop 

l)uring the first week of April, pearl millet were to combine several cooperative sorghum 
scientists met for 2 days at ICRISAT Center. regional trials in eastern Africa and to initiate in 
About 35 pearl millet scientists from the Indian 1985 a special regional sorglium screening 
national program attendd the meeting together nursery of breeding lines fron ICR ISAT Center. 
with 14 scientis: from ICRISAT. This was the Elthiopi SAFGIRA I) ICR ISAT (Kenya), 'an
first time a Scientists' l)Day had been organiied to /ania, arid Uga inda. The proceedings of this 
show cooperating scientists the dry-season millet meeting are available from the SAUG RA),/ 
crop and to give them a chanr rce to select mate- ICRISAT Regional Office, Nairobi, Kenya' The 
rials inthis season. The event provided oppor- 4th Annu lIRegional Works;hop will be lield in 
tunity for interaction and discussion of coraln U01ganda in 1985. 

Workshops, Conferences, the sorg'hrrm and millt- work in 

iJ 

needs and problems among scientists. and for
 
national programn scientists to select ICRISAT
 
lines and breeding mraterials. Regional \Vorkshop on Pearl Millet
 

Improveenlt inWest Africa 

Entomology Working Group 
This regional workshop, sponsored by ICRI-

A one-day working group meeting for entornol- SAT, was held at ISC, Niaiey, 31 August to 4 
ogists in Niger was sponsored by the ISC in September. The main objective was to bring 
Niamey, 27 April. It was attended by partici- together all scientists working on pearl millet 
pants from ICR ISAT,INRAN, and tile Coinit6 improvement in nationaI and regio al progrlans 
Permanent Inter-Eta ts de liutte Contre la S6clie- inWest Africa, and to review curren: pearl millet 
resse dans le Sahel (CIISS) Integrated Pest improvenent research in the region. The work-
Management Project. shop also provided an opportunity f'or particr-

Collaborative research on pearl millet pests pants to fa ruil ia rite themselves witi the 
was discussed and the meeting developed plans objectives of ICRISAl's regional research oti 
to conduct a multilocationa trial on Raghti'a pearl millet improvement. 
alhipumi'ell at five locations in Niger. A total of 29 research workers from Benin, 

Burkina IFaso, Cameroon. Chad. Gambia, 
Third Regional Workshop of the Eastern Ghana, ISC, Ivory Coast, Mali, Niger, Nigeria, 
Africa Sorghum and Millet Improvement SAFGRAI), Senegal, Sudan, and Togo 
Network participated. 

The program reviewed the role ol national and 
This workshop was held at Morogoro, Tanza- regional organizations and ICRISAT/'UNP)P 
nia, 5-8 June 1984. There were 30 participants, country programs. Topics of special interest 
half of them from the host country, and others including tne conduct of exchange ntrscries and 
from Ethiopia, Kenya, Rwanda, Somalia, yield trials were discussed, and the participa fits 
Sudan, Uganda, and Yemen (PI)R). All partici- visited the ISC Research Station at Sador'6 and 
pants were active workers in sorghum and millet tile INIRAN Research Station at Kolo. 
research. Twenty papers were presented, seven Tle workshop participa rits made several 
on different aspects of the Tanzanian national recommendations for pearl millet breeding in 
sorghum improvement program, the remainder the region: they advocated a multidisciplinary 
by country representatives who each reported on approach to millet improvement, breeding 
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adapted varieties, the improvement of local pop-
elations, and inprovement of grain qualit to 
include consideration of physical Characteristics 
of grain. "he need to screen for resistance to such 
stress factors as dow. ll Ildce\, ,.'r Ira werflhll-
'-Iica, insects, aind drought os also clphiasibed. 

Participants indicated 'flt in association with 
tile national programs, ICR ISAI should play a 
key role in West Africa inl the e\ahation, main
ellaice, id cxch;nigei of genetic resources: 

orgairi/ationi of regionnal and inter-regional visits 
and( workshops: anid dissemiination and
exchange of current literature on pearl millet 
through tie Sorghumi aid Millet Inforrmatiori
Center. 

Working Group Meeting on ('ereal Nitrogen 
Fixation 

A working group nieetirg on cereal nitrogen
fixation was held 9-12 October at IRIISAT 
Center. Twcrity-one scientists representing 
ICAR, Indian univcrsitics, and other (ioxerni-
merit of Indio research organi/at ions pa rtici-
paited ill the Iecting. togelher with sc\Cri 
members of ICRISAT stafl. Fighteen papers 
cove ring Cnrrenit research Widigs anid plans for 
future work by different research groups were 
presented in the main sessions. In addition to 
these working sessions, there were special ses-
siirs oil methods ofimeasuring nitrogen fixation 
associated with cereals, methods ofenunerating 
and quantifyihg ;iitrogern-fixing bacteria, and on 
cro p responses to field Ioct1latioti with 
nitrogen-fixing bacteria. In a concluding ses
sion. the participants enriplasiied tie need for 
more standard i/ed, uniforl techniques for 
quaritilicatioi studies, and more applied field
work at diffr'ent geographic locations. The 
also identilied otlher prioritx' areas for work oil 
cereal nitrogen fixation. lhe proceedings are in 
preparation and will be available from Informa-
tion Services, ICRISAT. 

SAI) C/I('RISAT Regional Workshop 

A workshop was held in Harare, Zirmbabwe. 
22-25 October, to make plans for work in 

1984/85 and to begin to generate information 
relevant to sorghum aid millet in the SAtDCC 
region. Sorghum aid millet workers represent
ig a range of disciplines from all SAD(I)C cotn

tries except Angola ald Swaa/fand attended. 
(ooperitors indicated the types of pearl Meillet 
nurseries and trials the, were interested in grow
ing during the 1984 85 mai cropping seasIn. 

Looking Ahead 

Physical stresses. Now that we have almost 
completed work on techniques to eviluate the 
ahilit , of seeds to germinate and emerge under 
sc'eral problem seed bed conditions, we will shift 

tlir emiphasis to using tlhesc techniques in the
breeding progranii. his wrill include both routine 
testing f lad\xniccdn aterials arid C\ ahating the 
response to selection for cnicr.crice in the corn
positc hreding pro icct. 

Work oni th nquieSo for post-cluer+Screin 
gence seedling sur\ival and growtl will con
tinuc. and whien feasible these techniques \il he 
ised to cyaltate brecding materials at the ISC. 

Furth'r emplsis in drought research will be 
on stress duriug flo\ering and grain filling. 
wvhich has a nnich greater effect on grain yields
than preflowering stress. Initial investigatious 
will be on differences in ability to set grain under 
these conditions and un carhohydrate availabil
it\, for grain filling.
 

Biotic stresses. ILarge scale lied screening for
 
resistance to I)M, ergot, arnd 
 smut at ICRISAT 
Center, and for rust at l3havanisagar will con
tinue, although we hope to increase reIliabili ty
for rust screening at ICRISAT Center. Esta b
lishritent of reliable I)M screening in Niger will 
receive priority attention, and will involve 
sequential soving with pertfospray\ irrigation 
during both the rainy and off-seasons to deter
mine tile optimuml time of sowing to coincide 
with a good disease epidemic. In addition, DM
screening will also be attempted in the higher
ritinfall area of Ciaya and smut and I)M screen
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ing will be attempted under higher natural based techniques to quantify the differences in 
humidity in the Niger River valley near Sador6. nitrogen fixation associated with selected millet 

We shall continue to organize the Interna- cultivars. 
tional Pearl Nlillet Disease Resistancec Testing We will be st udyi ng the response of Millet to 
Program for I)MN, ergot, smut, and rust. How- inoculation with nitrogen-fixing bacteria at sev
ever, we arc likely to reduce somewhat the eral locations and the effects of organlic matter 
number of locations in India itnd we shall try to anlCIdmCnts on the inoCtlat ion responses. We 
increase the number of locations in Africa. We will also report the establishment and persist
hope to be able to identify the I)N reaction types ence of inoculated flit rogeii-fixi ng bacteria ill the 
of more African pearl millets in West Africa and field. 
use this information to include more African We will continue field and pot tests on the 
pearl "..i!.",ts in our nItltilocational testing. We efficiency of VA N1 isolates collected from Rajas
anticipate initiating a disease niurse ry at several than. We will seek fturther confirmation of geno
locations in southern Africa. type differences in response to VA NI inoculation 

Studies on pathogenic variability of the I)il in the field. Studies .)n the role of VANI inoeula
fungus and Imechlanismis of resistarle, to ergot tion in better utili/atior of rock phosphate will 
will be continued with our collaborators at tile be erphasi/ed. We hope to stlrve. pearl millet 
tniversity of Reading, and Imperial College, grovling in the SAT regions of \Vest Africa for 
U K. Ba sic Studies on va rioiUs aspects of the biol- VANI status and for plant and soil phosphorus 
ogy of tile four diseases will continue at ICRI- content. 
SAT Center, and an elfort will be made to 
produce sporangia for field inoculations at ISC. Plnt improvement. iriphasis o.; genetic

Strategies have been developed with breeders resotrces utiliatiori will be increased. Acccs
to more f'tillv utilize identified sources of'disease sioris \withI high seed mass Will be fed back into 
resistance in the breeding progra i. Atterpts to tie lrge-seeded gene pool, which will he 
sttdy inheritance of' resistance to diseases will ifinprved by iiass selection to generate mate
continue at ICRISAT ('enter. rials for use in breeding progra ms at ICRISAT 

We will initiate studies to dvelop stable and ('enter aid elsewhere. Stable souices of' very 
reliable techniques to ensure high stem borer and high I)N resistance will be exploited ill tile 
ea rhead caterpillar i nfestations to sctr-en large genetic diversification project. New sources of 
pearl millet collections. We will use these studies m.or d\wa rfirig genes will be introduced into 
to identify aid titilize head characteristics that breeding materials.
 
are vital in determining tolerance or resistance. In breds identified fr )III various breeding pro
and to screen a larger, and more representative jects as having shown \cry'high general combin
collection of Af'rican geriplasi accessions. We ing abilit v will be crossed witIi existing 13lines.
 
vill also undertake more deta iled studies on tile Sinut-resistant lines will be utilized to breed
 

biology and ecology of lthe earhead caterpillar to sruItt-resista nt, malc-sterile 1ities to di\'ersify tile
 
determine tie key factors related to cessation of genetic base of tle rmle-sterilI prograi. Iigh
pnpa l diiapa usc, aid sti bscqneit moth erner- yielding d dwarf populations will be utilized as
 
gence. We also plan to make a detailed ivenitorv sources of long heads (tip to 36 cm) in male
of parasites and predators of both pests, possibly sterile breeding. N utation breeding, both cyto
with the assistance of a collaborating institute plasm ic and genetic. will be used il tile
 
specializing in such studies. niale-st.rile breeding project.
 

Mole emphasis will be given in the pollinator
Microbiology. We will continue outr Ion-tern projec-, to using high-yielding progenies from the 
nitrogen-balance studies ii the field with millet population improvement project.
and forage grasses to estimate the amount of We will continue to conduct IPMAT, partici
nitrogen fixed. We will also continue to use 15N- pate in the AICNI IP testing systen, and distrib
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ute annual nurseries containing elite breeding 
materials. Seed will be supplied worldwVide and 
relations strengthened with SAI)CC countries 
and INTSORMIL. millet researchers. 

We will begin selecting For smut and rust res-
Jstancc in the population improvement project 
and \vill
begin work on ergot resistance. We will 
investigate lutrther procedu-es for making pol-
lation varieties, 

At the ISC evaluation of new accessions col-
lected in ('anlcroori. Sierra I.one, Zambia. and 
Zimbabwe \iIllbe undertaken. Generation of 
new\variability using adapted parental naleriail 
will continue. Selected progenies will be used to 
forin synthetics and suiperior population progeri-
ies to constituite varieties. Work on hybrids and 
the identification of new maintainer lines xvill 
COrtilltle. We will continue to cvaluate yield 
trials and exc ingC nurseries originating from 
IWRISA IC(enter, the lCWRISAT West African 
Programl, and national prograls in the region. 

Screening techniques developed at ICRISA I 
('enter 'or seedling establishment under drought 
stress and tuldel high soil temperatures will be 
tested further and appropriate modifications 
\will be nade to enable iargc-scalc screening of 
breeding material for better csta blsh nierit tinder 
Salielian conditions. 
InSenegal in 1985. tile ad'anced vield trial 

with newx entries \will be initiated incollaboration 
with the ISRA Millet Prograni. Selected syntliet
ics and hiyurids will be mtiltilocationallx evalu

nimproxed xversions of!I 13 
8004 and Son na I1Iwiill be compared xx'ith origi-
nal bulks. The 401 inbred lines tested in 1984 will 
be re-evalutated to characteri/e morphological 
traits. The inipro\eicrnt of Il1MV 8401 through
limited backcrossing wvill continue. 

continue 
millet national trials. Bristled Population MC, 
Bulk and KTP 8202 will be inclUded in tile on-
farni testing program of 1985 in different millet-
groxing regions of tile country. Multilocational 
trials, evaluation of bre..'ding materials, and pro-
geny testing xxiii continue. Researcher-riiaiaged 
on-farm trials xxill be conducted xvith selected 
material. 

In Sudan we \xill to conduct pearl 

The Niger national program will be assisted by 

ICRISAT to multiply pearl millet varieties 
ITMV 8001, ITMV 8002, and ITMV 8304, 
recommended by INRAN for release in Niger in 
1985. Furthermore, the Instittut du Sahel will be 
given technical assistance in their efforts with 
demonstration trials in fIariners' fields of ITMV 
8001 and ITMV 8003. We hope to improve the 
perfor ance of these varieties and otheis by 
selection to eliminate poorer plants within their 
populations. 

In Nigeria. a nUmLlbCr of riewl-dcxelopcd 
selections, from both the IWRISAT and IAR 
programs deserve, and \ill recei\c serious con
sideration by tie national program possibleas 
alternate \aricties to tihc Nigerian (Colprosite 
aid;llor possible replacement x'arietics for .x-
Borrli and the World ('omposite. Most of the 
new I'RISAT experimental xarieties have 
adxt'avntages of earlier maturity, shorter plant
 
height, and more productixe tillering than the
 
currerit impro\ed varieties. A better and reliable
 
testing system wxill to determine the
be sought 

potential of tlhese nex selections.
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Our principal objective continues to be the mold did not appear. But severe salinity prob
development of improved cultivars and genetic lems caused high plant mortality, making it 
stocks of desi- and kabuli-type chickpeas capa- impossible to analyze most of our experimental
ble of higherand more stablevieldsinall types of results. Heliothis sp populations were below 
cropping systems. normal and caused only slight damage at the 

During the 1983'84 ciopping season, our podding stage. 
activities continued at three main locations, In Syria. the winter was dry and warm, total 
ICRISAT Center (18" N, 7801-, 800 mn mean winter rai,ifall (200 mm) was 30'i less than nor
annual rainfall), on short-duratWi .1 desi types: mal, which adversely affected growth of the 
I-Iisar (29°N, 75°F, 450 mm annual rainfall), in winter-sown crop and also caused a decrease in 
cooperation with Ilaryana Agriculmral Iliiver- the area of" spring-sown crop. Drought condii
sit' (HAU), on long-duration desi and kabuli tions furtherextended intothcspringaidCaused 
cultivars; and at Aleppo (36°N, 371E, 340 mill more yield reduction in spring-sow!; than in 
annual rainfall), Syria, at our sister institute tile wiriter-sown chickpeas Because of the wide-
International Center for AgricultLnraIl Res'arch spread drought many ofour trials were affected, 
in the Dry Areas (ICARIDA), on kabulli types for and in some, n valid dIta could be recorded. 
winter or spring sowing in the Mediterranean I'hiesc trials will be repeated in 1985. 
region, and South and Central America. 

Our subsidiary testing centers iriclded Gwal
ior (26°N, 78°1-) in central India, and for off- Physical Stresses 
season advancement and multiplication, 
Tapperwaripora (34°N, 75'0F) in Kashriiir, Drought Tolerance 
northern India, Sarghaya (36"N, 36' E), Syria, 
Terbol (340 N, 360 F), Lebanon, mnd Islamabad. Chickpeas are generally grown on stored soil 
Pa:istan (34°N, 73°F). We acknowledge the moisture in the semi-arid tropics (SAT) and are 
contributions of the many cooperators who have subjected to varying degrees of soil and atnios
made it possible to increase the numler of inter- pheric drought during the growing sea;on. 
national trials and nurseries distributed during I.imited rains during the crop season to some 
1984. extent reduce the intensity of soil drought. In 

In India, where chickpea is only grown in the some areas, such as the SAT parts of peninsular
postrainy season, 1984 was not so favorable as India, chickpea growth ad yield is severely res
1983. At ICRISAT Center, rainfall in 1983, tricted by lack of water. Alleviation ofthis stress 
though above average, continued into October by irrigation more than doubles chickpea yields 
and early November, hampering seedbed prepa- (ICRISAT Annual Report 1978/79, p.123).
ration and causing considerable delay in sowing. Where irrigation facilities are limited, increased 
Plant stands were reduced by collar rot and fusa- and stable yield levels can be achieved only by 
rium wilt making interpretation of data difficult the selection and breeding of drought-tolerant 
in several experiments. theliothissp infestations, cultivars. We screened a large number of new 
although less than in recent years, caused some chickpea accessions at ICRISAT Center for 
damage to the crop at the podding stage. drought tolerance in nonreplicated field trials 

At Hisar, rainfall during the growing season this year. The drought tolerance index was con
was lower than normal. The winter was very cool puted by adopting a regression approach (ICRI
and dry, so ascochyta blight and botrytis gray SAT Annual Report 1979/80, pp. 82-84). We 
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selected 12 susceptible, and 12 tolerant geno-
types and tested them for d rotught tolerace in a 
replicated trial on a Vertisol and ain Allfisol at 
ICRISAT Center. We measured distinct geno-
typic differences. [here was a similar separation 
of the most tolerant and the most suscepti hle 
genotypes on Vertisols and Allfisols. )rought
toleranrce was not associated withI low nea n yield 
because tie nonirrigated yield of'the most toler-
ant genotype ( 1lO0 kg ha 1)was comparable to 
that of, Annigeri, tle best-adapted cultivar ofthe 
region. Sone of the promising genotypes will 
now be tested in yield trials in \erltisol fields
differing in soil depths and waler-holding 
capacities. 

Germination from Limited 

Seedbed Moisture 


One of tile major reasons for lo\ yields in 
f'tinlers' fields is poor and lioltlliforin plant
stands. This problem isprintarilycaused by non-
germinatiorl o viable seeds due to insufficient 
soil moisture in the seedhed. We have pre\iously
described a field method to screen for chickpea 
gcltotypes that have a greatcr-tlhan-aicrage ihil
ity to gerrnmaMte from seedbeds withI receding soil 
moisture (ICI'RI.SAl Annual Report 1983. 
p.122). We screened 100 genitypes by this
 
method. using differeit sowing dates to create 

different initial soil-ritoisture contents it the top

It)cut of soil. Ihere was less emergence at lower 

soil-rioistrire le\Cls lahle I). lhe ariiotlit of[ 

loistunre in the top 10 ill of soil accounted for 

9g('( ) tyie varia.ility i1 pkint SLIMd. We 101111d 

gent~ypic- differences associated 
 \%ith Ihis response and further sttdies are in progress to 

relate plant-stand establishment to yield. 


Low-Temperature Tolerance During
Flowering and Pod Filling 

In regions where night temperatures are hlw dur-
ing t!' flowering and pod-filling stages of chick-
pe de elopment, such as in northern India, 
flo%\e:s abort and no pod set occurs (ICRiSAT 

Table I. Effwct of different initial soil-moisture 
contents at 0-10 cm soil depth, created by sowing 
at different times after irrigation, on chickpea
seedling emergence (1%) at 16 days after stving
(I)AS) on a Verlisol, l('RISAT ('enter, 1983/84. 

Sowing
date 

S(1iI moisturi 
at sowing ( ) 

Seedliig 
emergence ( i 

30. 12. 83 24.5 87 
I0. 1.84 24.3 86 
24. 2. 84 21.6 72 
21. 84 20.6 57 

SE +0.22 +2.9 
I. A\ erage fr I00 gernmrv.pCs. 

Annual Report 197,-79, p.120). We ha\e identi
fled lines in breeders' segregating populations 
which set pods at sluch low night teniperalures. 
lowever, these gentotypes are not good aglro

rioriic typesaind produce \cry hIo\ yields. Weare 
in\ incorporating ihis cold-tolcra nce clriaacter 
into suitable agrorronliC bckroui0lt)ds. 

Biotic Stresses 

Diseases 

Sur'evs 

We contiined disease surveys in Nepal, Pakis
tan, UISA, and parts of India. li Nepal. botrytis 

y'iTe .i'vgl-, 5' mold (i.olrv ) was ver Com1ml11on1 

iii 1m1.wr of the chickpea areas, especially Mvlere
chickpea was grown after lowllrnd rice. Rust
( 'romces.ciucri.%-urietiui) \was important in 
chickpea gro\\li in submnontane areas, \ icreas 
wilt (Iusui-ubun +.1-V'ruum, f.sp ciceri) was 
observed ;t a low frequencyV. Stunt (pea leaf-rollvirus) was observed at I'akhrlihas. )istrict 
l)hank ut. Nepal. In Pakistan, unlike tie past 

three seasonls, we did noIt observe arny natural
incidence olascochyta blight (.,h ochI/a raqbi)
in fatarne rs' fields. I lo\wver. stntlllt. wilt, and root 
rot pathogens. in that order, were im portant in 
chickpea trials at experiment stations and in 
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farmers' fields. Salinity was important in Sind single plants. We evaluated almost 400 F4 and 
Province wherever the water table was high. In more-advanced generation lines/bulks in nor
the USA, a severe attack ofascochyta blight was ial fields, and selected 277 single plants and 97 
observed in patches in a farmer's field near Gene- lines; the most promising of these will be t,:sted 
see, Idaho. Damping-off (1.'rthiun, ultiimum) illreplicated trials next year. 
was common at the Central Ferry Research Froin preliminary and advanced yield trials, 
Farn near Pullman, Washington. InI western 10 entries (Table 2) will he contributed by ICRI-
India, Stunt was tile most i:-nportant disease fol- SAT to tile International Chickpea Screening 
lowed by wilt. The incidence of stntitwas unusu- Nurseries (ICSNs) and oile to the International 
ally high (-30%) in northern India. Chickpea Cooperative Trial (ICCT). 

Fusariun Wilt (Fuisarium o.Kxvsorlnt f.sp Inheritance studies. We confirmed our earlier 
ciceri) observation (ICRISAT Annual Report 1983, 

p.124) that a 3rd independent dominant gene
Screening for resistance. We continued to coiifers late wilting in cultivar II 208. Studies of 
screen a large nuniber ofgenotypes and breeding tlie association offlower color with \v :reaction 
materials for wilt resistancec ill a wilt-sick plot. Of to race I of .ox.r.orutm f.sp cicerishowed that 
the 361 new germplasm accessions screened, 16 at least one of the loci governing flower color 
lilies had -.20( i iltincidence. Two kabliIi lines, was independent of two of the loci conferring
ICC 5363 and ICC 11195 were found promising wilt resistance, and that the locus for flower 
in the 2nd year of screening. color segregated independently of flower 

We conti rmd resistance in 70 wilt-resistant nmnber per node. 
lilnes, identified through field screening, by pot 
screening in iascrecihouse. We have now identi- Biology and epidemiology. Fu rther Studies 
fied a total of 128 wilt-resistant lines, including indicated that .o.\vslorutm f.sp cicerisurvived 
58 lines identified earlier. for 72 months illsoil illwhich stubble from 

wilted plants was btried in March 1978. The 
Breeding for fusarium wilt resistance. We fungus obviously survived for more than 6years, 
made 26 crosses between wilt-resistant and but we have now terminated the experiment. 
short- and long-duration desi and kabuli culti- \e began a study oi ruechai isni(s) of resis
vars. We attempted I I backcrosses to transfer lance to chickpea \%,ilt. Root exudates from wilt
wilt resistance to ILC 482, lLC 484, and other resistant cliickpea, plants inhibited spore
released Indian cIt,liva rs of short, rued iturn, anrid geriniation in I. ox)-sy ritin t.sp ciceri. Further 
long duration,. work is ill progress. 

At ICRISAT Center. we screened 52 F, popu
latiors anrd 2326 populations inI Other Soilborne DiseasesF progenies a 
wilt-sick plot and selected 1300 single plairtsand 
182 progenies. We evaluated over 500 F., and Screening for multiple soilborne dis
more-advanced generation lines ill nornial plots: eases. Wilt-resistant gcermplasrn accessions, 
792 single plants and 105 lines were selected for breeding lilies, and lines received from our coop
further testing. We attempted to conpare a total erators in India wcrc screened at ICR ISAT Cen
of 144 wilt-resistant desi and kabuli lines in repli- tr inra plot containing the folloiing pathogens, 
cated tests, but tie plant stands were so severely iii order of prevalence: /Fo.vY.Vorum tsp ciceri, 
affected by Sch'rotiam roll h'.that tle results R/hizoclonia haialicola. ,S(ch'rotiim ro/Sii, 1. 
could not be analvzed. All the trials will be somi,and R.soltlli. 
repeated in 1985. Nine wilt-resistant gerriplasm selections idcn-

At Hisar, we screened 24 F,s and 318 F, proge- tified in this trial were also resistant to multiple 
nies/bulks inwilt-sick plots and selected 1500 soilborne diseases. Of the six selected lilies that 
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Table 2. Characteristics of promising wilt-resistant desi chickpea lines in trials at ICRISAT cooperative
research centers, Hisar or Gwalior, 1983/84. 

Line/Cultiwar 

ICCX 790068-291)-113-1- P-13'-13IH 
ICCX 761889-131-B -51--BH 

ICCX 752306-2P-lP-BP-lH-BH 


Control 
H 208 


SE 


ICCX 752243-4H-21--13H-2H1-1 


Control
 
H 208 


SE 


ICCX 750736-15lH-13P-1P-B3H 

ICCX 76 006 8 -IOP- IP-2P-BT-BH 

Control
 

H 208 


SE 


ICCX 780215-67T-2p-lP-1PP 

ICCX 780215-67T-1lP-1P-BP 


Control 
H 208 


SE 


ICCX 750954-2H-P- IP-2--13P 
ICCX 7 5 0744-13H-13H- P-2H-H 
Control 

H 208 


SE 


showed potential resistance to both Heliothis 
and wilt, three showed <10% mortality from 
wilt and root rots. Eleven kabuli lines were res-
istant to wilt and root rots. 

Ascochyta Blight (Ascochyfa rabiel) 

We continued screening for resistance to asco-
chyta blight in isolation plant propagators in a 
greenhouse at ICRISAT Center, and found the 
29 lines reported resistant at ICARDA to be 

Days to 50% 100 seed mass Seed yield 

flowering (g) (kg ha-') 

69 
76 

13.7 
10.6 

1670 
1680 

80 12.7 1600 

72 11.4 1570 
+1.6 +0.36 +135 

87 13.4 1180 

76 12.7 410 
+2.0 +0.97 +164 

84 12.1 1550 
80 14.7 1650 

73 12.5 1270 
+2.0 +1.45 +154 

72 12.1 1440 
76 11.3 1310 

73 12.6 670 
+1.6 +0.93 +145 

96 16.5 1600 
84 13.5 1460 

77 13.8 830 
+1.3 +0.51 +199 

susceptible. Further, all chickpea accessions 
with resistance to the other diseases tested were 
also susceptible to ascochyta blight. Work on 
this disease by our scientists at ICARDA is 
reported elsewhere in this report. 

Breeding for resistance. We made 18 crosses 
between ascochyta-resistant parents and long
duration cultivars. Sevmznteen F, populations 
from earlier crosses were screened by ICARDA 
in Syria and 13 populations in the joint HAU/ 
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ICRISAT ascochyta blight screening nursery at Hisar where incidence in the susceptible controls 
fisar in India. Fs and more-advanced genera- averaged 84% (range 61 to 100%). 
tion progenies were also screened and advanced Of the 339 new gernuplasin accessions tested 
at HAU. Punjab Agricultural tniversitv (PAU), for stunt resistance, only one (IC( 1556) 
and Himachal Pradesh Agricultural Ulniversity remained free from stunt, five ( ICC 114. 959, 
in northern India. Resistant plants were selected 1165, 1187I and 1592) showed . 10 .,14 showed 
at all locations and advanced to the next 20%. and the rera ining 319 showed .20(j 
generation, stunt. Only one (I IC 183) of the 35 accessions 

with moderate resistance to ascochvta blight 

Botrytis Gray Mold (Borytik cinerea) showed, 20' stun nt: the remainder \\,ere moder
ately to highly susceptible. O the 15 accessions 

We continued to screen germplasi accessions with moderate resistance to ascochvta blight and 
with known resistance to other diseases inl isola- hotrvtis gray mold, onl\ one ( IWC' 8383) showed 
tion plant propagators, but did not find any that 10('i stunt. ()f tile 144 accessions lines with 
were resistant. We ha'e identified 28 lines with resistance to wilt, one (I'('C 10466) remained free 
moderate resistance to botrvtis gray mold from stunt, three (1('(" 3354, I(I l014. and 
through laboratory screeningat I(CRISAT C'en- ICCI, 812.,i4) showed - 10"I. and nine sho, ed 
ter during the last 2 years. Oft hlese, the 16 (ICC 20"1 stunt" all tile remaIining 131 were highly 
121, 1069, 1084, 1093, 1102, 2165, 3540, 4014, susceptible. Of thc 97 entries in the lnternational 
4055, 4063, 4065, 4074, 4075, 6671. 8383, and ('hickpea Trials. two (ICCI. 83406 and ICCI . 

ICCI. 80004) that were screened in tile hotr\tis 83428) remained free from stIlit aId one (ICCI. 
gray iold nursery at l-aitlngar (I8liar I'radesh, 82403) showmed I0('i stunt. All tie entries show-
India) were found field-resistant. ing' 20('' stunt will be "ctctcd during the corn-

We continued to s-reen chickpea accessions ing season. 
and breeding material for resistance to botrvtis 
gray mold in the nursery raised in collalboration Breeding ;or resistance. We screened 222 : 
with scientists at the (.ll. Pant University of and 156 F, to F-(,progenies bulks in tile stunt 
A\griculture and Technology at I)altnagar. f nursery at IIisar and selected 166 single plants. 
the 2000 accessions screened, 159 were resistant Twenty-thre of the most promising lines w\'ere 
and will be retested during the next season at bulked for testing in replicated trials next year. 
Pantnagar, and also in isolation plant propaga
tors at ICRISAT Center. Nematode Diseases 

Breeding for resistance. We screened 30 F,,56 Survey of chickpea fields at I('RISAT Cen-
F., and 41 F4 populations of earlier crosses ter. We investigated five Vertisol fields at 
between botrytis-rcsistant lines and adapted cul- ICR ISAT Center for the presence of plant para
tivars. We selected 43 F'I. and 37 F4 bulks for sitic riniatodes, and found cyst ( IIth'ero 'ra 
yield evaluation and single-plant selection. cawani and Ih'eromera sp), lance ( Ihqholdaimt.N 

seilhorsti), lesion (tratm'c-hls sp), reniforrii 

Stunt (Pea Leaf-Roll Virus) ( lot'/cnchidus rciif'ornis),spiral ( 1h1licoyhn/e
chuis indicus arid II. rv'Ilstls), anrid stunt ("l'vh'n-

During the 1983/84 season, we observed a high chorhnuchis sp) nenatodes. These genera are 
incidence (>30%) of chickpea stunt in farmers' proven pathogens o'various crops and can cause 
fields in northern and western India. In our opin- considerable yield losses. In Vertisol fields artifi
ion this represents an alarming increase in the infested . ox* Eorunciceri,cially with f.sp 
incidence of a disease that has until now been where chickpeas had been grown in the pos
considered economically unimportant. This train\, season f'or the past 5 years, but which had 
increase was also reflected in the stunt nursery at been fallow in the rainy season tor the past 10 
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years, nematode populations were low, except
for an unidentified species of It'erodh,ra. Nema-
tode populations were highest in fields in whichsorghum and various other crops had been 
grown during the past 5 years. The unidentified 
cyst nenatode found on one Vcrtisol field is
different from those previously reported on 
chickpeas, and efforts to identify tilespecies are 
in progress. 

Multiple disease resistance. Identification of 
sources of multiple disease resistance has been 
one of tile objectives of chickpea pathology at 
ICR ISAT. For three seasons now, lines we haveidentified as resistant to wilt (. o.\N"v/ortmn)arnd 
root rots (R. ataticola, R..%olni, S. rofiil, and 

. solail) have been screened against ascochyta
blight, botrytis gray mold, colletotrichuni blight, 
and stunt. Table 3 shows the progress in tile 

identification of multiple disease resistance in 
the 1983/84 season. 

Cooperative Disease Nurseries 

International ('hickpea Root Rots/Wilt
Nurser), (ICRRWN). The 75 entries in the 
1982/83 ICRRWN were sent to 25 locations in 
18 countries. Results are reported in Pulse 
Pathology Progress Report No. 33, copies ofwhich, along with other program-level publica
tions, are obtainable from the Pulses Improve
mcnt P'rogram, ICRISAT. 

International Chickpea Stunt Disease Nursery
(ICSI)N). The 20 entries in the 1983/84
ICSI)N were sent to ten locations in six coun
tries. Results are reported in Pulse Pathology 
Progress Report No. 38. 

Table 3. Multiple-disease resistant lines of chickpea up to 1983/84 season. 
Lines with combined resistance/toleranee to 

Three diseases
 
Wilt, dry root rot, and black root rot 

Wilt, dry root rot, and stunt 

Two diseases
Wilt and dry root rot 

Wilt and black root rot 

Wilt and botrytis gray mold' 

Wilt and stunt 

Wilt and ascochyta blight'

Wilt and sclerotinia stem blight' 
Botrytis gray mold and ascochyta blight-
Ascochyta blight and stunt 
Botrytis gray mold and stunt 
Dry root rot and stunt 

I.K = Kabuli. 
2. Resistant to the ICARDA Ascochtia rahici isolate. 
3. Tolerant to the Hisar isolate. 

Line number 

ICC 12237, 12269
 
ICC 10466
 

ICC 925. 11315, 12241, 12257, 12268, 12270,
 
12271, 12273, 12428KI, 12430K, 12435K 2, 

12437, 12444, 12450, 12454, 12460, 12467,
 
12472
 

'CC 11313, 11316, 11317, 11320, 11324, 12236, 
12237, 12239, 12242, 12245, 12249, 12255,
 
12-56, 12258, 12259, 12269, 12274, 12275ICC 1132 1'ICCL 80004 

ICC 3354 
ICC 3935 
ICC 858, 959, 4651, 4918, 6671, 6680, 8933, 9001 
ICC 1069 
ICC 6931 ILC 183 
ICC 8383 
ICCL 81014 

4. Tolerant to the Indian Agricultural Research Institute (IARI) Ascochyta rabici isolate. 
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Breeding For Multiple Disease Resistance 

Wilt and root rots. To incorporate root rot 

resistance inlto Annigeri, we screened 149 F3 pro
genies in the multiple soilhorrnc-disease screen
ing nursery at ICR ISAl Center and selected 215 
single plants for further screening. 

Wilt and ascochvt blight. We made 31 single 
and 49 three-way crosses between wilt and 
ascoch\'ta-resistant parents, and adapted desi 

and ka buli cultiVars. 
Nineteen [I,and two F, poputlations ofca. liel. 

crosses \\,ere screened in a wilt-sick plot at ICRI-
SAT ('Center and their respective I-'and IF 
single-pod descent bulks will be screened in the 
ascochlva blight nurscrr at IIA 1, l[isar. '1V 

Wilt and stunt. We crossed ICCC I(0a cultiVar 
found resistant to stunt and \wit, with the high
yielding north Indian cultivars, Pant (i114, GIi,, 
769, GC 588,. 1 75-35, and G(iN 146. 

Ascochvta blight and stunt. We grew 10 F:,s ; I 
from crosses involving ascochyta- and \'ill- llelotlus arinigera aftlicking chickpea. Our strins 
resistant genotypes at ICR ISAI Center and %lim+ed this isthe nitor pest in chickpea-groming 
screened 20 F, populations illtie stunt nursery areas in Southeast Asia. 
at Hisar, where 242 single plants were slectcd 
for screening in the ascoch\'ta blight nursery. 

widely-encountered insect pest on chickpa 
Ascochyta hlight in( bolrytis gray mold. At crops in all the areas \c visited. but its popula
lisar, two replicated trials comprising 69 F3 tions were \ery variable. Many farmers' fields 
bulks were adversely affected by salinity and w\'ill were virtually free from infestation while others 
be repeated next year. [hi rteen F, bulks of suffered severe daniage. In southern India,da in
crosses, earlier found promising under natural aging infestations occuTrred during both the 
ascochyta and botrvtis epidemics were grown at veget:tive and podding stages of the crop. In 
tlisar and 542 single plants selected. northern India this pest was of importance only 

during tile podding stage. In general there were 
Ascochyta blight, wilt, stunt, and hotrytis gray fewer attacks oil the crop in 1983 84 than in 
mold. We made ten crosses to combine resis- recent years. 
tance to all four diseases and 15 to the first three Infestations of other insect pests \%,ere spo
diseases listed. radic and locali/ed. As in most years, there were 

reports of (]amage by the cutworms (.,lgrotiv 
Insect Pests spp) from low-lying areas in central India. In 

some areas of northern India there \were unusu-
Surveys ally large invasions of .,hiL cr'ccivora. 

lh'/iothi." arlfc'ra was the only insect pest 
Heliothis armigera was, as usual, the most noticed on chickpeas duringa tour of Southeast 
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Asian countries. In tie chickpea-growing areas 
around the Meditereanean, the leaf miner, (Liri-
oinza cicerina), is usually the most damaging
insect pest, but it appears restricted to Europe
and western Asia. 

Heliotfins armigera 

Ilost-plant resistance. Although the incidence 
of this pest was relatively low at ICR ISAT Cen-
ter in 1983/84, particularly during the podding
stage of chickpea, tie open field host-plant re-
sistance trials were again very successful. Our 
resistant an( susceptible selctions were clearly
distinguishable during both the vegetative and 
podding stages. 

Selection work on chickpea has now entered a 
new phase. In the first few years, work concen-
Crated on the available geripla:;ni accessions
and we screened more than 12500. Subsequently 
we confirmed resistance of sevt ral selections ina 
series of replicated tests over several seasons. 
Some of' these selections have been successfulIy
tested at several locations. These resistant geno-
types were passed on to breeders who made 
crosses that were intended to intensivfy the avail-
able resistance and to coinhie it with other 
useful traits. 1In 1983, 84 the screening work 
switched almost entirely to tie segregating pro-
genies produced from the crosses. II addition,
all advanced genotypes from the breeding and 
pathology subprograms are being screened in 
the pesticide-free area at ICRISAT Center to 

ensure that ICRISAT does not unwittingly pass 

on any genotypes that are highly susceptible to 

insect pests. 


The search for resistance to 11. armiqera has 
been most successful in short-duration geno-
types that are well adapted to southern India. 
The longer-duration genotypes that thrive in 
northern India do not yield well at ICRISAT 
Center, even though they suffer little pod dam-
age. This is because !t. armrera populations are
generally low in late February when such geno-
types form pods. Consequetly the screening of 
long-duration chickpeas has not been very suc-
cessful at ICRISAT Center. Attempts to screen 
for resistance at Hisar have been thwarted by a 

series of crop failures, caused by diseases, 
weather, and salinity. However, some long
duration genotypes, originally selected at ICRI-
SAT Center, including ICC 10243, were found 
to retain their resistance and yield well in trials at 
Hisar in the 1983/84 cropping season. 

Breeding for resistance. We continued screen
ing material against th'liothisboth at ICRISAT 
Center and at Hisar. We made 67 crosses involv
ing new sources of resistance with the established 
short-, medium-, and long-duration desi and 
kahuli cultivars, and also a n g the confirmed 
resistant lines to accumulate resistance genes.
These crosses included two diallel series, one 
each of desi and kabuli types in addition to a line 
x tester for the kabulis. We also made 13 crosses 
to incorporate wilt resistance into the Il'iothis
resistant lines.
 

The two 1 diallcl studies of' 5 
x 5 and 4 x 4 
among adapted, borer-resistant, and susceptible
desi parents of short duration confirmed again
that 'ariation for borer danmage was predoini
nantly additive. H-owever, in tile 5 , 5 kahuli 
diallel study, nonadditive gene effects seemed to 
be more important. 

We screened 28 F, and 6 F, populations, and 
1542 short- to niediun-dtiration F to F, progen
ies iii the pesticide-free area at ICRISAT Center. 
A total of 978 F4 to F, long-duration progenies 
were grown under similar conditions at H isar. 
We selected 1340 single plants and individually
bulked 37 superior progenies at ICRISAT Cen
ter, arnd also selected 1056 plants and 46 progen
ies at Hisar. Since most of the theliothi.s-resista nt
 
lines are susceptible I'usariunto .o)xs i Iruni f.
 
sp ciceri, we screened one set each of F, and F4
progenies in the wilt-sick plot at ICRISAT Ccn
ter and only F, progenies at Hisar. Most of these 
succumbed to wilt but we selected 150 plants
from the 105 surviving progenies at ICRISAT 
Center, and 140 plants from 92 progenies at 
Hisar. 

The short- and mediuni-duration lines bulked 
at ICRISAT Center w\'ere tested for yield perfor
mance in the pesticide-free area. Their yields and 
Heliothis damage percentages were compared
with resistant and standard controls. Two short
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duration lines gave higher yields than ICC 506, to row. This is of importance in developing a 
the highest-yielding resistant control. These lines methodology to screen single plants from segre
were also less damaged by Ih'liothis. In the gating populations for resistance, particularly 
mediurm-duralion trial two lines also outyielded where oviposition nonpre!erence is involved. 
K 850, the standard control, and showed sub
stantially less lh'liothi.s damage. The resistant Aphis craccivora 
control 7341-8-13-PP-EB had low damage but 
yielded poorly. This was the first such trial con- This aphid species has been determined as the 
ducted on lines from the resistance breeding pro- major vector of pea leaf roll virus that causes 
gram. 'Ihe significant positive corrdat 1ins in stunt disease in chickpea. Tie disease has been 
damage between the i".and F, generations tested recorded not only in India, but also in most other 
in the two consecutive crop years, 1982/83 and countries where chickpea is an important crop. 
1983/84, have fort her Cornfi ruiled the dependabil- This year there was ai unu,,ually severe inci
ity of our selection approach. dence of stunt disease at IIisar. IC R ISAT ento

mologists and pathologists initiated a joint study
Mechanisms of resistance. We continued col- of this disease and its vector there. Sticky and 
laborative studies with tile Max-Planck Institute water traps, developed following advice from tile 
for Biochemistry in Munich, Federal Republic University of Illinois, were placed in stu nt
of' German'. Tests in this \'ear showed leafCxul- susceptible chickpea plots surrounded by, and 
dates of plaits grown at ICRI SAT Center were inter,:pe rsed with, a variety of other legumes 
generally four times more acidic than those of known to act as I. cr'civora hosts. Trap 
the samc genotypes grown at Ilisar. IHowever, catches showed that there wvere aphid dispersal
the Cx udatc aciditv of each genotype grown at flights fron early Noveriher, but with a large
both locations \was highly correlated. The pre- peak inearly )ecenber (Fig. I). IFront late 
vious observation that resistant cultivars tend to December to nid-March very few aphids were 
have more acid cxudatcs was gerue rally coo- caught in the traps but there was another peak of 
firmed, but there were several exceptions, so wc catches at the end of March. Observations on the 
suspect that other mechanisms are also involved legumes indicated that cowpea ( J'ignatnnguicu
inresistance. Field and laboratory studies coi- lata) was the major host for this aphid. Mung 
firmed that there is a riarked preference by the hean ( I"int'aradia:), urd bean ( I "m' runge), 
moths to lay their eggs on susceptible genotypes, and lentil (L ens cUinaris)also sustained large 
both during tie vegetative aind podding stages. populations of the insect. Aphids wvere found oti 
There also appeared to be a preference for tile some chickpea plants from tile seedling stage in 
pods of a susceptible genotype when these and early November, aind by the end of that month 
pods from a resistant genotype were offered to anost all tile plants tlhat we examined were 
Iarvac inlaboratory tests. Work on the cheui- infested. Stunt disease syriiptonis were noticed in 
cals involved if] chickpea resistance to Icliothis a few plants inearly November aid there was a 
has been intensified at the Max-Planck Institute. steady increase until M arch, when 90(.': of tile 
Ina field experiment, all larvae were removed plants showed synptoms. 

from alternate plants and alternate rows follow
ing counts at the end of each week. In these Integrated Pest Management 
counts there were no consistent differences 
between the numbers of large larvae found on In a series of trials at ICR ISAT Center this year 
the plants and rows from which the larvae had chickpea yield increases resulting from insecti
been removed 7 days earlier, and those on which cide (eidosulfai) use ranged fron 14 to 18%. 
the larvae had been left undisturbed. This was These increases w\,ere less than those recorded in 
good evidence that there was considerable move- most previous years, reflecting the relatively low 
ment of larvae from plant to plant, and from row infestations of /t.armigera ol the crop this year. 
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On the short-dturation cultivars, most of the cides are to be intelligently used as part of a pest
yield increase was associated with insecticide management package for this crop.
applied during the podding stage. II the longer-
 Stidies of the nat!.ilra showed rclaeneiniesduration cultivars, insecticidal protection during ti vel. low levels of parasitisn intiheII. armlwi~rathe vegetative stage was most productive as pest larvae collected from chickpea at ICRISATpopulations were low \vhei crops 01 this di1ia- Center this year. (alnypotix chlorideac was thetion wvere podding. most common parasite, being recorded fromAttempts to estimate the economic threshold 10.5(' of the small hlirvae collected. l)ipteranlevels of 11. arm ,era larvae by releasing knowni parasites. mainly (ur'elia il/ta, emergednumbers of hlirvae on each plant in caged from 
test 5% of the large la rvae. Observation; confirmedrows demonstrated the difficulties encountered that the proport ion of green larvae surviving onin such experiments. Only a few of tie larvae green plants were sign ifica ntly grea ter than thoseplaced on each plant could be found 2 weeks surviving on red-colored cluckpeas. Previous
later. Within one week of placing twelve 3-day 
 trials have showvri that predators, particularly
old larvae on each plant, 84(7 had disappeared. birds, eal substantially reduce the population,
Greater success was achieved when 7-day old of large larvae on chickpea (ICRISAl An riul llarvae were placed on tile plants, as tIp to 70%(of Report 1983, p.129). Green larvae feeding ohthese could be found a week later. We found no green plants appear to have a selective advantagesignificant differences in percentage pod damage in being less visible to predators.

or in yield loss among the treatments in which arange of two to twelve arvae were placed on Biological Nitrogen Fixation 
ea liplant. The percentage of pods damaged on
these artificially-infested plants ranged fi'rom 15 Rhizobiun Collection 
to 26% and the yield losses, when compared withpest-free plants, ranged from 0 to 24%. It is The ICRISAT collection continued to be aessential that we develop a methodology to source of strains for inoculant manufacturersdetermine economic threshold levels, if insecti., and research workers in India and elsewhere, 
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and we despatched 284 units of Rhizohium 
strains as peat inoculants or agar slopes, 

Nitrogen Fixation 

In collaboration with Rotharnsted Experimental
Station, UK, and the Regional Agricultural 
Research Station of .lawaharlal Nehru Krishi 
Vishw1 Vidyalaya at Morena, Mad hya Pradesh,
India, we carried out a 15N trial to estimate the 
contribution ,,fbiological nitrogen fixation to 
the total N harvested by the chickpea crop. An 
inocuIlated, high-nodulating chickpea culti'ar, 
K 850, was used as the test plant :md barley, 
linseed, and Ia noninoculated low-nodulating 
chickpea, (i 130, were nonfixinrg control crops. 
The native chickpea Rhizohim populati Illoniri 
the soil was - 100g-1 soil. We applied 15N-
labelled amnlitinl sulphate at the rate of' 
5.99 1 N atom excess (a.c.) to the test crop and 

21.986% N a.e. to the control crops on 4.5 miin 
tile 135 2 plot. We used the 'A'center of each m
vaIL, method to calculate the amount of N fixed 
by the test crop. Nodule number,nodule weight, 
and nitrogeri fixationi by K 850 at 58 davs after 
sowing (IDAS) was significantly superior to G 
130 (Table 4). Growth of G 130 was slightly 
better thaii that of K 850: this was probably (flre 
to its receiving more fertilizer N. 

The j-N-labelled plots were harvested at 97 
DAS. The nonlegumcs produced more dry mat
ter, utilized fertilizer N better. but accumulated 
less total N than tie two chickpea cultivars 
(Table 5). When used as nonfixing controls, bar-
ley and linseed gave similarestimates for propor-
tion and amount of N fixed by K 850 (Table 5). 

However, as G 130 was able to fix some N it 
proved to be unsuitable for use as a nonfixing 
control. 

Soil Moisture and Nodulation 

We conducted a pot study on the effect of'seven 
different levels of soil moisture on nodulation in 
an Alfisol and a Vertisol. Watering on alternate 
days to achieve a given moisture level was done 
by pouring required amounts of deionized 
water, determined by weight, into saucers placed 
below pots. Thus at each level we achieved a 
gradient of nioisture from the base of each pot to 
the seed surface. Gcrmination was poor at 12"1 
moisture in the Al fisol and very poor at 15",

2(%,and 25(i moisture il the \"ertisol. resulting 
in only 1-3 plants per pot in these treatments 
while most other pots had four plants per pot. 

Plants were harvested 32 l)AS. InI tle Alfisol. 
nodule riun ber arid mass increased with soil 
,Oist tire content, with [le largest inc rease 

occurring at tile highest moisture Iv\el (Iig. 2). 
In the Vertisol, al increasc ill these pa ra metcrs 
occtrred over t ,eitire soil moisttie r:irie 
examined. Itrieeds to be confirmed as to whether 
poor plant stand affected these parameters. 

Screening for Nodulation 
and Nitrogen Fixation 

From our field studies over several years and at 
different locations we have identified chickpea 
cultivars that are consistently high-or low-nodu
lating (ICR ISAT Anmual Report 1980, pp. 134
136). fHtowever, stiperior nodulation does iot 

Table 4. Nodulation and N2-fixation by chickpca at 58 DAS in 'IN-trial, Morena, India, 1982/83. 

Nodule Nodule dry N-fixation Shoot dry
number mass plant-' ( P M C2H niass plant-',
Cultivar plant-' (rag) plant-' h-1) (g) 

K 850 (inoculated.+ 10 kg N ha-') 35 87 5.5 8.5 

G 130 (noninoculated + 50 kg N ha-') 3 16 I. I 9.9
 

SE 
 +2.4 +10.9 +1.12 +0.66 
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Table 5. Total dry-matter yield and uptake of N and '"N by chickpea, linseed, :In barley at 97 DAS,
Morena, India, 1982/83. 

Total K 850
dry Total N Atom Fertilizer N content N fixed 

matter uptake % 1N recovery derived from by K 850Treatment (kg ha-') (kg ha-') excess (%) fixation (%)l (Kg ha-') 
K 850 
 2040 47 0.125 . l0 . 
(inoculated + 10 kg N ha-') 
G 130 
 2790 66 0.285 21 42 
 19.7
 
(noninoculated + 50 kg N 
ha-1) 

Linseed (50 kg N ha-') 3680 41 0.916 44 89 41.8
 
Barley (50, kg N ha-') 4960 36 0.809 35 87 40.9 

SE +265 +5 +0.027 +2.5 - -

CV(%) 19 26 13 23 

1.Calculated with reference to the respective nontixing control crops. 
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Figure 2. Nodulation of chickpea cultivar K 850 at different soil-moisture levels in an Alfisol (left) and a Vertisol(right), ICRISAT Center, 1984. 

necessarily reflect in greater dry-matter produc-tion and 75 DAS. Table 6 shows measurements takenor grain yield. Nodulation and nitrogen- at 45 DAS. K 850 had the highest and PCH 119 
fixing ability of five lines previously known to the lowest nodule mass, with the other linesdiffer in these characteristics were studied in intermediate. This was reflected in N contentsand culture using a nitrogen-free nutrient solu- and concentration in the whole shoot as well astion. Measurements were made at 15, 30, 45, 60, N concentrations in shoot tip samples. Nodule 
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Table 6. Nodulation, plant growth, N uptake, and %N inplant tissue of five chickpea cultivars :,45 DAS. 
Greenhouse pot experiment, ICRISAT Center, 1983/84. 

Nodule 
mass 

Nodules plant-' 
Cultivar plant-' (rg) 

PCH 119 29 56 
Annigeri 47 90 
G 130 24 99 
F 319-1 50 87 
K 850 54 136 

SF. +4.6 +9.() 

mass was positively correlated with shoot mass 
(r=0.51, P- 0.01), acetylene reduclion activity 
(r:0.39, P. 0.01), total shoot N (rz:0.71, 
PK 0.01), and N percentage in growing leaves 
(r=0.55. V,-0.01). Measuring the N concentra-
tion in growing leaves is a potentially useful 
nondestructive method of estimating N fixation. 
It could be used in screening segregating 
populations. 

Grain and Food Quality 

Cooking Quality 

We studied the effect of geographical locations 
op cocking quality of chickpea. Thirteen geno-
types (dosi, long-duration) of tile International 
Chickpea Cooperative Trial (ICC'T) gro\Nn at 
Hisar and Gwalior and I I genotypes (desi, short-
duration) of a similar trial grown at l)erol and 
ICRISAT Center during the 1982,183 cropping 
season were examuined for their cooking quality. 
Cooking time, water absorption, and the 
amount of solids dispersed in tile cooking water 
were determined in dhal samples (decorticated, 
dry, split cotyledons) of these cultivars. Dhal 
was prepared by soaking the whole seed in water 
at 5°C overnight and then manuially removing 
the seed coat. We observed significant differen-
ces inthe cooking time of these cultivars. Cook-
ing time, and the amounts of solids dispersed 
showed significant differences due to location in 

Shoot Growing 
dr, mass N uptake Shoot leaves 

plant- I plant-' N content N content 
(mg) (mug) (%) (%) 

830 24 2.56 5.72 
810 28 2.97 6.01
 
830 30 3.20 6.77
 
700 26 3.39 6.80
 

1040 39 3.56 6.75
 

+74 +2.6 +0.147 +0.134 

both tri .,-;. L.ocation ,cultijar interact ions were 
significant (P. 0.05) for cooking time. water 
absorption, and the amoutnt .4 solids dispersed 
for tile short-duration material. The interaction 
was also signific int (1 0.05, for cooking time 
for long-duration ,material . 

Large differences in the seed size and chemical 
constituents of these genotypes were also 
observed weri t0'. were gru \\'nat different 
locations. Location effects were significant for 
100-seed mass, protein, sugar, starch, ash, arid 
fat i.lthe case of long-duration desi genotypes. 
The average protein content of genotypes was 
26.7(', from Gwalior and 23.0"i from Ilisar. The 
average 100-seed mass was higher at Gwalior 
than at Ilisar, but higher values for fat and 
starch content were observed in samples from 
IHisar. 

Protein Quality 

Results of protein analyses and seed size met
surements of 95 lines grown in the last 3seasons 
at ICRISAT Center are summarized in Table 7. 
The average protein content of these lines was 
18.4C, in 198 1,20.5 in 1982, arnd 13.0% in 1983, 
whereas the average 100-seed mass was 14.5 g in 
1981, 17.8 g in 1982, and 13.4 g in 1983. The 
protein content was lowest in tile 1983 crop, 
ranging between I1.)and 22.3i. Individualdata 
for some of the control entries are shown in 
Table 8 to demonstrate the magnitude of differ
ences in protein content of these cultivars. There 



control cultivars included in Table 7. 

Days to 50% 
Ilowering 

Entry 1981 1982 1983 

G 130 
L 550 

73 
64 

84 
67 

65 
63 

GL651 
ANM 772 
T I A 
T 3 
Annigeri 
1-208 
Pant G 114 
CPS I 

74 
59 
64 
74 
53 
65 
73 
61 

106 
60 
67 
87 
5! 
85 
72 
67 

64 
59 
61 
65 
58 
64 
63 
58 

Mean 66 74 62 

was no signircant correlation (r =-0. 17) between 
seed mass and protein content in 1983. Analysis
of electrical conductivity in soil samples from the 
field did not indicate soil salinity. However, one 
possible explanation for the observed lower pro-
tein values might be the late sowing of these 
cultivars in 1983. This resulted in fewer days to 
50 flowering in 1983 (T.ble 7). Sowing timeand rate of maturation effects will be studied 
more critically in future, 

Plant Improvement 

Breeding Methodology 

We made a half-diallel set of six crosses to 
initiate fresh studies on the comparison of breed-
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Table 7. Ranges and means of days to 50% flowering, 100-seed rriss (g), and seed protein content(%) of 95 chickpea cultivars, ICRISAT Center, 1981-83. 
Days to 50% flowering 100-seed mass (g) Seed protein (%) 
1981 1982 1983 1981 1982 1983 1981 1982 1983
 

Range 49-88 51-117 56-66 
 7.9-32.8 11.1-37.7 7.0-28.5 14.9-27.7 17.1-28.2 10.5-22.3Mean 66.8 74.6 62.2 14.5 17.9 13.4 18.4 20.6
SD +8.7 +13.9 +2.5 +5.1 +5.9 
13.0
 

+4.4 +1.8 +1.9 +1.4 

Table 8. l)ays to 50% flowering, 100-seed mass (g), and seed protein content (%) of selected chickpea 

100-seed mass Seed protein
(g) (%) 

J981 1982 1983 1981 1982 1983 
11.3 13.4 10.5 18.2 19.0 12.8
19.4 22.7 16.5 16.1 19.0 12.2 
15.0 17.6 13.5 19.7 23.4 14.9
11.6 14.1 10.8 18.9 20.0 13.5
8.4 11.6 7.2 27.7 28.2 22.3

15.8 20.9 15.0 16.4 20).8 11.5
19.7 22.9 18.2 16.1 18.4 10.5
10.2 13.4 13.7 17.6 20.1 12.9
10.3 12.7 9.0 17.8 18.8 12.7
14.9 18.0 14.1 17.3 18.0 12.2 

13.7 16.7 12.9 18.6 20.6 13.5 

ing methods and selection criteria at ICRISAT 
Center. We screened in a wilt-sick plot and ev'al
uate! in normal fields F. populations of specific 
crosses macd earlier to combine characteristics 
of Annigeri (high-yielding and wilt-resistant),
K 850 (large seed and wide adaptation), .IG 62 
(high-yickling and double-podded), ICC506 E1 

(lh'/lothis -resistant), and ICCL 83151 (double
podded and wilt-resistant). We selected 160 
plants for intercrossing in the F3 generation. 
Four F~s of double cross combinations of single 
specific crosses were also advanced to the F,generation. 

We also cvaluated 156 1-: progeny bulks
selected from our earlier study of single, three
and four-way crosses; compared 25 lines in repli
cated yield tests; tested 46 F,-derived F- lines in 
replicated trials at ICRISAT Center or Gwalior; 
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and contributed fifteen lines with higher seed the main season, and multiplied seed of some 
yield than the controls (Table 9) to the interna- entries in the international trials and nurseries. 
tional chickpea screening nurseries. We also multiplied 87 F~s and 718 seed samples 

from ICARDA, Syria, during the off-season in 
Off-Season Nurseries the postentry quarantine isolation area 

(PIFQIA). Included were 522 F, progenies of F2 
At ICRISAT Center, we made 88 crosses to plants resistant to ascochyta blight, and 196 
obtain additional seeds of crosses attempted in ascochyta-resistant lines. 

Table 9. Characteristics of some promising chickpea lines in breeding-methodology trials contributed to 
International Chickpea Screening Nursery (ICSN), ICRISAT Center and Gwalior, 1983/84. 

Line/Cnltivar 
Days to 50% 

flowering 
100-seed mass 

(g) 
Seed yield 

(kg ia-i) 

F2 derived-lines trial 
- desi short duration (ICRISAT Center) 
ICCX 790025-1 IP-BP 49 17.5 1840 
ICCX 790001 - IOP-BP 54 18.3 1730 
Control 

Annigeri 53 19.6 1450 

SE +1.4 +0.42 +78 

Trial Mean 49 18.3 1510 

CV (%) 7 6 13 
F, derived-lines trial 

- desi medium duration (Gwalior) 
ICCX 780083-8G-BG-BG 64 18.4 1860 
ICCX 780578-2G-BG-BG 65 17.4 1800 
ICCX 780077-20G-BG-BG 67 15.6 1770 
ICCX 780073-7G-BG-BG 73 21.5 1700 
ICCX 780095-8G-BG-BG 65 15.5 1720 
Control 

K 850 80 25.3 1410 

SE +2.6 +0.62 +139 

Trial mean 68 17.0 1510 

CV (%) 7 6 16 
Breeding -methodology trial (ICRISAT Center) 

ICCX 790242-BP-BT-39P-BP 44 20.5 1560 
ICCX 790259-BP-BT-38P-BP 51 19.6 1560 
ICCX 790248-BP-BT-39P-BP 46 18.3 1500 
ICCX 790259-BP-BT-8P-BP 54 17.2 1560 
Control 

Annigeri 51 19.0 1330 

SE +1.0 +0.25 +61 

Trial mean 50 19.2 1330 

CV (%) 6 4 13 
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At Tapperwaripora in Kashihiir, 648 Fs, 6 
F2s, and 39 lines were grown to advance genera-
tions and multiply stocks, most entries produced
adequate seed quantities. 

Breeding Desi Types 

We made more than 300 crosses involving line x 
tester combinations of adapted, and new culti-
vars, and diallel sets among the new cultivars. 
Some were specifically short-duration combina-
tions for regions like peninsular India, while 
others were long-duration for regions like north 
India. Line x tester combinations were planned
to combine seed yield and wide adaptation in 
both short- and long-duration types.

We evaluated more than 12000 populations
and progenies at ICRISAT ('enter anid IHisar 
(Table 10). We advanced 405 FIs, mainly from 
tle line x tester and diallel series at both the 
locations, to identify high-yielding crosses and 
to get informa tion on the in he ritarice ofcliarac-
ters. These studies further confirmed that \,aria-
tion in yield aind its components ispredominantly
additive although nonadditive variation is also 
important. 

We evaluated 192 F, and 107 F3 early- to 
medium-maturing bu!ks in replicated trials at 
ICRISAT Center and Gwalior, and 209 F, and 
56 F, long-dt.atinn bulks at Hisar and Gwalior. 
Some of the Glk. performed well and signifi
cantly outyielded the controls. The higher-yield
ing F, populations have been advanced forfurther tests and the F3 populations for plant 
selection. 

At ICRISAT Center we sowed 7315 F4 to F,
progenies and at Hisar 3816 F, to F, progenies.
Progcnies wvi!h adequate seed inthe F and more
advanced generations were sown intwo sowings.
Onc iet of the progcniesat ICRISATCenterwas 
grown in the pcstiid--fcree areir, and at Hisar the 
sowings were done on different dates. From var
ious generations we selected a total of 5086 
plantsat ICRISAT Center and 3728at H isarfor 
further progeny tests. We also harvested537 
progeny bulks and the best of'these have been 
contributed to international nurseries, while 
those remaining will be tested in preliminary
yield trials in 1984/85. Nearly 170 gerriplasrn
and advanced-generation breeding lines were 
evaluated in replicated trials at ICRI SAT Cen
ter, Hisar, and Gwalior. From among the repli-

Table 10. Numbers of desi chickpea populations and progenies grown at ICRISAT Center and Hisar, 
1983/84. 

ICRISAT Center Hisar Total 

Generation 
F, 
F2 

F.3 
F4 
FS 

F 
F7 
FN 

1st 

sowing 
213 
192 

107 
393' 
2584 

1119 
2333 
959 

2nd 

sowing 
0 
0 

0 
320 
1369 

991 
2225 
865 

1st 

sowing 
192 
209 

212' 
798' 
1329 

650 
88C 
43 

2nd 

sowing 
0 
0 
0 
0 

1329 

650 
880 
43 

Ist 

sowing 
405 
401 
319 
1191 
39!3 

176P 
3213 
1002 

2nd 

sowing 
0 
0 
0 

320 
2698 

1641 
3105 
908 

Total 7900 5770 4313 2902 12213 8672 
I.320 progenies and 73 bulks. 
2.156 progenies and 56 bulks. 
3.756 progenies and 40 bulks. 
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cated trials conducted in 1983/84, 29 entries will types suited to late-sown conditions. This is so 
be promoted to international trials and nurser- that chickpea can be grown in rotation with rice,
ies. ICCV I (formerly ICCC4), which was earlier cotton, and other rainy season crops that vacate 
released for general cultivation in Gujarat State, fields late in the winter season. 
India, was approved by ICRISAT Plant Mate- A 6,9 line x tester F, study in our late sowing,
rial Release Committee for announcement and indicated a preponderance of additive genetic
registration notices. variance for days to flowering, seeds pod-I andBreeding Kabuli Types 100-seed mass, and nonaiddit ive genetic variancefor height, branches, pods, and yield plant-1.We 
We obtained six single and 15 backcrosses grew 901 F4 to F, progenies and selected 537 
between high-yielding and large-seeded culti- plants for furtherevaluation. Superior progenies 
vars. Poor growth prevented selection of any were bulked and maximum yields of 4020 kg ha-' 
single plants in the F, population of earlier were recorded in desi and 2520 kg ha-1 in kabuli 
crosses. From than F3 and more-more 1400 progenies. The highest-yielding 58 desi, and 23 
advanced bulks and progenies grown, we kabuli progenies will be yield tested next year in 
selected nearly 1600 plants and 80 for ourrows late-pla nted trials. The preliminary and 
further tests; the best 19 bulks will be tested in advanced yield trials of germplasm accessions 
replicated trials next season. We also evaluated and breeding lines conducted with desi and 
128 lines in replicated trials and selected the best kabuli genotypes gave encouraging results in 
for further tests. ICCC 32 gave excellent perfor- spite of the salinity problems at Ilisar. Th2 high
mance for the 3rd year in succession in the All est yield of 2666 kg ha-' was recorded in NEC
India Coordinated Trials and was identified for 989 compared to 1608 kg ha inil 208. Three of 
release in central India. Four lines, ICCV 2 our lines, ICCC 14, ICCC 41, and NIEX 989,
(ICCL 82001), ICCV3 (ICCI. 83006), ICCV 4 tocontributed the late-sown coordinated trials 
(ICCL 83004), and ICCV 5 (ICCL 83009) with last year performed particularly well in the east 
acceptable kabuli-type seeds, wilt resistance, and and northwest zones of India. They were 
short duratio.1 were. approved by ICRI[SAT retained in these zones for further tests. In col-
Plant Material Release Committee for interna- la,'ration with physiologists, 480 germplasm
tional announcement and registration notices, accessions were screened in our late-sowing 

trials and we identified a few superior entries for
Extending Chickpea Adaptation inclusion in preliminary yield trials in 1984/85. 

Early sowing in peninsular India. We could 
not sow in mid-September at ICRISAT Cent,-'r Plant Type 
as heavy rains continued till the end of that 
month preventing seedbed preparation. As a Tall, erect habit. Breeding for improved mid
result all materials, including F, to F, progenies, tall, erect, and compact genotypes continued. 
early-sown screening trials, and early- and We made 26 crosses at ICRISAT Center and 67 
normal-sown comparisons of previously- at Hsar to incorporate disease resistance,
identified lines, will be sown next season. -'ow- double-podded and multiseeded characteristics, 
ever, we did screen 410 F., progenies, derived and to improve the seed size of tall derivatives. 
from crosses between wilt-resistant and adapted We did not conduct any F, trial this year but 
genotypes, in the wilt-sick plot and selected 684 advanced 18 Fis in nonreplicated plots.
single plants for further evaluation under early- We grew 27 F2 populations and 780 F3to F, 
sown conditions. progeny rows at ICRISAT Center and selected 

1423 plants and 48 rows. At Hisar, we selected 
Late sowing in northern India. Our efforts at 1280 single plants and 10 rows from 27 F, popu-
HIsar continued, to identify and develop geno- lations and 2237 progenies. We conducted two 
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preliminary yield trials of the promising
advanced tall lines, oneeach at ICRISAT Center 
and Hisar. Because of the salinity problems at 
Hfisar, the collected data could not be analyzed.
At ICRISAT Center, however, the trial was 
good and a number of tall entries exceeded (he
yield of Annigeri as well as the best tall control, 
the top five are presented in Table 11. A multilo-
cational trial of promising tall lines was sent to 
ten locations in India. None of the tall lines gave
higher overall yield than the common control, K 
850, yet at individual locations some of the 
entries out-yielded the common and local con-
trols. We think the yield potential of tall lines can 
be further improved by improving their sink size 
through adding double-podded and multiseeded 
characteristics and increasing seed size. 

Double-podded and multiseeded types. Selection to combine double-podded and multiseeded 
characteristics with high yield and disease resis-
tance continued. We made 68 three-way crosses 
involving multiseeded, double-podded and wilt-
resistant, high-yielding, and ascochyta blight-re-
sistant genotypes. 

Table 11. Plant height (cm) and seed yield (kg

ha-') of five highest-yielding, tall chickpea

genotypes 
 compared with Annigeri and a tall 

control, ICRISAT Center, 1983/84. 


Plant Seed-
height yield

Line/Cultivar (cm) (kg hI-') 
ICCX 750016-42-1PIPIPpI P-I p 41.6 1410
ICCX 770909-BH-5H-IP-BP 37.6 1350 
ICCX 761459-6(H- IP-BP.Bp 54.7 1180ICCX 7 50 0 16 -3 3-IP-IP-IP-IP-BP 47.1 1160 
ICCX 7 6 12 93-I0H-IH-2H-2P.Bp 49.3 1130 
Controls 

Annigeri 22.6 8807 50 073-4-1P-lP-Bp 
42.4 810 

SE +1.25 +66 
Trial mean 40.1 996 
CV (%) 5 1 

Table i2. Number of seeds pod-' in early
developed multiseeded chickpea lines grown at 
ICRISAT Center, 1983/84. 

Multiseded line Mean SE 
. 1.79 +0.041 

13 1.84 +0.042 
24 1.70 +0.079 
28 1.70 +0.070 
46 1.84 +0.138 
49 1.63 +0.067 
59 1.76 +0.048 
60 1.85 +0.060 
62 1.71 +0.059 
66 2.03 +0.154 

Annigeri 1.18 +0.031 

We grew 29 F, populations in the wilt-sick 
plot, 12 F, populations, and 4212 F3 to F, pro
genies in normal fields at ICRISAT Center; and 
12 F, populations in the wilt-sick plot, 8 F?, 
populations, and 3205 F. to F, progenies in nor
mal fields at Hisar. All progenies were evaluated 
for their multiseeded characteristics and seed 
yield, and we selected more than 4300 singleplants and 54 rows from those combining multi
seeded or double-podded characteristics, and
 
having higher seed yields than the moving aver
ages of control cultivars. Of these, 16 lines were
 
contributed to ISNs.
 

At ICRISAT Center, 72 lines derived from
 
multiseeded pods i.. the previous years were
 
compared with Annigeri for their number of

seeds pod-i. Fen uniform lines, which produced
considerably more seeds pod-i (Table 12) than
Annigeri, were bulked for further studies to be 
conducted in collaboration with the physiologists. 

Cooperative Activities 

In 1983/84, there was a phenomenal increase in 
the number of international trials distributed to 
cooperators (Fid. 3). As in 1983, to meet specificsituations, material was grouped as short-, 

http:93-I0H-IH-2H-2P.Bp
http:IP-BP.Bp
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medium-, and long-duration. We continued to-
incorporate ascochyta blight resistance in long-
duration genotypes for the western secto,', and 
gray mold resistance in short-duration geno-
types for the eastern sector oft he Indian subcon
tinent. Unlike 1983, ther was no ascochvta. 
blight this season, hence no fear of spreading the 
disease through seed. We therefore distributed 
F, and F.3 trials of the long-duration category 
also. We additionally constituted a tall type mul-
tilocational trial that was distributed to nine 
northern Indian locations and also conducted at 

0. 

-

-

. 

L 

. - ' - ,, _ 

.

" 

U , 

Z-
UU 

ICRISAT Center. A 0 

Internation.Rl Trials and Nurseries 
0-

We distributed 195 sets of 14 different interna- C0 
tional trials and nurseries ofbreeding material to 
52 cooperators in 15 countries (Table 13). As in 
previous seasons, we noted that few F2 and F3 

segregating bulks gave significantly higher yields 
than the local and common controls at individ-
ual locations, although some were significantly 
better overall. In general, cooperators vere satis-
fied with the amount of variability in the segre-
gating bulks. 

In the International Chickpea Screening Nur-
series (ICSNs), many entries performed better 
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than the controls at individual locations. How- ' 0 o V C C: 0B. 
ever, the best yields overall were from ICC 11172 0 , 5 . ." 
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in short-duration, ICCL 82119 in medium-
duration, and ICCL 82435 in long-duration
nurseries. 


In the International 
 Chickpea Cooperative
Trial Desi Short-Duration (ICCTDS), ICCL 
81215 followed by ICCL 82127 produced the
highest seed yields and both were entered in All
India Coordinated Trials. ICCL 80107 gave the
second-highest yields in the International Chick-
pea Cooperative Trial Desi Long-Duration
(ICCTDI) and was also entered in coordinated 
trials. 

In collaboration with ICAR DA we continued 
distributing the chickpea adaptation trial for the
3rd year. Fourteen sets were supplied by ICRI-
SAT and more than 60 by ICARDA. Data have
been assembled for many variables for the 3 
seasons and have been entered into the computer
for analysis and assessment, 

Distribution of Breeders' Material 

We supplied seeds of 5464 samples of segregat-
ing populations and other breeding materials to 
cooperators in India and other countries in 
response to specific requests. 

Cooperation with All India

Coordinated Pulses Improvement

Project (AICPIP) 


As in the past, we again screened germplasm
accessions, entries from AICPI P chickpea vari-
etal trials, and breeding materials from AICPIP 

scientists 
 for resistance to fusarium wilt and

other soilborne diseases, ascochyta blight, 
 and 
botrytis gray andmold, communicated the 
results to them. 

The national uniform testing for chickpea wilt 
and root rots was jointly organized by ICRISATand AICPIP through the 3rd ICRISAT/ICAR 
Uniform Chickpea Wilt/Root Rots Nursery
(IIUCWRRN). The trial consisting of 60 entries 
(all contributed by ICRISAT) was conducted atII locations in India. The results are reported in
Pulse Pathology Progress Report No. 41. 

Out of the 18 entries in AICPIP trials in va
ious zones, ICCC 22 ranked 4th and ICCC 37
2nd in the Grain Coordinated Varietal Trial-
South Zone (GCVT-SZ) for seed vicd; ICCC40
finished 2nd the Initialin Grain Evaluation 
Tri:rl-Central Zone (GIET-('Z); and ICCC 36
3rd, and ICCC394th iI the Grain Initial \valua
tion Trial-South Zone (( IIET-SZ). Besides 
these, desi entries promoted or retained in differ
ent tjials were ICCC 27, 28, 29, 30, 35, 38, and P)
1329. Among kabulis, ICCC 32 performed bet
ter than the control, 1. 550 for 3 consecutive 
seasons. It was ident Ilied for release in the cell
tral zone of India and the seed has been sent for 
minIikit trials. ICCC25, 33,and 34 will be further 
tested in kabuli trials next season. Three entries. 
ICCC 14, 41. arid NFC 989, performed well in
the GIET late-sown trials and wvere retained for
further tests. Five ne\%lines, ICCC42, 43.44, 45, 
and 46 were contributed to coordinated trials for
testing in the 1984 85 season. In addition, se'eral entries contributed to AI('PIP trials by ouir 
cooperators arc selections from ICR ISAT materials Following the release of IC'C4 (IC('V I)
in (iuiarat, seedma nv requests were rcceived 
and met. We supplied 130 kg of breeders'seed of 
ICCC 4 to Gujarat State to supplement their 
multiplication program. 

Cooperation with ICARDA 
ICRISAT has stationed two chickpea scientists 
at ICARDA to work on kabuli chickpeas for
spring and winter sowing in the Mediterranean
 
region of west Asia, northern Africa, and south
ern Europe, and in the Americas. Most of the 
work reported hec was carried Out by them, in
collaboration with national programs and with 
chickpea scientists at ICRISAT and ICARDA. 

Plant Improvement
 

Ascochyta blight resistance is very important in 
the Mediterranean region and therefore efforts
have been directed towards the development of 
only ascochyta blight-resistant material at Tel
Hady.-. Lines that show high susceptibility to
cold, heat, iron deficiency, Orobanche sp, and 
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a better genetic background. Eight lines having
kabuli-type seed, early flowering, good seed size, 
and blight resistance have now been developed,
and used as resistance sources in the hybridiza
tion program. 

International nurseries and yield trials. The 
international testing program was initiated dur-
ing 1977/ 78. In the first year, 34 sets of2 nurser-
ie; were sent to 15 national programs; by 1984 
tLe number of trials we sent out had substan-
tially increased. Three hundred and seventy sets 
of 10 nurseries were furnished to 40 national 
programs, an eleven-fold increase over 1977 78.[en national progiams,Cy

Te ainlpoimCyprus, Egypt, Jor-dan, Lebanon, Morocco, Oman, Pakistan, 
Spain, Syria, and Tunisia have selected geno-
types from the international nurseries for on
farm trials or multilocational testing (Table 14).
 

ILC 3279 released for winter sowing in Cyprus.
Chickpea cultivar ILC 3279, a selection made 
from an introduction from the USSR, has pro-
duced consistently high yields in winter sowings
in Cyprus. This cultivar is highly resistant to 
ascochyta blight and tolerant to cold. it is tall 
and thus can easily be harvested mechanically. 
The national program of Cyprus has released it 
for winter sowing. 

Crossing program. During the 1983,/84 sea-
son, we made 401 crosses. Of these, 275 crosses 
were made to develop genetic stocks and cultiv-
ars, 90 crosses for the national programs of 
Egypt, Italy, Jordan, Morocco, and Tunisia, and 

ascochyta blight, fusarium wilt, and leaf miner. 
The majority of the crosses made this year were 
between lines bred at ICARI)A and gei tuplasni
accessions, a significant departure from earlier 
years when crosses w\'ere almost exclusively 
among germplasm accessions. The F~s were 
grown in the off-season in Sarghaya under 24 I 
of daylight to advance the generation. 

Segregating populations. The material from 
F, to 14 generations was grown during tie winter 
at Tel Hadya. The F, to F7 progeny rows were 
grown during both winter and spring zt Tel 
Hadya, Syria (Table 15). The selection criteria 

Table 14. Chickpea lines supplied by ICARDA 
and included in multilocational or on-farm trials by 
national programs, 1983/84. 

Country 

Cyprus 
Egypt 
Jordan 
Lebanon 
Morocco 
Oman 
Pakistan 

Spain
Syria 

Tunisia 

36 crosses 

Cultivar 

ILC 3279 
ILW 195, 482. 484 
ILC 484, 202 
ILC 482 
ILC 195, 482, 484 
ILC 3279, 80-5 
FLIP 82-8C, 82-52C, 82-69C, 

82-5C. 82-43C 
ILC 72,200
IL(' 72, 195,202, 3279, 620, 

629, FLIP1 82-64C, FLIP82-236C 
ILC 482 

for genetic studies on resistance to 

Table 15. Number of -hickpea segregating lines grown, single plants selected, and prugenics bulked at Tel
Hadya, Syria, 1983/84. 
Generation Segregating lines grown Single plants selected Proger.ies bulked 
F2 Population 242 5112
F,Progeny 23454927 

F4 Progeny 3164 1741 
F,Progeny 
 1998' 
 517

F6 Progeny 
 1860' 
 520

F7Piogeny 
 966 
 0 


I. Includes some progenies grown during both winter and sprinm, 

0 
0 

28 
97
 
44
 
21
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for material grown in F, through F4 included 
rogucing out phints susceptible to cold aid ir-on
deficIency, and selecting pints with resistNnce to 
ascochyta blliih, acceptaile sced quality, sqhot 
duration, and tall slature. Yield and adaptatioln 

to \sinter and spring sowing, were the main tri e-
ria f'orselection in the F, to I. gceneratins. 

Spring id ,,winter yield trials. .,\ total of 140 
newly-deVeloped lines were Calluited d urintig the 
\viiter and spring season.+ for seed vield at tel 
Hadva ' and lerbol: in spring only 14 lilies 
exceeded the yield of the locil cotlllol at lel 
Iladvi alld foril lilies exceeded the col lol at 

terhol (tablc 16). In the 'mntr planting. is 
many as 76 lilies a[ Idl I ladva and 31) lines at 
lerbol exceeded the control icld, bi onlvclLtI 

lines ill tel I ladva yielded significanlh' lllrt' 
than tile control. In contrast to the highcst yihed 
of 331 kg ha in the spring-so\sn trials at tel 
I tadya. Ihe top yield il Ihe\winter so\ trials was 
3070 kg ha , an eight-fold incrcse. .\t terbol 

soMIe entries produced more th in 3500 kgi ha i 

liarge-seeded fall chickpea. We ha\e bred 21) 
lilies that collbile large seed, high yiehd, atid 
blight resistance: the tell best are shiwn in table 
17. Irrespective aiict , ilelaiicedof their yield pert orfi lhc 
lilies comlibining large seed si/c alnd ascochvta 
blight rcsistalice cotuld go a long way toward 
introducing chickpea cult;\;ition during winter. 
andIhus tie prtspecl of increasing chickpea 
productionlIM hIisbIrightened, C\en ill SiCh NCti-
terranaian countries is Spain. 
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NelyIi-de, eloped, shurl-duration ktilbuli chickpea 
cultivir that is resistant to ascochi~ttblight,cold toler
at, arid lilrge-se1tedt. This cullivi'r is 11o5s in 

yield trials in Snria. 

A numher of' lilies with high yield, hMight re
sistance, kabuh-type large seed, and tall stature 
have been developed for the first tinie. The planlt 
height and 100-seed Iass of' I few lilies bulked 
last seasoll are shown in Iable 18. 

Table 16. Meantiield (ki ha-1) perforntince of 140114 nei% -deieloped cttickpet 
winter and spring¢, 1983 84. 

Locationi 

Et-Lries 
exceeding 
control 

Mean 
yield 

(kg ha-') SE 

Tel Itadya. Syria 
Winter 
Spring 

"o 
14 

1710 
120 

+386 
+89 

Terbol. Lebanon 
Winter 
Spring 

30 
4 

2150 
1400 

+532 
+325 

liles in Syria nl II.Lebllon, 

Range for highest
vielding lilies in 
trials (kg ha-') 

2360-3070 
151- 331 

t 880-3600 
1610-2100 



--- 

156 Chickpea 

'able 17. 100-seed mass (g) of some newly-bulked,
large-seeded, antd blight-resistant chickpea lines, 
Tel Iladya, Syria, 1983/84. 

Pedigree 100-seed mass (g) 
(....

I1C 112 x ILC 191 50.1 

ILC 191 x ILC 262 
 48.6 

ILC470 x ILC 2956 
 45.6 
ILC 3279 x 1lC 3355 46.5 


IILC 464 
 46.0 
ILC 202ILC L" 3355 43.8 
ILC 3279 x ILC 3355 43.9 

ILC 72 x ILC 1922 43.0

ILC 2956 xILC 3279 41.7 

ILC 202 x I-W 256 
 42.4
ILC 112 x ILC 191 41.6 

SE +0.71 

Mean 43.6 

Table 18. Plant height (cm) and 100-seed mass (g)of~i som
newly-buled 
 ..
of ne newly-bulked, tall, and blight-resistant 

chickpea lines, TeldIadya. Syria, 1983/84. 


Plant height 100-seed 
Pedigree (cm) mass (g) 

iLC6i7 i" X IC 6 329 -
IIC 610 x IL 72 65 32.9 

ILC 1920 x 11 2956 
 70 34.7
ILC 1920 x ILC 2956 60 32.2 

ILC 72 x ILC 482 
 60 31.6 
ILC 72 x ILC 482 65 32.2 
ILC 72 x 1LC 484 60 31.1 
IL' 72 x ILC 484 70 34.7 
ILC /2x ILC 484 65 31.2 
ILC 72 x ILW 73 70 38.0 
Control 


ILC 3279 67 27.6 
SE +0.78 +0.80 

Mean 62.7 30.5 

On-farm trials. On-farm trials were continued
by the Syrian Ministry of Agriculture, and 
ICARDA. These trials were conducted at 16 

locations with eight entries in winter, six in 
spring, and three entries conmmon to both sea
sons. i lC 482 was still the highest-yielding cul
tivar during winter sowing and the Syrian local
 
landrace maintained its yield s:uperiority in the
 
spring sowing (Table 19). Three cultivars, ILC
 
72, 202, and 3279, w'ere taller and thus more
 
suited for inechanical harvesting. Based on 3
 
years' data, II.C3279 was the 2nd highest-yielder
 

in winter, and because of its high blight resist
ance and tall stature, is under consideration for
 
release in Syria.
 

Diseases and their Control 

Disease situation in V'est Asia and northern
 
Africa. Ascochyta blight (.scoch'rta rahiti),

that caused serious losses in the region during
 
the past 3-4 years, was not such a problem this 
season because of tiledry weather. Ascochyta 
blight and chickpea production are both
 
dependent on the weather. When itis dry, there
is no ascochyta blight, hut the crop harvest isblight bndtle oht-rrvestanspoor. When the weather is wet, there is scope for
 
a good harvest, but the crop ismore susceptible
 

to blight. lhus blight control is essential to
 
increase and stabilize chickpea production in the

region.


Ascochyta blight was observed this yearin the
 

southern part of Tahrir province, in Egypt,
where chickpea is being cultivated under
 
sprinkler irrigation on newly-reclaimed desert
 
lands. This is the first report ofthe occurrence of
 
ascochyta blight in IEgypt and has now been
 
documented by Egyptian workers.
 

Isolations fro wilted plants from Tunisia 
and Syria revealed the presence of V'ricilliunm 
sp inaddition to /usarium o.x'.v1port1. 

A survey of plant parasitic nernatodes of 
leguminous crops inSyria showed that chickpea
is a host to 12 nematode genera. Of these Ih'er

odh'ra sp were extracted from 24%,b,ihfIoidogyne 
artieia from 12%i , and Pratith'ntchus /hornei 
from 60% of the collected samples, and appeared 
to be the most damaging nematodes. 

International Ascochyla Blight Nursery. Forty 
sets of 70 ascochyta blight-resistant lines were 
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Table 19. Mkean seed yield (kg ha-') of chickpea lines tested in on-farm trials at 16 locations, Syria, winter 
and spring, 1983/84. 

Winter Spring 

Yield Yield 
Entry (kg ha-') Rank (kg ha-') Rank 

ILC 72 1160 50 0 
ILC 195 1180 4 0 0
 
1LC 202 1130 7 0 0 
ILC 484 1410 2 0 0 
ILC 3279 1090 08 0 
FLIP 82-64 1150 6 700 6 
FLIP 82-236 1280 8103 5 
Control 
ILC 482 1450 I 850 3
 

NDI ND IILC 620 
 820 4 
ILC 629 ND ND 870 2 
Control 

Syrian local ND ND 920 1 

SE +135 +26
 

CV(%) 21 17 

I. ND = Not determined. 

supplied to 18 national programs mainly in west screenings, five lines, ICC 6988 (desi), and ILC 
Asia and northern Africa through the Chickpea 187, 202, 3346, and Pch 128 (all kabAli), showed 
International Ascochyta Blight Nursery 84 resistance or tolerance to the new race. 
(CIABN). The entries included 21 desi and 22 
kabuli germplasrn accessions, and 27 kabuli lines Durable blight resistance. In an attempt to
 
developed through hybridization. identify lines with durable resistance to blight,
 

lines were screened against different races of A.
 
New sources of resistance to ascochyta blight. In ra/uiei, under different regimes of relative humid
advanced screening of germplasm accessions for ity, and inocuLuI concentrations. The search for 
resistance to blight, for a 2nd year 9 new lines durable resistance was made amongst the lines 
were found to be resistant at two ICA R )A loca- identified as resistant to race 3, and those found 
tions in Syria (Tel l-adya and Lattakia)and one resistant in the multiple locations of the Interna
in Lebanon (Terbol). These lines were ILC 3803 tional Blight Resistance Testing Program. 
(kabuli), and ICC 4181, 4475, 8486, 9189, 9501, Of 30 such lines screened against 6 races, five 
9514, 12023, CAM 72, and 94 (all desi). ilnes (ILC 72. 187, 2506, 3856, and 3864) showed 

low disease severity compared to the susceptible
Sources of resistance to a virulent race of A. control ILC 1929. (Table 20). These lines also 
rabiei. We screened a total of 5000 germplasm showed low A. ra/'iei sporulation when inca
accessions, comprising desi and kabuli types for sured one month after inoculation in the seedling 
resistance to the newly-identified race 6 of A. stage. 
rabiei. Most of the lines resistant to race 3 The reaction of 10 genotypes to race 3 was 
showed susceptibility to race 6. In repeated studied at different 100% relative huntidi ty peri
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Table 20. Chickpea lines with low disease severity and fungus sporulation against six races of Ascochyta
rabiei, Tel Iladya, Syria, 1983/84. 

Blight severity' 

(enotype Race I Race 2 Race 3 Race 4 Race 5 Race 6 
ILLC 72 
ILC 187 
ILC 2506 
ILC 3856 
ILC 3864 

3 
3 
3 
2.5 
2,5 

.. 5 
3.5 
3 
3 
3 

3 
3 
4 
4 
4 

3 
3 
3 
4 
4 

3 
3.5 
3 
3 
3 

4 
3 
3 
3.j 
3 

Cont rol 
ILC 19292 7 9 8 9 9 8 

I. Ba sed on ai1-9 scale, where I = Io disease, 9 = con, phte deat h of plants. 
2. Susceptible. 

ods (0-30 days) and spore conicenitrations (0.05 
7.5 million fil.-') to identify lines resistant unader 
different conditions. The increase in 10(0"i rela-
ive humidity from 2 to 30 days and inoctlum 

concentration from 0.1 -7.5 million ml. I did not 
significantly change the reaction of ICC 3996 
(dcsi), Il.C 72, 187, 200, and 3279 (all kabuli). 

Blight severity and vielh Ioss relationship. We 
investigated the relationship between ascochv'ta 
blight sc'Crity (on a 1-9 scale) ;lil yield loss Illa 
field trial with 16 kabuli and 4 desi lines. Fhe trial 
was sown in the winter season at Fel I ladya it it 

Table 21. Ascochyta bli ght severity and yield loss relationship in kaluli and desi chickpeas, Tel Hadva,
Syria, winter 1983/84. 

Blight severity 
category' Plant type E-ntries 

Resistant Kabuli 
Desi 

Moderately resistant Kabuli 
Desi 

Tolerant Kabuli 
Desi 

Susceptible Kabuli 

Cv(%) 

I. Categories based on a 1-9 scale, where 1-3 

4 
I 
6 
2 
2 
I 
4 

split-plot design with genotypes as subplots and 
protected and diseased trcatmntents as main plots.
Our results indicated that the loss in yield of 
kabuli lines rated as rCsi .'alt i-3)or modCratcly 
resistant (4) is mitiumal bIt in desi lines it is 
substantial ( [able 21). 

In another trial \wc estimated tile vield loss of 
12 kabuli and 0 desi lilies asrated resistant or 
nmodera tely-resista lt. In kabuli lines rated as rCs-
Istant or moderately rcsisant, there was no loss 
in yield. in fact a slight increase was observed. In 
desi lines rated as modcr,itcly-resistant, the yield 
loss was substantial (Table 22). 

Yield (kg ha-') Yield loss 
Pir,ected Diseased (%) 

1440 
2250 
2160 
2200 
2540 
2640 
2520 

+! 14 1400 +114 2.8 
+228 1240 +228 44.9 

+93 2030 +93 6.2 
+161 1180 + 161 46.4 
+161 2040 +161 19.5 
+228 '360 +228 48.6 
+114 0 100.0 

15 

= resistant, 4 = moderately resistant, 5= tolerant, and 6-9 = susceptible. 
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Table 22. Estimation of yield loss (%) due to blight in resistant and moderately-resistant kabuli and desi
 
chickpea lines, Tel Hadya, Syria, winter 1983/84.
 

Yield decreiiseBlight severity Yield (kg ha'1) or increase 
category Plant type Entries Protected Diseased (%) 

Resistant Kabuli 5 1940 2050 + 5.6 
Desi 3 2290 2070 - 9.6

Moderately resistant Kabuli 1910 +7 1990 4.0 
Desi 3 2570 1500 - 41.4 

Susceptible Kabuli 1 2790 01 - 100.0 

SE for comparing:
 
main plot at same subplot level +254
 
subplot at same mainplot level +556
 

CV (%) 15.1 

I. Not included in calculation ofSE. 

Epidemiology. We continued for the 2nd year These conditions prevailed in the first week of 
a field experiment designed to study develop- February, 1984. 
ment of ascochyta blight in relat on to tempera
ture and relative humidity. The results of the Integrated control. We have attempted to 
1984 experiment were similar to those obtained develop integrated control of ascochyta blight. 
in 1983. Temperature and relative hmidity, We used fungicidal application in con junction 
both had an important influence on blight devel- with a disease-tolerant cultivar. Earlier tests had 
opment. Blight started building up rapidly when indicated that fungicidal sprayF used on a sus
the daily mean temperature roseabove 10°Cand ceptible cultivar are uneconomical; however, 
relative humidity remained above 60% (Fig. 4). they are economical if the cultivar is tolerant. 
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Figure 4. Ascochyta blight severity rating(11-9 scale) for three chickpea cultivars inrelation to temperature (o C) and 
relative humidity {RH%), blight epidemiology trial, Tel Hladya, Syria. 1983/84. 
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The results of a field trial conducted for the 3rd 
season using tolerant cultivar, II.C,482 with fol-
Jar sprays of ehlorothalonil showed that two 
sprays, one at the seedling stage and the other 
either at the early- or late-podding stages, pre-
vented any yield loss. Spraying " seedliirg arid 
carly-poddi rig stages significantly reduced the 
extent of pod infection (Table 23). Spraying at 
the e rly-podding stage also reduced the extent 
of seed infection. Spraying at seedling and pod-
ding stages alone did not increase yield. Intile 
earlier experinients itrespon.,;e wNas obtained to 
spraying at early-poddirig stage alone. Ihis sea-
Soil tie disease severit\ in tie vegeta ive stage 
was higher aid pod infection was lower than in 
previois yeais. The higher pod infection with 
spraying at the seedling stage, and seedling aid 
late-podding stages seemed to be due to earlx 
flowering of the crop illthose treatments that 
coicided with favotirahle conditions lor blight
infection. 

Effect of planting nietlhod and fungicidal seed-
dressing o.,, plant stand and yield. A field 
experiment to study the effect of ridge or flat 
planting and frngicidal seed-dressing on plant
stand and yield of chickpieas was conducted iri 
the spring season at Terbol in L.ehanon for the 

3rd year. The results of tie experiment con
firmed the earlier findings that ridge planting 
improves the stand and yield of spring-sown 
chickpeas and also fungicidal seed-dressings, 
such as captani and mctahilaxyl (Ridoriiil :)signif
icantly increase stands and yields (Table 24). 

lost range of cyst and lesion nematodes. A 
total of 46 crop species corinion to the Mediter
ranlean region were tested against cyst (Hetlerod
era sp), and lesion (lIralwIrchus thorlei) 
nematodes to determine their host range. We 
tested for tilec\st nematode illartificially-irn
fested soil in pots in a plastic house, and for 
lesion rieniatode ii a naturally-irfe.sted field 
plot. C'st nematode infestation was ohserved 
only on chickpea, lentil. l.at/s., peas, soy
bean, lupines, I'ha. dlu. heans, medics, and 
,etch indicating that its host range isconfined to 

legumes. Ilio\\evcr, it dlidl ot infest faba hean 
( I cia filha). The host ranrge of the lesion nema
tode was 'n uchl ider anIt i fesled legumrues,
cereals, and some crI,"lcilfos c'rops Ilowver, it 
did not infest l.athyr.s. 

Screening for resistance. In a preliniinary 
greenhouse evaluation, we screened 290 geno
types of chickpea using soil in pots artificially 

Table 23. Effect of chlorothalonil foliar sprays on ascochyta Might severity and yield (kg Ia-') of the blighttolerant chickpea cultivar iILC 482, Tel Hadya, Syria, winter 1983/84. 
Numl',: and Blight severity' on 
time t,spray vegetative parts 

No sprays 5.3 

2 sprays


SSZ+ EPS 3 
2 sprays

SS + LPSI 4.3 
Complete

protection 3 

SE +0.3 

CV (%) 13.2 

I. Based on a 1-9 scale, where I =no disease, 9 plants completely killed.
2. SS = Seedling stage, EPS = Early podding stage. LPS = Late podding stage. 

Yield Days to 50% 
(kg ha-') flowering 

1570 127 

2600 124 

2260 125 

2330 127 

+195 +0.6 

16.9 0.8 
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Table 24. Effect of planting method and fungicidal seed-dressing on plant stand and yield (kg ha-') of 
chickpea at Terbol, Lebanon, spring 1984. 

Fungicidal Plant stand (200) Yield (kg ha-') 
treatment Flat 

Ridomil 133 

captan 140 

Control 
 83 

SE for comparing:
 
methods at same treatment level 

treatments at same method 


CV (%) 

infested with cyst nematode (Heterodera rosii). 
These S,'notypes mainly consisted of ascochyta 
blight-resistant kabuli and desi germplasm 
accessions and newly-developed kabuli lines, 
Twenty-seven lines were rated 4 and less on a 
0-10 scale, where 0:no damage and 10: com-
pletely killed. 

One hundred ascochyta blight-resistant lines 
were evaluated for resistance in a field infested 
with lesion nematodes. The nematode popula-
tion in the plot beforesowing ranged from 101 to 
969/500cc of soil. Not much variation in the 
extent of damage was observed betwee.i 
genotypes. 

Pakistan 

With financial assistance from the Asian Devel-
opment Bank (ADB)and in cooperation with 
the National '\gricultural Research Center 
(NARC), Islamabad, we initiated work on the 
develonment of high-yieding chickpeas with a 
high level of resistance to ascochyta blight. 

Ten yield trials were sown in November at the 
NARC, of which five \k,re Preliminary Yield 
Trials (PYT), two Adva iced Generation Yield 
Frials, two Major Yi Id Trials, and one a 
National Uniform Yi. Id Trial. These trials 
included desi and kabjii types ofabout 15 selec-
tions, each of which was som n in 4-6 rows I m 
long, replicated four times, in randomized con-

Ridge Flat Ridge 

148 2380 2650 
142 2320 2610 
130 1680 2550 

+13.2 +219 
+13.0 +211 

13.1 12.3 

plete block designs. The National Uaiiforni Yield 
Trial was sown at 20 locations throu,,hout Pak
istan using 14 selections, made by various 
research centers in Pakistan. Potentially
promising materials were sent to various 
research centers in the provinces of Pakistan for 
e,aluation under local conditions. The material 
included segregating populations as well as 
selections/varieties produced at NARC, ICRI-
SAI"and/or ICARDA. Apart from these, vary
ing numbers of' F, F,, F,, and F4 populations 
from NARC, ICRISAT, and ICARDA were 
sown in unreplicated single rows for further 
selection. 

Single rows of over 2000 gernplasm acces
sions were sown in Novermiber at NARC for 
screening against ascochyta blight. Single rows 
of about 5000 germnplasnm accessions were also 
sown at NARC for screniing against th'liothis 
armigera. 

Workshops, Conferences, 

and Seminars 

Chickpea Scientists' Meet 

;CRISAT hosted the Annual Chickpea Scient
ists' Meet at ICRISAT Center, 15-17 February. 
There were 36 participants from six countries: I 
each from Bangladesh, Ethiopia, and Nepal, 2 
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each from Pakistan and Burma, and 29 from 
India. Three members of the ICRISAT External 
Program Review Panel also met with the visiting 
scientists. 

ICRISAT chickpea breeders presented their 
work on different aspects of breeding. Partici
pants then made a field tour of the chickpea 
experiments conducted by the Pulses Improve
ment and Farming Systems Programs and the 
Genetic Resources Unit. 

The scientists spent three half-day sessions in 
the chickpea fields and made 1172 selections, 
Seed of the entries selected for sowing in the 
coming season is being prepared for 
distribution. 

In a discussion session on 'Relationships of 
disciplines to breeding', ICRISAT scientists 
emphasized the importance and contributions of 
a range of' disciplines to the breeding program. 

Consultants Workshop on Adaptation of 
Chickpea and Pigeonpea for Tolerance to 
Abiotic Stresses 

This workshop was held at ICRISAT Center, 
19-21 December to review the current knowl-
edge on chickpea and pigeonpea tolerance :o 
such abiotic stresses as water (drought and 
waterlogging), salinity, pH, and others, and to 
formulate a program of future work. Five con-
sultants from four countries and ICRISAT staff 
participated. 

The meeting found a need for a proper assess-
ment of the magnitude, and timing of occurrence 
of different types of stiesses, and the relative 
losses in yield that they induce in these two crops 
in diftercnt regions. Discussions on drought 
were around three major points: climatological 
quantification, crop management strategies in 
drought enviionments, and crop improvement 
for drought tolerance. Waterlogging, salinity, 
and low pH problems were discussed in depth, in 
terms of the relative merits of amelioration, or 
crop improvement strategies to cope with the 
problem. 

It was apparent from the deliberations that 
very limited information is available on the 
response to drought and other stresses in both 

the crops, and on drought in pigeonpea in partic
ular. Proceedings are in preparation and will be 
available from Information Servic.es, ICRISAT. 

Looking Ahead 
We will start work on new levels in environments 
with constraints of soil and climate. Genotypes 
adapted to high inputs of fertilizers and wate, 
will be identified. We will intensify our work on 
tolerance to drought, salinity, and plant stand 
establishment under seedbedlimited moisture 
and will investigate in detail interactions 
between soil moisture and nutrient uptake. 

We will initiate studies on population changes 
of chickpea rhizobia in soil profiles over time, 
and on the effect of depth of sowing on nodula
tion patterns. The residual effects of chickpea in 
supplying nitrogen to succeeding crops will also 
1e studied. We will make an assessment of the 
potentia! for mycorrhizal inoculation of 
chickpea. 

Work on the physiologic races of Fusarium 
o.\'vsporuin f.sp ciceri will be intensified. Breed
ing for multiple disease resistance w;ll receive 
greater attention. 

Progenies of crosses intended to combine re
sistances to both theliothis ,'jm('ra , fusa
rium wilt are now being screened. Selections 
should be available for multilocational testing 
within the next 3 years. 

Emphasis will continue on breeding for 
improved aad stable yield potential by incorpo
rating genetic resistance to various biotic and 
abiotic stress factors. Genotypes that combine 
multiple disease and insect resistance should 
soon be available for mtltilocational testing. 

The work to identify and breed genotypes 
adapted to nontraditional situations, such as 
early sowing in peninsular India, and late sowing 
and high-input conditions in northern India, will 
continue. It is intended to continue intercrossing 
in selected mid-tall, multiseeded, and double
podded lines and to incorporate these character
istics into improved backgrounds in order to 
improve existing yield levels. 

http:Servic.es
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The Asian Regional Grain Legume Program Journal Articles 
and the ADi -supported chickpea improvement Reddy, M.V., and Singh, K.B. 1984. Evaluation of a 
projcct in Pakistan will help strengthen chickpea world collection of chickpea germplasm accessions 
research in Bangladesh, Burma, Nepal, and Pak- for resistance to ascochyta blight. Plant Disease 
istan, and possibly in a few Southeast Asian 68:900-901. 
countries. 

The emphasis of our breedtw, program at Singh, K.B., Reddy, M.V., and Nene, Y.L. 1984. 
ICARDA will continue to be on deve,'ping lines International testing of chickpeas for resistance to 
for winter and spring sowing with hiigh yield, ascochyta blight. Plant )isease 68:782-784. 
large kabuli seed type, tall stature, 6 fferent Singh, U. 1984. I)ietary fiber and its constituents in 
maturities, and blight resistance. In addition to desi and kabuli chickpea (Cicer arivtintm L.) cultiv
blight isistance, development of lines with tol- ars. Nutrition Reports International 29:419-426. 
erance to Oroanche sp, cold, wilt, leaf miner. Singh, U..1984. The inhibition of digestive enzymes 
and nematodes is necessary. by polyphenols of chickpea ((''er arietinum L.) and 

pigeonpea (('oaanus ca/ (L..) Nutrition' Millsp.). 
,: -ports international 29:745-753. 

Publications Singh, U., Sahrawat, K.I.., Janbunathan, R., and 
Burford, J.R. 1984. The use of hydrogen peroxide forInstitute Publications the digestion and determination of total nitrogen in 

ICRISAT (Internalion,1 Crops Research Instit,::efor chickpea (i'errietjinm I..)and pigeonpea (('a/anus 
the Semi-Arid caian I..)..Iournal of the Science oif Food aod Agricul-Tropics), Pulses Improvement Pro- tr 56066ture 35:64t0-646. 
gram. i984. International Chickpea Newsletter nos. 
10 and I I (Beniwal, S.P.S., ed.). Patancheru, A.P. Toomsan, B., Rupela, O.P., Mittal, S., Dart, P.J.,and 
502 324, India: ICRISAT. 35 and 61 pp. ('lark, K.W. 1984. Counting (icer Iizobiiwn using 

ICRISAT (International Crops Research Institute for a plant infection tt.chnique. Soil Biology and Iio

1984. Grain legumes in Asia: chemistry 16:503-507.the Semi-Arid Tropics). 
summary proceedings of the Consultative Group 
Meeting for Asian Regional Research on Grain Conference Paper 
Legumes (Groundnut, Chickpea, Pigeonpea), 11-15 
Dec 1983, ICRISAT Center, India. IPatancheru, A.P1. Smithson,J.B. 1984. ICRISAT's research on chick
502 324, India: International Crops Research Iristitute pea. Pages 20-23 in Grain legumes in Asia: summary 
for the Semi-Arid Tropics. 98 pp. proceedings of the Consultative Group Meeting for 

Asian Regionai Research on Grain Legumes
ICRISAT (International Crops Research Institute for (Groundnut, Chickpea, Pigeonpea), Il-15 Dec 1983, 
the Semi-Arid Tropics). 1984. C"hickpea Cultivar ICRISAT Center, India. Patancheru, A.P. 502324, 
ICCV I. Plant Material I)escription no.9. Patan- India: International Crops Research Institute for the 
cheru, A.P. 502 324, India: ICRISAT. 4 pp. Semi-Arid Tropics. 

Rupela, O.P., Dart, P.J.. Toomsan, B., Singh, D.V., 
Subramaniam, D., and Sharma, B.K. 1984 Facility 
for growing plants in test tubes at ICR ISAT. Informa
tion Bulletin no. 18. Patancheru, A. P.502324, India: 
International Crops Research Institute for the Semi-
Arid Tropics. 8 pp. 

Thompson, J.A. 1984. Production and quality con
trol of carrier-based legume inoculants. Information 
Bulletin no. 17. Patancheru, A.P. 502324, India-
International Crops Research Institute for the Semi-
Arid Tropics. 37 pp. 
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The Pulses Improvement Program continued to 
develop genetic stocks, broadbased populations, 
lines, and cultivars of short-, medium-, and long- 
duration pigeonpea, with a vie" to providing 
higher and more stable yields in)the SAT. This 
ieport covers data collected in 1984, mostly fhorn 
crops sown in 1983. 

Ouractivities were concentrated at three Ioca-
tions: ICR ISAT Center at Patanchert (180 N, 
780E, 800 mm inmean annual rainfall), where 
emphasis was on neditum-duration types for 
inteccropping with major cereals in central and 
peninsular India, 1-lisar (29°N, 750E, 450 mm 
rainfall), where short-duration types were 
researched as sole crops with limited irrigation in 
pigeonpea-wheat rotations, a new cropping sys-
tem for northwestern India: and Gwalior(260N, 
78' E, 840 mm rainfall), where emphasis was on 
long-duration types for intercropping in the 
Indo-Gangetic Plain. 

Rainfall at ICRISAI Center and Gwalior 
during 1983/84 was generally favora ble for crop 
growth, but the weather was abnormally dry at 
Hisar. At H isar the crop had unusually high 
insect damage and at Gwalior the crop suffered 
from frost, 

Physical Stresses 

Intensive Cropping of Early 
Pigeonpea 

Early pigeonpea produces similar first-harvest 
yields in both peninsular and northern India 
However, because of milder winters in peninsu-
lar India and the perennial nature of pigeonpea, 
ratoon harvests may be taken in this region 
(ICRISAT Annual Report 1983, p.171). Thus 
total yields from multiple harvests of early cul-
tivars may exceed yields of mediumi-duration 
cultivars adapted to peninsularIndia. In orderto 

determine the yield potential of early pigeonpea, 
we conducted experiments at ICRISAT Center 
to determine optimum plant densities, sowing 
date, and irrigation regime. 

On an Alfisol, the cultivars ICPI. 4,ICPI. 81, 
and ICPIL 87 were each grown at 20, 36. and 56 

2
plants m- .There were two irigation treatments, 
zero and optimal. The crop was sown on 23 
.tne, 1983. Rainfall was adequate, so irrigation 
was not necessary until after the first harvest. In 
another experiment on a Vertisol, ICll. 81and 
ICPI_ 87 were grown at the same three plant 
densities but there were three sowing dates, 28 
June, 27 .1uly, and 22 August. No irrigation 
treatments vere imposed on this soil. 

Yield of tile .1une sowing on the Alfisol was 
generally greater than on the Vertisol (Figs. I 
and 2). On the Alfisol, maxinun yield of both 
ICPI. 81 and ICPI. 87 wias obtained at 36 plants 
m 2 whereas the yield of ICl 1.4 was highest at 56 
plants in-- (Fig. I). Irrigation benefited the 2nd 
flush yield onlk in IClI. 87. On tile Vertisol, 
closer spacing generally increased yield but it 
markedly decreased yield at later sowings (Fig. 
2). Podfly (Melanagronv'za ohiusa) damage 
limited 2nd-harvest yields and prevented a 3rd 
harvest. Nevertheless, the totai yield of ICPI. 87 
on the Alfisol witilout irrigation still reached 
3500 kg ha-'. The results clearly demonstrate the 
need for early s,wing and high plant densities to 

optimize yield in these cropping systems. 

Screening for Salt Tolerance 

Even though we have developed a field
screening method to identify pigeonpea geno
types tolerant to soil salinity (ICRISAT Annual 
Report 1979/80, p.108), field heterogencity lim
its the number of lines that can be simultane
ously screened. We have therefore evolved a 
pot-screening technique to detect genotypic dif
ferences at the seedling stage. The technique 
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Figure 1. Grain yield (kg ha-1) from 1st and 2nd harvests of three early pigeonpea cultivars grown at three plant
densities on an Alfisol, ICRISAT Center, 1983/84. 

involves mixing saline/alkaline soils with nor- Response to Phosphorus

mal soil to achieve the required electrical con
ductivity. Uniform soil mixtures can then be Previous field studies have shown that pigeonadded to po!s allowing large numbers of geno-
 pea does not respond to phosphorus, eithertypes to be screened. Differences in salinity toler- sprayed onto leaves (ICRISAT Annual Reportance obtained by this method are of the same 1979/80, p.107) or applied to soil (ICRISATorder as previously obtained in the field; for Annual 2eport 1981, p.138), in soils withexample, C II is a tolerant, and Hy 3C a suscep- medium ,evels of available phosphorus. Howtible cultivar. ever, in a pot experiment with an Alfisol 
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- ) from Ist and 2nd harvests of two early pigeonpea cultivars grown at three plantdensities and three sowing dates on a Vertisol, ICRISAT Center, 1983/84. 
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. ..... 80 ppm Phosphorus 	 selected lines showing less than 20% wilt in the 

No Phosphorus first screening and less than 10% in subsequent 
Eu ,so. screens. A set of 363 new germplasin accessions 

received from Our Gcnetic Resources Unit was 
-	 / I screencd in the wilt-sick plot. Of thesc. 15 acces

00. / 	 sions showed less than 10,iwil. Of tie 129 

gerniplasni selections (I 982 83) screened in wilt
c So- sick plots on an Alfisol. four. ICP 7445. 7490, 
o 7789, and 12082, were found resistant. Fifteen 

o.SE selections from crosses between ICP 616, 1680, 
0 0 1 2 4784. 6654. 6974. 11308, 11368. and 11405 

showed resistance to will for the 3rd consecutive 
Days after soing IDI1 yar.
 

Figure 3. Changes it,plant height (c) of pigeonpea Of tile .d /h'iothis-rcsistant selections 
cultivar ICPI 6over time with 0 and 80 ppntlphospho- screcned, 10 showed !ess than I('i wilt. They 
rus applied to an Altisol in pots, ICRISAT Center, were ICI) 3700, 4769, 5036, 5498, 5651-1-530, 
1984. 6831, 7194-1-540, 7998, 7445-1-.3, and G\V 3. 

A large amount of breeding material, includ
ing F", F, and F, poptulatioils, F single-plant 

containing < 1.5 ppil 01 se n-available progenies, lK bulks and advanced lines, entries 
phosphorus, we obtained a significant response included in the Mcdi uin- N-atiurity Pigeon pea 
to soil application of 80 ppm phosphorus in Wiilt Resistant I.ines Yield Test (Nil\WRY). and 
ICPI. 6 (Fig. 3). The response showed in early Nlediun-NIatiirity lPigconpea UInselected Bulks 
growth, before roots would have been able to (NI'l II), were screened in the wilt-sick plot. In 
fully exploit the soil mass in tile pot, and intcnsi- M I1WVR Y,ICIlI. 335 shoved low ilit incidence 
fied with time. The absence of applied phospho- (1.6'i ), and intie latc-matt, rivtyad'al Ced lilies, 
rus delayed maturity by 9-10 weeks and lowered ICP 8131-B-13®-G3 G10 remained wilt-free.1 
seed yield from 14.9 to 12 g plant - ].This result Promising materials were Advanced for further 
highlights the need for further studies of the testing. 
interactions between phosphorus nutrition and 
other possible limiting factors, such as soil-water Pigeonpe. ilt is seedlorne. We reported car
status. lier (Pulse Pathology (Pigeonpea) Report of 

Work, 1982/83) that P. uilt, tie pathogen 
causing pigeonpea will, could not be isolated 

Biotic Stresses 	 from seeds of IC!1,23i,2376,6997, and LRG 
3(0,all highly susceptible to wilt. I.ater we 
detected tihe fungus in seeds of wilt-tolerant 

Diseases 	 pigeonpea lilies. Further studies confirmed that 
P'.tlaunt is internally seedborne in HI)N 1,ICP 

Fusarium Wilt (Fusariumudurm) 1903, and ICPX 78148. These results indicated 
that 1.*ia/tn is not seedborne inall Pigeonipea 

Screening for resistance. We continued to cultivars. We are studying the effects of fungici
screen germplasin accessions, progenies, and dal seed treatments to eradicate tileinternal 
advanced lines in wilt-sick plots at ICRISAT seedbornc inoculum. 
Center to identify \t.h-resistant accessions and 
lines. Material was screened in wilt-sick plots on Sterility Mosaic 
Vertisols and Alfisols where susceptible control Nature of the causal agent. We continued our 
lines showed more than 80% wilt incidence. We efforts to determine the nature of the pathogen 
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causing sterility mosaic (SM) disease using scv-
eral new extraction media and purification 
procedures. As in the past, long, thin, flextous,
rod-shapeti, virus-litic particles were observed 
but illiyin a few pariially-purificd preparationls, 
Results of serological tests of the crude sap and 
partially-purifctd preparations froin SIM-
affected leaves with antisera of two closterovi-
ruses(apple ,lhlorotic leaf spot and apple
stem-grooving viruses) were negative. Sap trans-
mission of SM pathogen was again unsuccessful. 

Healthy mite colony. /-, Ihealthy (pathogen-
free) colony of Aceria ca/ali , vector of the SM 
pathogen, Was successfully maintained on 
B1)N I, a highlv-susccptiblc pigeonpea cultivar. 
No SM synimptonis werc produced. 

Mite multiplication. Mites were unable to inul-
tiply on three of the 10 SM-resistant and one of 
tle four SM-tolcrant pigeonpea lines. Mites in 
low numbers were detected on the remaining 
seven S M-resista nt and three S M-toleram (tnes. 
Of the four SM-stsceptible lines tested, xX';-N I 
supported maximum liite population (3.5 mites2cm leaf area) followed by ICP I (1.5 mites,,
T21 1.I mites), and C 11 (0.2 mites). None of the
 
four SM-resistant ,.1,Iy/sia 
 spp tested allowed
 
any mite multiplication: however, only 
one of
the three SM-susceptible At.ylosia spp, A*1.(aia
niiflia , that showed severe mosaic symptons,

supported mite multiplication.
 

Mite survival during the summer season. In
 
the past we found J it mites were unable to
 
survive on pigeoripea during the hot summer
 
season at ICR ISAT Center. As a result ofobser
vations on several possible plant species, we 
found that mites could survive on leaves of 
A.scarahacoides growing under the shade of 
mango trees and near flooded rice fields, btut not 
on those growing in open fields near mango 
trees. These mites were, however, noninfective. 
This confirmed our earlier observations and 
experience that mites prefer a moist and humid.......
environmnit for multiplication and surival. We 
will continue to search for plant species on which 
infective mites can survive naturally in the 

summer season, to help us understand the 
annual recurrence of the disease. 

Screening for resistance. :ks in 1983, we 
screened a large amount of pigeonpea material 
incltding germplasin accessions, progenies, and 
advanced lines in the SM nursery, using the 
infector-hedge technique developed at ICRI-
SAT Center. 

We confirmed resistance in 16 progenies from 
the 1979 resistant germplasin accessions, 54 pro
genies from the 1980 gerniplasm selections, 16 
progenies from ithe 1981 resistant g,-rmiplasm
accessions, and100 accessions fron tle 1982 
germplasi selections. Of tle 160 new gerni
plasm accessions tested, 38 were free from tihe 
disease. None of the 15 th'li(olhis- an(d podfly
resistant lines tested for the first time was free
from disease: only one line (ICP 4769) showed 

-a;4 
% i 

-
Sterility mosaic symptoms on pigeonpea, showing
suscepttiI- plant (right), stunted and without flowers 
compared to resistant plant (left). 
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less thar, 4% SM. Of the five lines selected from combination with seed dressing, was most effec
the 1980 and the 1981 All India Coordinated tive in controlling blight. Metalaxyl when ap-
Varietal Trials (Arhar Coordinated Trial ACT), plied as spray was more effective on the tolerant 
three (AL 15, ICPI, 235, and MA 97) were resis- line ICI 1, where we recorded about 23% blight 
tant to SM. Only four (Arliar 20 (105), Bahar, compared to 86% in the untreated control. 
DA 1I, and MA 166) oft91 entries included in the 
1983 ACTs were free from the disease. Interaction between mycorrhiza and Phylo

phithora. Vesicular-arbuscular mycorrhizae 
Phytophthora Blight (Phy'torhthora drechsleri (VAM) have been reported to decrease disease 
f.sp cajaid) incidence caused by soilborne fungi. Giaspora 

cah/.Vora, a species of VAM isolated from 
Epideniological studies. We studied the pigeonpea, was tested for its effect on phyto
spread of fungal inoculum by wind, splashing phthora blight development. The greenhouse 
rain, and rain water in the I'hiytol)tItu)ra- study included inoculation by VAM and Pdc 
infested disease nursery. Results indicated that separately and together a control without either 
wind and splashing rain contribute to dispersal VAM or Pdc: anrid two more treatments, (for 
of the fungus inoculum within a crop. Also rain details see Table I footnotes). The study Was 
water running through a I'hyt'ophthora-infested repeated using 10 g pot - I press-dried mvcelia 
field may carry the ilOCUI um with it. (pressed with it spatula to drain excess water) in 

Expt. I and 5 g pot-1 press-dried ni\celia in Expi. 
Phytophthora blight control by metalaxyl. We 2. Five seeds were sown in each pot. There were 
tested three methods of applying metalaxyl in four replications for each tcatmenit and the pots 

-"different formulations of Ridoniil + as seed were randoml placed on grcenhousc benches. 
dressing (SFI,), soil application (SO), aind spray We recorded the nurliher of seedlings that 
(SP) separately, and in combination, for the con- emerged and those with [)light. 
trol of phytophitliora blight. The experirient was Ill Ixpt. l, all the treatmnts irioctilated with 
conducted in 4 x 3m plots (four 4-u rows plot- 1) lPdc at tihe time of sowing had low seedling crier
in a factorial design with three replications dur- gence, indicating high pre-eiiergence damping
ing the 1983 rainy season in the ICRISAT off (Table I). To achie\c a better emergence the 
multiple-disease nursery, where a hih and irioctIlun was reduced from I0 g pot I to 5 g 
uniformly-distributed population of the P2 pot-I in [~xlp. 2. li both the experiments, treat
(Hyderabad) isolate of the pathogen is known to ments witi Pdc inoculation (alone, with, or fol
exist. Two pigeonpea lines, Hy 3C, susceptible, lowed by VA M) at sowing had t high percentage 
and ICP I, dt-ferant, to the P2 isolate of Phr- of blighted plants. while treatment with VAM 
toplithoradrechsh,'rif. sp caani(Pdc) were sown applied at sowing and followed by Pdc had a 
in the trial. The treatments were: seed dressing lower percentage of blighted plants. These 
using a slurry containing 5 g metalaxyl active results arc being checked in furtherexpericnierts. 
ingredient (a.i.) kg-' seed; soil application in the 
rows just before sowing at 12 g a.i. rnctalxvl as Breeding for Disease Resistance 
granules plot-'; and 500 intL sprays containing 
1.5 g a.i. metalaxyl plot-' applied three times, at We screened populations from 40 crosses ar.d 
40, 55, and 70 DAS. 102 advanced lines in the vilt-sick nursery, from 

As expected, more severe blight was recorded 60 crosses and 356 advanced lines in the SM 
in Hy 3C than in ICP I plots (Figs. 4,5,6, and 7). nursery, and from 36 crosses and 103 advanced 
Seed dressing alone was ineffective in control- lines in the multiple disease nursery. This year we 
ling the disease, as the progress of the blight in concentrated on crosses involving long-duration 
control plots was similar to that in plots with pigconpea. Using line x tester mating designs we 
seed dressing. The spray treatment alone, and in made 18 crosses to incorporate wilt resistance 
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Figure 4. Effect of mode of application of Ridomil® 
on the incidence of phytophthora blight in Hy3C, a
blight-susceptible pigeonpea cultivar, ICRISAT Cen-
ter, 1984. 
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Figure 6. Effect of mode of appiication of Ridomil® 
on the incidence of phytophthora blight in ICP 1, a 
blight-tolerant pigeonpea cultivar, ICRISAT Center, 
1984.
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Figure 5. Effect of mode of application of Ridomil® 
on mortality of Hy3C pigeonpea seedlings from phy
tophbthora blight, ICRISAT Center, 1984. 
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Figure 7. Effect of mode of application of Ridomil® 
on mortality of pigeonpea iCP I seedlings from phy
tophthora blight, ICRISAI Center, 1984. 

slurry seed dressing, 5 g a. i. metalaxyl (Ridomil 72® WP) kg-' seed.SO soil application, 12 g a. i. metalaxyl (Ridomil 5G®) plot-' as granules before sowing.SP 500 mL aqueous foliar spray 1.5 g a. i. metalaxyl (Ridomil 72® WP) plot-' at 40, 55, and 70 DAS.Plot size 4 x 3 m for all treatments. 
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Table 1. Effect of Phytophthora drechslerif.sp cajani (Pdc) and vesicular-arbuscular mycorrhiza (VAM) o 
seedling emergence and incidence of phytophthora blight in pigeonpea cultivar Hly 3C. Greenhouse stud., 
ICRISAT Center, 1983/84. 

Expt I F.xpt 2' 
2
Treatment3 Emerged 2 Bligh ted Energcd Blighted 

Control 18 0 18 0 
Pdc 8 6 19 II 
VAM 20 0 19 0 
Pdc + VAM 12 3 19 13 
Pdc - VAM 12 10 19 13 
VAM - Pdc 20 3 20 9 

. Expt I: 10g pot- l P/'.roii/thori iycelium applied. Exp, 2:5 gpot- I'/otoldthora myceliini applied. Total of 20 seeds sown 
in 4 pots, 5 seeds pot-' in i,th experiments. 

2. Emerged = number of seedlings showing bligiltnurnher of seedlings emerged. Blighted synrploms. 
3.Control No Pdc or VAM.Pdc - Pdc applied at sowing. VAM = VAM applied at sowing. Pdc +VANI Pdc and VAM 

applied at sowing. Ildc VAM = Pdc applied at sowing, VAM applied 15 daysafter sowing I)AS). VAM Pdc: VAM 
applied at sowing. Pdc applied 15 l)AS. 

and 24 crosscs to incorporate SM resistance. \Ve Three lines, ICPlI. 345, 8346, and 342, averaged 
also made II crosses or backcross,:s for a sttdv 1695, !605, and 1550 kg ha - compared \with 
on the inheritance of alternaria blight resistance. 1510 kg ha I for the control, I('1. 131 (a C ; I 

In yield trials containing 18 Mediutm- selection) under normal field Conditiots. 
Maturity Pigeonpea 1Unselected Bulk (NI PU B) In our adv\anced line test gLO\\ iunder norial 
populations developed from see(] taken frotn field conditions, cight lincs vicldet bet\e:, 1240) 
resistant plants of these populations in the wilt and 2050 kg ha i, had seed size between 9.7 and 
nursery for 3 years, eight populations yielded oti II .8 g 100 seeds, iand had 4 to 13 "("wilt in the 
average as much or more than the control ICPI. wilt-sick plot. In comparison, the control ICPI. 
295 (Table 2). When grown in the wilt-sick 131 yielded 1100 kg ha- I.had i0.8 g 100 seeds, 
nursery at ICR ISAT ('enter all but one ofthe 18 and 59% \wilt.These cight lines were advanced to 
lines outyielded the control. On the basis of their the M PWRY. 
yield and wilt resistance, nine lines have been These results suggest that it should he possible 
advanced for furthcr trials. These bulks provide to identify disease-resistant lines with yields 
ideal material for selecting high-yielding lines comparable to tile control variety C II under 
that have a high probability of being wilt- norrnal field conditions even where there is little 
resistant, or no disease. tUnder disease pressure [lie 

The MPd iuntr-Malitri ty Pigconpea Wilt-Re- disease-resistant lines will. of course, have a 
sistant Yiel., Trial (M PWRY) was grown at five marked advantage. 
locations. Of the 22 entries, 18 were ICRISAT We continued to stress the need for high
lines. ICPL 227 and 270 averaged 1660 and 1620) yielding short-d urat iotl lines with SMNI resistanlce 
kg hia fotr tie con- as presently no released extra-early 'arieties -Icompared with 1580 kg ha 
trol, ICPI. 131 (a C II selection) Utnder normal have resistance to this disease. Of 128 advanced 
field conditions. resistant lines we have identified 28 for yield 

In the Medium-Maturity Pigeonpea Sterility testing and 83 for further assessmentt. We also 
Mosaic Resistant Yield Trial(MIPSRY)20ofthe advanced 45 F, bulks, both determinate and 
24 lines were from ICRISAT Center. Good indeterminate types, for yield trials as well as 
results ,'.-re obtained from three locations, further screening. 
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Table 2. Summary of performance of entries in Medium-Maturity Pigeonpea Unselected Bulk (MPUB) yieldtrial grown at three Indian locations, 1983. 

Entries 

78191 W3-WB-WIB 
78120 WB-WB-WB 
78153 WB-WI3-WB 
78148 WB-WB-W[3 
78223 WB-WI3-WH 
78140 \VI-WI-WIi 

78139 WI-WI-W 
78179 WB-WIB-W 

Control
ICPL /95 (C IIsel) 

78143 WI-WI-W 
78167 WB-WIM-3 
78213 W\3-W1-Wi 
78231 WB-WB-WI3 
78204 WB-WIB-WB 
78130 Wil-WI-W13 
78227 W13-WI-W13 
78142 WB-WI-WB 
78178 WB-WB-WB3 
78180 WB-wI3-WB 

SE 

Trial mean 

Days to 
flowering 

135 
126 
133 
136 
133 
130 

130 
133 

135 
142 
133 
144 

142 
135 
131 
138 
137 
136 
137 

±2.1 

135 

Davs to 
maturity 

192 
182 
192 
192 
190 
188 

193 
188 

197 
210 
190 
213 

203 
200 
185 

193 
197 
203 
197 

±4.4 

195 

Plani 
height 
(vIn) 

136 
143 
145 
128 
123 
140 

143 
128 

122 
125 
137 
129 

130 
120 
143 

130 
127 
119 
137 

±3.5 

132 

100-sced 
masS 
(g) 

8.8 
9.3 
9.3 
7.5 
8.9 
8.7 

9.6 
10.2 

9.3 
10.7 
8.6 
8.2 

10.5 
7.1 
10.6 

11.5 
9.2 
10.0 
10.3 

-0.31 

9.4 

Yield (kg ha' l) 
IC(RISA I Wilt,
('enter O1haruch lia loda Mean (%) 

1470 (4)2 940 (4) 2080 (2) 1496 30 
1610 (I) 780 (12) 1860 (4) 1413 32 
1590 (2) 890 (7) 1430 (18) 1304 29 
1470 (3) 750(14) 1640 (14) 1287 41 
1360 (5) 790 (10) 1680 (8) 1276 31 
1000 (1;) 970 (2) 1780 (7) 1250 47 
1310 (6) 800 (9) 1620 (II)1244 37 
1180 (8) 650 (18) 1780 (6) 1201 33 

820 (18) 900 (6) 1890 (3)1201 31 
1140 (10) 940 (5) 1460 (15) 1180 26 
1140(11) 820 (8) 1590 (13) 1179 43 
1180 (7) 680 (17) 1630 (10) 1165 20 
1120(12) 790(11) 1460(17) 1114 27 
990(16) 730 (15) 1590 (12) 1105 49 
1160 (9) 1050 (1) 1000 (21) 1070 30 
1050 (14) 610 (20) 1500 (14) 1053 18 
900 (17) 760 (13) 1450 (16) 1037 25 
790 (19) 720 (16) 178(0 (5) 1098 43 
1090 (13) 620 (19) 1370 (19) 1025 29 

±114 ±73 ±258 ±4.4 

1153 808 1624 31 
CV (%) 3 4 5 6 17 16 28 22 

I.Recorded from wilh-sick nursery at ICRISAT Center. Mean of four replications, each with approximatel, 66 philais.2. Nurmbers in parentheses indicate rank within trial. 

Multiple Disease Resistance were screened. Three lines showed less than 10%, 
We continued to screen breeding material in our 

and 14 showed I0-20('i wilt, SM,anid blight. 0fthe 95 Ft :ngle-plant selections from I('PXmultiple disease nursery for combined resistance 80260, 80264, 80273, 80275, 80284. and 80289.to all three major pigeonpea diseases, wilt, SM, four showed less 'han 10,'%, and 14 showed lessand the P2 and P3 isolates of phytophthora than 20(%' wilt, Sd,and blight. Sixteen of the 36
blight. 
Of the 16 single-plant selections of ICP 5097 

F3 bulks tested showed less than 20(' incidence 
of all three diseases. Of the seven cultivarsand ICPX 74360 screened, three lines had less screened for the first time in the nursery, onlythan 20% wit, SM, and blight when the corres- NIP(WR) 15 showed less than 10C7 wilt, SM, andponding susceptible controls showed an average blight. Selfed seed collected from SM-of 77% phytophthora blight, 95i7 sterility mosaic 

,'nd wilt
resistant plants of four cultivars that showedand 95% wilt. Forty-five advanced selections tolerance to the P3 isolate will be retested duringfrom ICP 5097, 8094, ICPX 74360, and 74363 the coming season. 
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Screening for multipi Ie-diseasresistance in pigeonpea in a nurser) at I(RISAT ('enter. Selec-An I(P 5097(right) 
shoed combined resistance to all three disense" in the experiment. 

the eliteSitnc I9"i ., hic hlakn ,creltingl nU'tIAUA1) tnCeMatodcs obsCtrCd in 1oth\ fisol and 
pigconpea accc!,0ion, aid lines fotrIultiple dis- VC\rti ol fields. the ,,pital lIliitodIc( /h/<tOI /e,'

case resi ta ncC ;CcordIncL' to rClIIirenICtitsof dif- I'%s iudi11.) onkl in Altisols. and tihe lesion 
Icrent areas )f tnd!a. lable 3 lists the accessiOns (PrI'/'l nil.usp), ontl\ in[IVetisolnetnatodc / 
ail li:,s \ th rsistn t ltcralcc to IolrC tha filds,. Ihe epihC npt', \,i tutlcllatodic \sa.s ilil 
OIlC Isc,C. spLcis f llld tollpeapr'CeIlOI tliIalIt Lt a piwC (\\11ill 

Vcrli -ols. \,.hereas the pttpulmloitll" of renlifolI 

Nemiatode I)iseases and lance inc1txodsc k\xClhiCher in the Allisols. 

Plant parasitic nematodes in pigeonpea at i(RI- (yst nematode. \ pure poputlatitn of the c\sl 
SAT (enter. We identified se\en parasitic nicllh"ItoC II. 4'vi/ali S\its tniiat ained on pigcen
nemaitode species on pig neorpea in Alfisol and pea I(' 2376 and coss pcils. I he legutte species 
Vertisol fields. hese \ere the (."lvvrotu,h'l'rob'ra ir/o,., Po.t1i( /-(the .. /)w,/,ria. /'h(st and I/h 
Claani), lance (IIp/olai u.s siihor.sli). reni- \kcrc susceptible to the c\,t neCMtndC. anid arC 
form (Ro'tilethio ( I't/un-SRli/rini.,s first host rtecords for this ncniatode. A technique 
('hor/l'iw/tus sp). lnd spiral (I/i,1ow.rh'tn. to dC\clop nCmatotdC-ihfestCd soll in pots \,;Is 
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Table 3. Pigeonpea lines with combined multiple-disease resistance/tolerance. 
Lines with combined resistance/tolerance to: 

Four diseases
 
Wilt, sterility mosaic', root knot,


and alternaria blight 


Three diseases 
Wilt, sterility mosaic2 , and phytophthora bl~ght-I 
Wilt, sterility mosaic2 , and root knot 
Wilt, alternaria blight, and bacterial blight 
Wilt, phytophthora blight., and root knot 
Wilt, sterility mosaic2, and alternaria blight 

Two diseases 
3Phytophthora bhght. and alternaria bligh


Sterility mosaic' and alternaria blight 


Sterility mosaic2 and phytophthora blight 3 


Wilt and root knot 


Wilt and phytophthora blight. 


Wilt and sterility mosaic2 


Line number 

ICP 8861, 8862 

ICP 5097, 8094, ICPX 74360 progenies 
ICP 8860, 11291 

ICP 8863 

ICP 8865, 8866 

ICP 8867, 8869, 10960, 11288, 11296 

ICP 2376, 2719 
ICP 2630, 4725,7188, 7869,7904,7906, 8850,8856, 8857
 

ICP 8466, 11300, 11301, 11302, 11303, 11304 
ICP 8859, 11286, 11299 

ICP 8868, 10958, 11287, !1294 
ICP 11289, 11290, 11297, 11298 

1. Resistant except in the Indian states of Bihar and Tanil NadU.2. Resistant except in the Indian states of Ilihar, Karnataka, and lamil Nadu. ICP 10976 can he used for resistance to sterility
mosaic in allIndian state2s. 

3. Resistant to the P2isolate only. 

;tandardized to initiate screening for resistance 
to II. cqJUai. 

Insect Pests 

Surveys 

As usual the pod borer (Iei'iothis arni t'era)was 
the most damaging pest on pigeonpea in central 
and southern India in 1983/84. However the 
attacks by this insect were less severe than in 
most previous years. Although the medium-
duration pigeonpeas that flowered and podded
inNovember were severely damaged by this pest,
pigeotpeas that flowered before or after 
November mostly escaped major damage. The 
podfly (Afeanguironyza ohtusa) appeared to be 
more prevalent than usual in sone of the 
pigeonpea-growing areas that were visited in 

India ,e.g. Gwalior and Ilisar). Podfly infesta
tions cannot be easily detected, because eggs are 
laid inside the pods and there are no visiblesyrptoms of datnage until adults emerge 
throiti the pod wail. It is therefore an underestimiated pest. It causes s, n;-, I yield losses 
every year, particulatly on the long-durationc;op, of n.mrthcrn and central India. Tatiao.sig
modhes caiantinue,a hvtnenopteran insect which 
feeds inside pigeonpea pods (Fig. 8), again
reached pest statts at ICRISAT Center but was 
rare in all fartners'fields wc surveyed. This insect 
thrives under research staio conditions where 
pigeonpea pods are available from September to 
April each year and where endosttlfan, used for 
the control of pod borer infestations, fails to 
control the hymenopteran pest but reduces its 
natural enemies. Tunaos ,,muodey cq/aniae is at 
this time no more than a research station nui



Figure 8. Larva, pupa, and adult of hymenopteran 
pest Tonaostigmodes cajaninae inside pigeonpea 
pods. 

sance but it serves as a good reminder that 
changes in farming practices can promote rela-
tively rare insects to pest status. 

A tour of some countries in Southeast Asia 
revealed that Heliothis artnigera was a wide-
spread pest on pigeonpea and many other crops 
including cotton, maize, and several vegetables. 
Another pigeonpea pod borer (Maruca testula-

lis) was also seen to be very common and damag-
ing. This insect is of sporadic importance in 
northern India but is known to be a regular 
major pest of pigeonpea in several countries, 
particularly Fiji. A very large number of other 
insect species were noticed on pigeonpea plants 
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at all stages ofgrowth but none appeared to be of 
economic importance at present. 

Heliothis armigera 

Population monitoring. A network of 113 
pheromone traps that catch male Heliothis 
arinigeramioths has been set up to cover 60 loca
tions in Bangladesh, India, Pakistan, and Sri 
Lanka. ICRISAT in collaboration with the 
Tropical Development and Research Institute 
(TDRI), London, provides traps and rubber 
septa loaded with synthetic pheromone to the 
national scientists at each location. These coop
erating scientists count the nunbeis of moths 
caught each night and send information on trap 
catches to ICRISAT Center at the end of each 
month. We ,i-o receive data on catches of H. 
armnieraand other insects in light traps set up at 
some of these locations. 

Data from tile network of pheromone traps 

operated for more than 2years are now available 
and a post-doctoral scientist has been recruited 
to study and interpret them in cooperation with 
TI)RI scien'ists. This study is still in its early 
stages and several statistical techniques are being 
tested in an attempt to maximize the informa
tion that can be derived fron the available data. 
It is already obvious that a large number of 
environmental factors, including temperature, 
humidity, wind, mooniight, and local host-plant 

availability, play an important role in determin

ing the numbers of moths caught in both phero
mone and light traps. By a series of analyses it 
may be possible to develop correction factors 
that w\,ill reduce the very large variations in 
catches not attributable to changes in the local 
populations of moths, and so allow the data set 
to be useful in monitoring these populations. 

Light trapping was initiated at ICRISAT Cen
ter in 1974 and records of H. armigera caught in 
traps have been collected nightly since then. 
Now that 10 years' data arc available, clearly
defined cycles of catches recur in most years in 
spite of large variations in the catches of differ
ent traps. Almost every year there are peak 
catches of moths in August-September and in 
November-December separated by a dearth of 
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MonthsFigure 9. H. armigera moths trapped ait ICRISAT Center, 1983/84. 
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moths inl October (Fig. 9). It is probable that theearlier peak or moths trapped is associated with 
moths that have originated from larvae that have
fed on sorghuni, pm rl millet, and groundnuts;
and t~at the lattrpeal, is mainly associated with
larvae feeding on pigeonpea and chickpea. We
do nob know why there are so few moths inl
October, but have noticed that pigeonpea flow-
ering at ihat time can escape severe pest attack. It
would be useful to grow a large area of pigeon-pea that would flower and pod in October, to
determine whether such a crop would escape
damage, or whether the pauci6ty of HI. arlnig('ra
,zt that time is normally the r.-sult of a scarcity of'
suitable hosts,

It is not yet clear whether migration plays an 
important role in the ecology of HI. armigera.
This year ICRISAT and TDRI scientists 
embarked upon an intensive migration study. By
studying unusual surges in trap catches in rela-
tion to wind patterns, it should be possible to
identify migration events and the sources of the
moths. We acknowledge the excellent coopera-
tion of the Indian Meteorological Department in
providing the wind charts required for such
studies, 

[lost plant resistance. We have completed
sreigtegrpamacsin 

vial
ICR ISAT having tested 8400 in open field trials.
Although we found no genotype with sufficient 
resistance to withstand heavy infestations of HI.
armlu'rawithout suffering severe damage, there 
are clear differences in suscep Ihili ty. Breeders 
and entomologists are currently eng-igedl in an
extcnsiv(e breeding and selection effort fhat I s 
directed towards increasing
tance that the levels ot resishave been discovered in gerniplasm
accessions. Earlier attempts to combine the anti
biosis tf) this pest, that was clearly, evident in
A 'losia sceirabavoj(LY, with the agronomic
and consumner-required quialities of pigeonpea
haeldtteslcioofoncpmingner
 
generic derivatives 'However, 
 this_ approach
does not appear, to have been more productive
than simple selection from the available pigeon
pea germplasni accessions. 

In previous years our efforts were colleen
trated towards selection for resistance within the
medium-duramtion genotypes, as this then
appeared to be the duration with the most poten
tial. However, it has become increasingly
obvious that short-duration pigeonpeas have 
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greater potential, particularly in northern India. Table 4. Parasitism by Trihogramma chilonis in 
Consequently, increased attention is now being eggs of Corcyra cephalorica placed on leaves, 
paid to the search for resistance within this flcwers, and pods of pigeonpea genotypes known to 
matur;ty group. Of the 65 short-duration geno- be resistant or susceptible to Tanaostigmodes 
types selected previously as appearing to possess cajaninae, in laboratory tests, ICRISAT Center, 
some resistance, only 30 appeared promising at February 1984. 
ICRISAT Center and 9 at Hisarwhen tested this Eggs parasitized (%) 
year. Of these, only five did well at both loca
tions. This result illustrates the need to select and Plant pa: Resistant Susceptible 
test genotypes at more than one location and Leaf 94.9 (76.9 x 8.2)1 96.4 (79.0 x 8.2)l 
over a series of seasons. Flower 88.2 (69.9 x 4.9) 99.9 (88.2 , 4.9) 

Tile development of genotypes !hat show lPod 3.3 (10.5 x 2.8) 3.6 (11.0 , 13) 
exceptionally good compensation far pest dam- 1. Figures in parentheses are arc sine transformed values. 
age continued, and our selection from APAU along with SEs. 
2208 again proved to be outstanding. 

We continued to make progress in our colla
borative study with the Max-Planck Institute of be easily reared in laboratory cultures, and are 
Biochemistry, Munich, on the mechanisms of readily parasitized by R)ichogranmina spp. We 
resistance. One exciting finding in Munich was used 25-30 eggs site-' and repeated the experi
that the mot hs appear to be able to differentiate mcint eight times. [he percentages of the eggs 
between resistant and susceptible genotypes for that were pa rasiti/cd in these tests are shown in 
oviposition, even whel those genotypes are still Table 4. It can be seen that differences between 
in the seedling stage. Although we have not yet the genotypes were small and insignificant, but 
managed to detect clearly such differences that there waS a Very large reduction in parasit
between seedlings at ICRISAT Center. we \ill isi in the eggs placed on the pods. Further.sItidy 
give increased attention to this approach. The of the apparent deterrent effect of the pods on 
ability to select for resistance at the seedling egg parasitisn will b, condictcd. This pheno
stage in the laboratory, rather than relying on meno i Is important, as Inall tt. armiferaeggs 
open field screening at the podding stage, would aire laid on young pigeonpea pods in the field. 
greatly accelerate and facilitate our progress. 

Podfly (Mlelanagron;zaobusa) 
Biological control. Previous work at ICRI-
SAT Center has shown that II. arniiera eggs Importance and insecticide use. Although the 
collected from sorgluin are heavily parasitized podfly is most daniaging on long-duration cul
by Trichogranua clihwois, hut eggs collected tivars that are widely glo\\i in northern and 
from pigeonpea have little or no parasitism. Stu- central India, it can also cause substantial yield 
dies in the laboratory haIe also indicated that loss in the short-duration genotypes that appear 
eggs on pigeonpea are less attractive to 7. chilo- t, have a productivc futtre in ma n areas of 
nis than are those on sorghum. There was specu- India. In 1984 we identified a major podfly prob
lation that pigeonpea genotypes that are most lki on the very proc ictive new cropping system 
susceptible to the hylenopteran pcst Tanaostig- in which two or three harvests are taken fromu 
niodes cajaninaemay also be attractive to these short-duration pigeonpeas. In spite of intensive 
hymenopteran parasites. Consequently in protection with endosulfan, the 2nd and 3rd 
1983/84 we compared 7. chi/hnis parasitism harvests from such genotypes at ICRISAT Cen
rates in eggs placed on genotypes that were re- ter were severely damaged by podfly, with more 
sistant and susceptible to the hymenopteran than half the pods infested. Endosulfan is prim
pests in our laboratory tests. We used eggs of arily used to control H. armigera but has been 
Corcyra cephalonica in these tests since they can recommended for use against podfly in northern 

http:Further.sI
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India. Experiments at ICRISAT Center have ,
shown that endosulfain is not very efifective in . .>i+ ,.
controlling podflv. Alternative insecticides with 
some systemic action, such as dinlethoate and
 
llollocrotophos hav1%e beell sho\nl to give 
 lluch S
better podfly control. llowe\cr. the need to use 
two insecticides to control po ncr and podlly
 
may ha inper the extension of the \el v prod uctive
 
mnlti-liarx est system. 
 Ih is emplhasi/es tile needto find alternatis es to silig pestiMoes to controltile pest complex on pigeonpxi. , 

Illost plant resistance. Our search for plant
 
resistance to 
podliv has ident ified seeralI geno
types that have consistently reduced infestations 
Compared to tile comollyltV-groXVll cltivartl+S 
(Table 5). nforttnately the levels of resistance 
found arc not normally slficient to result in Podfly-damaged pigeonpeas; the eggs, larvae, anddetectable yield advances, so breeders and etlto- pupae develop inside the pod so there isno externallologists are uitiliing these genotypesniolgiss ill evidence of infestation until theutliingar tesegenoype in through the pod wall. adult fly emerges 
attempts to intensify tile resistance arid to corn
bine it with other desirable characters. 

Ou,r attempts to determine tile mecha nisils of 

Table 5. Relative resistance rating (R RR)I in pesticide-free conditions ofpigeonpca selections found resistant topodfly (M. obusa), I'RISAT ('enter, 1979-1984. 
Pigeonpea )ays to, 50 

Meanselections (lowering 1979 80 1980 81 1981 82 1982 83 19,3 84 RRR
 
T 21 (control) 
 87 6 6 6 6 6 6.01CP 909 E3 95 2 2 3 4 5 3.21918 (IG) 4EB 99 2 2 6 7 3 4.01CP 3328 E3 105 2 3 4 3 3 3.0ICP 1691 1.1 113 6 2 4 3 5 4.0ICP 7050 El 117 2 2 2 6 3 3.0ICP 10466 E3 118 3 3 7 3 4 4.0IPI 10531 El 119 2 2 3 2 2 2.2C I I (control) 119 6 6 6 6 6 6.0ICP 6977 El 120 3 2 NPT2 NT 2 (2.3)-1lCP 7941 El 129 2 2 4 2 3 2.6ICP 7946 El 132 2 3 3 3 4 3.tNP(WR) 15 (control) 132 6 6 6 6 6 6.0ICP 8102-5 SI 134 4 3 3 4 6 4.0ICP 7194-1 S4 147 4 4 4 4 4 4.0ICP 7176-5 162 4 4 3 5 5 4.2 
. RRR =Relati e rtesstance rating compared to standard conrolts on a 1-9 scale. ticre I ahsoltuie c sistance. 9 =higlt

susceptible. 
2. N NTit tested. 
3. Calculated fron three seasons' data tv. 
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resistance to podfly continued. The most sus- F, 85 in the F., and 42 between the F, and 17 
ceptible genotypes are generally those with generations. We advanced 97 F, s under sprayed 
larger pods. Differences in pod wall thickness conditions for selection in the F, and grew two 
and toughness, and in the density of glandtular trials with 15 Fs in each, one to determine the 
hairs on the pod surface have been found among reaction to tchliothisand the oher to determine 
both resistant and susceptible genotypes, but no the reaction to pod fly in relation to resistant and 
single factor has as yet been identified as consis- susceptible parents. We made 22 new crosses. 
tently associated with resistance. The two lhliothis-resistantlines we identi, ,:d 

last year from the c:oss ICPX 76239 (ICP 1900-
Breeding for Insect Resistance I I Bi)N I) (ICRISAT Annual Report 1983, 

pp. 164-165) ha, L hen designated ICPI. 84060 
During this year we continued our emphasis on and ICPi. 84061. They ranked Ist an d 2nd under 
accumulating resistance to Ihliothisandpodlly, sprayed conditions in a trial wvith other resistant 
and on improving the yield of resistant material, and susceptible germplasm lines(Table 6). ICII. 
Unfortunately we experienced a Ih'Iiuthisattack 84060 also gave a high Ist harvest yield in the 
in our segreg,.iing populations which was so unsprayed field. Both !ines had relativclv low 
severe that it was difficult to select resistant pod damage to Ist harvcst pods. We have 
plants. Among our progeny rows and bulks we entered these two lines along with four other 
selected 1447 single plants as follows; 1320 in the selections, ICPI. 84062. 84063. 84064. and 84065 

Table 6. Performance of Heliothis-resistant and -susceptible pigeonpea lines grown under sprayed and 
nonsprayed conditions, ICRISAT Center, rainy season 1983. 

Non- Sprayed Grain yield (kg ia-') 
sprayed Nonsprayed Pods bored (%) 
__ Plant 100-

Days to height seed Ist Total Ist 2nd 
ICPL Pedigree flowering (cn) mass (g) Sprayed harvest (2 harvests) harvest harvest 

84060 ICPX 76239 FB 12 EU 115 150 8.3 2130 700 (2)' 830 (7) 40 23 
84061 ICPX 76239 FB 17 EB 

C II (control) 2 
120 
123 

150 
140 

8.3 
10.6 

192(0 
1840 

550 (8) 780 
190(14) 1600 

(8) 
(I) 

48 
63 

21 
12 

PPE50-12 116 140 8.5 1730 300(11) 1290 (4) 66 II 

84062 

ICP 10466 
ICP 1903 (control) 
BDN I (control) 2 

(3193-12 , Prabhat)-2 

112 
120 
113 
99 

130 
140 
110 
100 

7.4 
7.5 

10.5 
7.2 

1730 
1700 
1510 
1360 

280(12) 
550 (7) 
240(13) 
840 (I) 

1360 (3) 
690 (11) 

1060 (5) 
970 (6) 

56 
49 
76 
36 

6 
20 
21 
30 

1CP 16912 117 130 8.1 1240 480 (9) 140(0 (2) 57 12 
84063 (3193-12,, Prabhat)-I 92 110 7.6 1150 650 (3) 750 (10) 34 23 
84064 ICPX 75560 E3 E13 99 110 7.9 1130 590 (5) 670(13) 36 27 
84065 TI21 x At vlosia 100 130 7.4 1110 690 (4) 760 (9) 40 19 

scarabaeoides 
ICPX 75560 Fi EB-B 98 90 6.2 1050 370(10) 530 (14) 46 25 
ICPX 77303 F4 EB-BX 97 H0 7.0 940 590 (5) 670 (12) 35 27 

SE - 1.1 ±5 -A0.19 ±139 ±67 ±80 
Mean 109 124 8.0 1466 499 953 
CV (%) 2 8 5 19 27 17 

I. Numbers in parentheses indicate rank within trial. 
2. HIhiothis-susceptible entries. 
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(Table 6) into our medium-duration multiloca-
tional trial. 

Biological Nitrogen Fixation 

Rhizobium Culture Collection 

About 200 Rhizobiun cultures have been freezedried this year. We supplied approximately 100 
units of Rhizobium strains, as peat inoculants or 
agar slopes to the All India Coordinated Pulses 
Improvement Project (AICPP) and other 
requesting scientists in India ard elsewhere. 

Screening Rhizabium Strains 

Sixteen Rhizohium isolates from pigeonpea
nodules collected from Gujarat and Maha rash-
tra were ,creened for nodulating and nitrogen-
fixing ability. The test cultivar, ICP 1-6, was 
inoculated with the test strains and grow, i:' a 
sterile sand-vermictlite-grit mixture irrigated 
with a nitrogen-free nutrient solution in a green
house. Six weeks a fter sowing there were signifi
cant differences between Rhiz,,/,itn isolates ill 
nlOdulation parvimeters and( plant dlry matter. 
However, none ol the isolates produced plants as 
large as those in a noninoculated control treat
ment supplied with 200 ppm nitrogen. Four of 
these thi.ohium isolates have bL.en chosen for 
further evaluation in field trials. 

Rhizobium Inoculation Trials in Farmers'
 
Fields
 

Previous studies in farmers' fields had failed to4 
detect responses of pigeonpea to inoculat ion 
even though soil nitrogen aid rhizobial ntumbers
 
were low (ICRISAT Annual Report 1982. pp.

144-145). This was suspected 
 to be due to inter
acting mineral nutrient deficiencies as soil
availab!e phosphorus levels were low. In 1982 we 
repeated these studies but included fertilizer
treatments. Again. no significant responses to 
inoculation were found for nodulation, acety-
lene reductasc acti\ity. plant dry-matter yield, or 
grain yield. However, addition of 100 kg ha-I 

nitrogen, 17 kg ha-' phosphorus, and 1.2 kg ha-' 
molybdenum significantly increased dry-matter 
yields at sonie sites. These studies highlight tile 
need to identify and partition the effects of various environmental limitations pigeonpeaon 
growth when interpreting inoculation responses. 

Residual EIffect of Pigeorpea 

Previous studies sugtested that the beneficial 
residual effect of pigeonpea on a subsequent
maize crop was primarily due to fallen pigcon
pea plant parts (ICRSAT Annual Report 198t1 
pp. 133-136). Thus we imposed treatments where
by pigeonpea cultivar ICIP I was harvcsted at 130 
days after sowing (1)AS). at 260 !)AS on plots
kept litter-free, antd at 260 I)AS oil plots whereaccumulated litter was incorporated into the top
soil after harvest (Fig. 10). Iti 1982. maiz (1Dcc
can [lybrid 101) was tiformlv grown on all 
plots. Therc was no significant effect of litter on 
grain yield, above-ground (id-\, matter, or uptake
of nitrogen and phosphorus by the maic (Table 

-. 

. 

Figure 10. Pigeonpea trial after harvest showing (fore
ground) plots cleared of all litter and (center) plots
with residual litter that will be incorporated into top
soil, ICRISAT Center, 1984. 
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Table 7. Effect of pigeonpea grown for various periods with and without fallen plant parts on grain and above
ground dry-matter yields, and nitrogen (N) and phosphorus (P) uptake ofmaize grown in the following year on a 
Vertisol, ICRISAT Center, rainy season 

Treatment 

Harvested at 130 days 
Harvested at 260 days, removed litter 
Harvested at 260 days, left litter 

SE 

CV (%) 


Table 8. Dry matter, N, and P contents 

1982. 

Maize (kg ha-') 

G-ain 
yield 

Above-ground 
dry-matter 

N uptake 
by tops 

P uptake 
by tops 

2360 6220 51.4 7.0 
1940 5320 43.0 6.2 
1/19 5130 38.5 5.9 
±109 ±203 ±1.52 ±0.22 

23 15 14 14 

of pigeonpea leaf litter ina Vertisol, ICRISAT ('enter, summer 1982. 
rreatment l)rv matter (g) Ncontent(g) 

Soil surface 
at day 0 
at day 73 

39.- (±0.33)1 
27.9 (±1.71) 

0.67 (±0.010) 
0.30 (±0.200) 

Buried 
at day e 
at day 73 

3t.3 (±2.36) 
15.2 (±3.16) 

0.61 (±0.043) 
0.26 (±0.053) 

1. SE values shown in parentheses. 

7). However, hiose values were significantly 
higher where pigeonpea had been harvested at 
130 DAS. Further long-term experimentation is 
needed to understand why both negative and 
positive residual effects of pigeon pea can occur. 

We studied the dccomposition rate of pigeon-
pea leaf litter during stniner 1982. L.ittcr \\,as 
placed it- n, ,on bags which were either kept on 
thsoils surface, or buried 10 ctn deep. After 73 
days in a Vertisol the litter had lost approtxi-
lacly half of its (IryTatte, nitrogen, and phos-

phorus, with the losses being greater in buried 
samples (Table 8). 

Grain and Food Quality 

Cooking Quality 

P content (g) 

0.040 
0.020 

0.t134 (±0.0030) 
0.012 (±0.0030) 

cations) at eight Indian locations (Coinmbatore, 
(iulbarga, ICRISAI Center, .Jabalnur, .lalna, 
.l1tnagad h, Krishinagar, and Sardar) in the 1982 
rainy season. Both replications were pooled 
before preparing dhal for a oal'sis bccaLtsC onV a 
limited quantity of ced \\as available. We 
soaked saimplcs in \watet for 8 i, dried them at 
60'" overnight, and then decorticat,.d thel it a 
barley pearler. lhc resulting dhal samples were 
analy/cd for cooking time, water absorption.
and texttre. We estimated cooking time by 
cooking in an open vessel and (letertuitned dhal 
texture using a Instron food-testing machine. 
Preliminary resttlts indicate that cooking qutality 
characteristics did not show large ""'erenees 
betweertthe cttltivars grown at di fferent 
locations. 

Protein Quality
We studied the effect of geographical locations 
on cooking quality of'pigeonpea. Seven ctltivars We determined the amino acid composition of 
(1CPH 2, ICPH 5, 13DN I, BI)N 2, AS 71-37, 16 genotypes representing normal and high pro-
MAUL 175. and C II) were grown (in two repli- tein pigeonpea lines. Tryptophan content was 
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also determined after alkaline hydrolysis. Pro-
tein content of these lines ranged from 22.7 to 
30.2%, whereas sulfur-containing amino acids, 
methionine, and cystine varied from 2.25 to 2.80 
g/ 100g protein. The correlation between methi
onine plus cystine and protein was negative but 
non-significant, indicating tile possibility of 
increasing protein content without greatly 
affecting tile quantity of sutlur-containing 
amino acids. The tryptophan content of these 
lines varied from 0.59 to t.94 g, 100g protein and 
a negative corrclatien of r--0.60** was obtained 
between their protein and tryptophan contents. 

We analyzed 3396 whole seed and dhal sain-
pies of breeding material for protein content. 
The protein content of 227 dhal samples, includ-
ing high protein lines, varied from 18.6 to 31.5%b, 
whereas the protein content of whole seed sam-
pies ranged from 14.6 to 23.5%. The protein 
content of'975 dhal samples of germplasm acces-
sions varied from 16.1 to 29.5('i. Methionine was 
estimated in 899 and tryptophan in 529 defatted 
dhal samples. Methionine contents ranged from 
0.71 to 1.56 g/Ittg protein, whereas tryptophan 
ranged from 0.55 to 0.95 g, 100g protein. 

Breeding for Protein Content 

We compared the amino acid profiles ofthe high 
protein lines derived from inter-generic crosses 
that we reported last year (ICR ISAT Annual 
Report 1983, p. 171). l'he results indicated that 

the quantity of the important sulfur-containing 
amino acids methionine and half cystine was 
similar to that in the adapted cultivars Pant A2, 
T 21, Baigani, and ICPL 270. 

Sugar Analysis 

)eveloping seed samples of BDN 1,fly 3C, ICP 
7035, IC1P 6997, and ICP 11947 collected at 20, 
25. 30, 35. and 4) I)AIl during the 1982 rainy 
season at ICRISAT Center were analyzed for 
their sugar content. Total soluble sugars were 
determined by a colorinmetric method in freeze
dried samples. Using thin layer chroinato
graphy, we determined glucose, fructose, 
sucrose, raffinose. stachvose, and vcrbascose 
contents. Although the levels of these slgars did 
not vary greatly between the cultivars, remark
able differences were observed in the levels of 
these sugars at different stages of maturation 
(Table 9). The level of glucose + fructose 
decrcased whereas that of sucrose increased as 
the seed matured. 'I hle[Ia tIlence-ca usiirg sugaris 
raffinose and stachyose, present :n very low con
centration duiring the carl.' stages of maturation. 
increased during the later stages. Another 
flattlence-calusing sigar, verbascose, notwas 
detected in the early stages of maturation, but a 
large amount of this sugar was present in tile 
mature seed, showing that flatulence-causing 
sugars are accumulated during the later stages of 
seed maturation. 

Table 9. Levels of soluble sugars at different stages of seed maturation (measured in DAF) ofpigeonpea cultivar 
BDN 1, ICRISAT Center, rainy season 

Constituent 

Glucose + Fructose, 

Sucrose' 

Raffinose' 

Stachyose' 

Verbascosel 

Total soluble sugar2 


I. gl 100 g soluble sugars. 
2. gl 100 g seed sample. 
3. ND = Not dzcted. 

1982. 

Days after flowering (l)AF)
 
20 25 30 35 
 40 

29.3 22.0 35.2 11.4 7.3 
34.2 46.1 40.0 33.8 32.7 
4.1 3.0 11.2 18.3 14.6 
2.7 . I 4.6 17.0 14.8 

ND' N1) NI) 17.0 23.9 
6.3 5.) 4.2 3.9 3.8 



Pflteonpwa 185 

Chemical Analysis of Podfly-Resistant and ICPL 87 which gave 5500 kg ha-' from three 
-Susceptible Lines harvests in 217 days (ICRISAT Aii:J Report 

1983, pp. 171-172).
Tender pod walls of four podtly-resistant and In 1984 1C1, 87, selected froin the cross 21 
-susceptible lines each grown in four replications - JA 277, was identified by AICPIP and pro
were collected at ICRISAT Center during the posed for release in the Peninsular Zone of 
rainy seaso, 1983. Crude fiber (cellulose), acid- India. There was also a pre-relcase proposal for 
detergent fil:.r (cellulose + lignin), nitrogen frac- Maharashtra State submitted by Marath\\'ada 
tions, soluble sugars, and phenolic compounds Agricultural University. 
were analyzed in oven-dried (60'C) finely- There is presently no pigeonpea cultivar in 
ground samples. We estimated the lignin content India like ICPl, 87. This line is ofnedium height 
by measuring the difference between crud,: fiber with determinate growth habit, and compared 
and acid-detergent fiber. No clear-cut differta.ce with most Indian cultivars produes large pods 
in the levels of these constituents was observed with large seeds. Tlie pods hlave red stripes and 
between resistant and susceptible lines, the seeds are brown. It is tolerant to wilt. 

Although it matures after I PlAS 120 aInd bJore 
Plant Improvement 1 21 it isgenerally considered too late for rota

tion with wheat in northern India. When allowed 
to Mature fully it has consistentlv given high

Short-Duration Pigeonpea yields (Table 10). ('P1, 87 isparticularly Useful 
for multiple harvesting as it has continued to 

The area sown to short-duration pigeonpea con- remain green and productivc aflter each of three 
tiraued to expand in northern India moving into pickings so long as there was sufficient available 
some areas previously planted to long-duration soil moisture. 
pigeonpca. Short-duration pigeonpea is also As we reported last .year (ICRISAT Annual 
showing potential to yield well in peninsular Report 1983, pp. 172-175) the practice ofsowing 
India and at our cooperative station in Bamako0, i pigconpea /mung bean intercrop in April has 
Mali. Because this type of pigeonpea matures produced good grain yields along with abundant 
early, it generally has more flexibility to fit well wood for fuel. Pigeonpeas sown at that time 
into existing cropping patterns. Thus it has been usually start flowering when the temperatures 
grown in rotation with wheat in northern India arc very high. These high temperatures may 
and sown early as ai intercrop with short- cause most flowers to drop, or completely sup
duration legumes such as nung bean and press flowering so that there are no pods set until 
groundnut. Some lines have been shown to give the temperatures drop in .1uncend orJuly. Some 
excellent 2nd and 3rd crops. One such line is of our extra-short-duraition determinate lines, 

Table 10. Comparison of pigeonpea lines ICPI. 87 and tIPAS 120 grain yields (kg ha-1 ),Ilisar, 1979-1983. 

Grain yield (kg ha-1) 

Lines 1979 1980 1981 1982 1983 Mcarn 

ICPL 87 1930 3000 3030 3050 2370 2676 

Control 
UPAS 120 1280 2140 2400 2150 14551 1885 

SE ±86 ±110 ±171 ±139 ±200 

CV (%) 20 10 II 8 26 

1. ICPL 4 used as control in 1983. 

http:differta.ce
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Table 11. Performance of some prom*sing pigeonpea lines intercropped with mung bean, HLAr (sown in April),
1983. 

Yield (kg ha-1) 

Plant 100-seed Mung Pigeonpea grain 
Days to height mass bean .ul NovEntry Total FPigeonpeaflowering (cm) (g) grain harvest harvest Total grain dried stalk 

Determinate 
ICPL 87 
ICPL 94 
ICPL. 148 
ICPI. 312 
ICPL 289 
IC P , 267 

76 
76 
78 
89 
88 
67 

275 
235 
235 
205 
185 
195 

11.6 
9.1 
9.5 

13.0 
!0.8 
8.4 

820 
970 
520 
580 
590 
780 

0 
70 
40 
50 

120 
180 

3840 
2800 
2640 
2110 
1930 
1600 

3840 
2870 
2680 
2160 
2050 
1780 

4660 
3840 
3200 
2740 
2640 
2560 

22800 
15510 
23730 
15050 
5790 
7180 

Control 
ICPI. 4 78 175 6.4 380 280 120) 1480 1860 10420 
SE ±2.2 ±14 ±0.30 ±196 t237 - - ±1205 
Trial mean (n=13) 75 208 8.6 678 84 1970 2054 2732 13240 
CV (%) 4 9 5 20 -  17 -13 

Indeterminate 
ICPI. 161 
ICPI. 314 
ICPI. 189 
IC11l. 186 

191 
184 

186 
190 

292 
294 

303 
299 

9.0 
8.7 

8.2 
9.4 

570 
650 

830 
1020 

0 
0 

0) 
0 

2490 
2280 

2270 
2240 

2490 
2280 

227) 
2240 

3060 
2930 

3100 
3260 

32180 
18980 

29170 
22920 

Control 
I 21 191 286 6.7 700 0 1940 1940 2640 24770 
SE ±2.1 ±10.5 ±0.20 t74 - t133 --.- ±1564 
Trial mean (n=14) 177 287 8.2 T12 2013 2013 2785 19280 
CV (%) 2 7 4 19 -- 13 .16 

however, can flower and set pods under high damage caused by 11artca testtuais and Cydiatemperatures and are capable of producing a critica sp was particularly severe in the extracrop in July fol!owed bya 2nd crop in November short duration lines (Table 12). Among the(Table I I). The early flush of flowers and pods is extra-short-duration lines ICPL 317 gave a highusually heavily attacked by pod borers, so judi- yield this year. lICP. 316 yielded as well as thecious use of insecticides will be essential to control ICPI.4 (a line frlon Prabhat), had goodobtain maximum benefit from this system. In seed size, and showed resistance or tolerance to1983 the total yield of grain and wood using this wilt. phytophthora blight, and SM. It also persystem was very high. formed well in the 1981 and 1982 trials at Hisar. 
The normal-season trials sow11 in Iate .Juneat

Hisar also gave high yields (Tables 12 aid 13). Medium-Duration Pigeonpea
This was in spite of abnormally warm, dry
weather, which caused excessive vegetative At ICRISAT Center our major pigeonpeagrowth, higher-than-normal flowerdrop, and an breeding activities continued to be with mediumunusually high incidence or insect damage. The duration types. During the year we made 102 
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Table 12. Performance of some promising extra-short duration, determinate pigeonpea lines sown in June, 
Hisar, 1983. 

Plant 100-seed Grain
 
Days to Days to height mass yield
 

Lines flowering maturity (cm) (g) (kg ha')
 

ICPL 317 72 156 205 8.8 3110 
ICPL 8306 73 151 215 7.6 2260
 
ICPL 287 72 165 180 8.4 1830
 
ICPL 316 70 164 150 9.0 1640
 
Control 

ICPL 4 77 136 135 6.3 1620 

SE ±0.6 ±2.5 ±2.9 ±0.20 ±77
 

Trial mean (n=14) 74 152 180 8.2 1766
 

CV (%) 2 3 3 4 9
 

crosses, grew out 259 F~s, more than 4700 single- Late-Matumity Pigconpea Wilt Resistant Yield 
plant progenies, 179 bulk populations, and Trial (L13WRY). 
tested 1245 advanced lines for yield. Work on In our advanced lines yield trials three 1CRI
this maturity group also continued to emphasize SAT lines significantly outyieldcd the control 
development of lines that resist pests, diseases, variety (walior 3 at M'orena alnd yielded well at 
and abiotic factors that reduce yield. (Details Gwalior (Table 14). Also at (walior we had a 
appeared earlier in this report). severe frost that gave us all opportunity to select 

breeding lines with frost tolerance or resistance. 
Long-Duration Pigeonpea Their reaction is being confirmed at I-isar. 

We continued to breed long-duration pigeonpea Hybrids 
at Gwalior and to conduct trials at the Morena 
Center of .Jawaharlal Nehru Krishi Vishwa New hybrids. \Ve produced and tested 27 
Vidyalaya, 35 km north of (iwalior. We are short-duration and 26 inedin m-duration hybrids 
emphasizing breeding long-duration lines resis- using six malc-sterile stocks and 28 pollen par
tant to wilt, sterility mosaic (SM), phytophthora ents. One of otlr short-(-durat ion lhybrids, ICPH 
blight, and podfly in order to sta'bilize crop 8, has significantly outyielded tie widely
yields. Based on good performance over a range adopted cultivars UIAS 120and T21 for 2 years 
of environments IC11I. 366, a selection fromi the (Table 15). This year we are producing enough 
germplasm collection ICP 7105 that is SM- and seed of ICPH 8 in isolation for m1ltilocational 
alternaria blight-resistant. and has bold seed, testing in 1985. 
was entered in the Late-Mat urity Arhar Coordi
nated Trial (ACT 3) of AICP IP. ICPI. 84072, a Conversion. Our sou,'ce for the mis, male
selection from ICPX 74360 (ICI 7065 - ICP sterile gene was named ICPP I by the ICRISAT 
7035) with resistance to all the three major dis- P'lant Material Release Committee. This source 
eases (wilt, SM, and phytophthora blight P2 has been used to introduce male sterility by 
isolate), was included in both the All India Coor- backcrosses into 12 lines that have either good 
dinated Late-Maturity Pigeonpea Sterility Mo- combining ability and/or some other special 
saic Resistant Yield Trial (.PSRY) arl- the characteristic, such as large seeds or disease re
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Table 13. Performance of some promising short-duration pigeonpea lines sown in June, Hisar, 1983. 
Days to 

Lines flowering 

ICPL 8311 
 80 

ICPIL 289 
 75 

ICPL 8308 
 104 

ICPL 8309 
 78 


Control 
ICPL 4 
 75 


SE ±1.3 


Trial mean (n=26) 83 


CV (%) 2 


ICPI. 84023 
 79 

ICPI. 84026 
 79 

1CPI. 84025 
 104 

ICPL 84022 
 91 

Control
 
ICPL 87 
 105 


SE +1.9 

Trial mean (n=36) 87 


CV (117) 3 

ICPIL. 84048 
 102 

ICPL. 84045 
 95 

ICPL 84044 
 97 

Control
 

UPAS 120 
 105 


SE ±1.7 


Trial mean (n=30) 98 


CV (%) 3 


ICI'I. 8,1052 94 

lClPL 84050 
 97 

ICPI. 84051 
 95 

Control
 

UPAS 120 
 107 


SE 
 ±1.0 


Trial mean (n=30) 103 


CV (%) 2 


Days to 
maturity 

159 

152 

168 

155 


139 


±2.5 

159 


3 


167 

157 

176 

173 


180 


±3.6 

166 


3 


164 

165 

J64 

167 


±2.9 

162 


3 


166 

169 

160 


169 


±2.0 


169 


2 


Plant 
height (cm) 

216 

112 

219 

215 


204 


±4.2 

201 


4 


223 

215 

214 

195 


219 


±8.7 


207 


5 


259 

267 

269 


268 


±9.2 


256 


6 


261 

253 

259 


261 


±10.0 


257 


7 


100-seed Grain yield 
mass (g) (kg ha-') 

9.8 2390
 
10.2 2300
 
10.4 2110
 
10.2 1890
 

6.2 1300
 

±0.3 ±138 

9.37 1805
 

5 13
 

9.0 3010
 
8.6 2840
 

10.1 2460
 
12.2 2410
 

11.2 2260
 

±0.36 ±180 

9.13 1967
 

5 11
 

9.1 2750
 
11.1 2520
 
12.2 2550
 

7.4 2360
 

±0.2 ±176
 

8.90 2075
 

4 15
 

10.1 3010
 
7.4 2780
 
9.8 2740
 

7.3 2090
 

±0.2 ±179
 

8.97 2362
 

4 13
 

sistance. These male-sterile lines will be used to Considering the need for disease-resistant
broaden the genetic base of female parents in our male-sterile stocks in the production of disease
hybrid project, and will be made available to resistant hybrids, the progenies of wilt-resistant
those breeders interest d in producing hybrids. converted lines C II, 
 BDN 1, NP(WR)15, and 
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Ta'le 14. Performance of promising pigeonpea lines in yield tests of long-duration, advanced lines, Cwalior' 
and Morena, rainy season 1983/84. 

Grain ,ield (kg hia-')
Days to Days to I00-seed 

Entry flowering maturity mass (g) Gwalior Morena Mean 
ICPI. 354 148 255 3.3 2710 (10)2 3120 (I) 2912 
Control 

Gw 3 151 252 8.4 2730 (9) 2460 (12) 2594 
SE +1.6 ±1.5 ±0.37 ±306 ±219 + 

Trial mean (n=16) 149 253 8.6 2690 2580 2636 
CV (%) 2 I 7 23 15 -


ICPI. 83140 149 252 9.2 2570 (2) 314(0 (2) 2853
 
ICPI. 83143 152 251 8.5 2040(12) 3160 (I) 2601
 
Control 

Gw 3 148 256 8.5 2130 (9) 2370 (16) 2249 
SE ±1.3 ±1.2 ±0.26 ±277 ±245 -

Trial mean (n=20) 150 252 8.8 2150 2600 2372 

CV (%) 2 I 5 26 16 

I GAin yield dta only. 
2. Figures in parentheses repiesent mxerall ank in trial. 

'Table IS. 'erformance of short-duration pigeonlea hybrid 1('111 8grown in 1982 and 1983 at II isar. Characters 
other than yield are only reported for 1983. 

Days to )avs to Plant Seeds 100-seed - ield (k ha') 
Entries flowering [natu rity height (cm) pod-' mass (g) 1982 1983 Mean 

ICPI 8 108 171 312 3.8 8.9 3900 3560 3730 
Controls 

UPAS 120 106 173 274 3.5 7.8 2230 2660 2445 
r 21 112 171 308 3.6 8.3 2930 2510 2720 
1177-216 91 151 259 3.4 7.9 2170 
SE ±0.8 ±1.7 ±8.5 0.18 ±t0.15 -100 -176 

CV(%) I 2 5 9 3 8 13 

ICP 3783 were screened for resistance in the Witli the availability of disease-resistant male-
ICRISAT wilt-sick nursery along with 65 selec- sterile stocks we will be able to develop medium
tions from MS 3A. From all this material we duration wilt- and SM-resistant hybrids. To 
found over 30 progenies that had less than 10';, meet future needs we have identified more 
wilt. We will attem pt to confirm the resistance of disease-resistant and agronomicall\y-stuperior 
these lines in the coming year using sib seed. lines in different rnmaturitvygroupls for coniVersion. 
Nine male-sterile converted progenies of' ICP 
3783 were also found to be completely free from Clonal p)ro)agation. l)uring this \'ear we dem-
SM disease. onstrated the ease with which pigeonpea cuttings 
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can be used to propagate special material. We 
used pencil-thick pieces around 15 cm long, 
either grown dipped in a hormone solution, or 
dipped in a commercial hormone powder and 
planted in moist sand (Fig. I ). Our previous
attempts using mist propagators had been 
plagued by the material rotting, probably
because of excessive humidity. This procedurc 
will perrm it productionr of genetically\-nunil form 
lines for special studies, e.g.. on wilt resistance, 
and Rh/izohiwor infection. Because there is 
approximately 20"1 outcrossi rig ill pigeoripea it 
is difficult to produce genetically-uniform seed 
for such studies. In addition we have used it to 
maintain and propagate special material such as 

male- and female-sterile plants, telraploids, and 

certain mutallints \with low fertility. 


0 -Observation 

" . - ", 

I 

S-.Cooperation

I ,J 

0c" 

,I('AR/I(1RISAT 

"' r 

Figure IL Rooted pigeor'pea cutting grown with 
lower end dipped in aqueous hormone solution. 

Cooperative Activities 

International Trials 

International Pigeonpea Wilt Nursery 

For the past 2 seasons, we have been testing 
pigeon pea lines that have shown resistance to 
\wilt at ICRIISAT Center for their performance 
against wilt in Ken\va and Mala\i. This year \'e 
started an International Pigeonpea Wilt Nursery
(IPlWN) for Uniform test ing of 64 entries at 
Katu nini, Kenya, ai(l lFnd hwe, Mal \\vi. The 
results are reported in ICRISAI Pulse IPathol
ogy Progress Report No. 43 available from the 
Pulses Improvement Progran, ICRISA]. 

Dturing 1984 we distributed almost 200 yield 
ralIs to wvorkers Iin 17 counnt ries. The Pigeon pea 

Nurser, (P()N) continued to be the 
single illost-requested trial. Whe researchers 
gro\' this nursery' its W\'ide ringe o1 iatulritv, 
plant types, and resistances perilits them to 
,dentif, the class or type of material suited to 
t lielIr growing cor(tlitions. Results from I'ON 
.ih'e helped us identify which of our elite yield 
trianls to send as a I*llow-up if requested. Short
( 10-1drato or' almiost 70( of tiletrials accounted 

follow-np trials dispatched in 1984.
 

All India Coordinated Trials 

with Al I('lI' 

All India Arhar (Pigeonpea) Varietal Tri
als. \Ve continued to screen entries and breed
ing inaterials I'orn- AlClPIP scientists for' 
resistance to w 'lt,phvtophithora blight, and SM, 
and communicated our results to theni. 

disease nurseries. We oper
led four cooperative disease rnLrseries with 

A ICI P pathologists. These were: ICAR IICRI-
S TAtJ niforrn Trials of Pigeonnpea for Wilt Re
s ance (IUTIIWR), Steility Mosaic 
Resistance (1111ISNI,), Plivtophthora Blight
Resistance (IIUTPPIIR), and Alternaria Blight
Resistance (IIUTPABR). The results of tie four 



Table 16. Performance of ICRISAT pigeonpea entries in All India Coordinated Pulses Improvement Project 

(AICPIP) ACT 2 trial at eight locations in Peninsular India, rainy season 1983. 

Years Days to l)ays to Plant 100-seed (rain yield 

Entries tested flowering maturitv height (cili) mass (g) (kg ia-') 

Hybrids 
ICPtH 2 
ICPH 7 

4 
2 

119 
134 

164 
167 

146 
154 

7.5 
8.1 

1760 
1800 

(3)' 
(2) 

Lines 
ICPL 270 
ICPL 304 
ICPL 265 
ICPL 295 

3 
2 
1 
I 

122 
132 
133 
131 

165 
169 
166 
168 

139 
146 
162 
147 

10.1 
9.4 
7.7 
8.6 

1810 (I) 
1670 (8) 
1610 (12) 
1600 (14) 

Controls 
BDN I 
C II 

-
-

122 
128 

159 
168 

131 
150 

9.5 
9.1 

1600 (13) 
1720 (6) 

Mean --..... 

1. Figures in parentheses represent overall rank in trials. 

nurseries were presented separately in ICRISAf 

Pulse Pathology Progress Repo rts Nos. 

36,37,35. and 42, respectively (obtainable Ironii 
the Pulses Improvement Program. I(RIS,,Vf). 

We continued to cooperate with Al (l P. One 

quarter of thecntries in the 1983 84 Afrhlf Coor-

dinated Trials (ACT) were stuhnitted by ICRI-

SAT it li In the extra-extra-early trial 

(:XACT), nine in the extra-early trial (IEACT), 

two in the carly trial (ACI 1). seven iII the 

tiiediuini-niatttring ti ial (ACT 2), and lotr in the 

late-maturing trial (ACT 3). 

In EACT ICPl. 8/. 151, 155. and 317 looked 

good, all heing deterininate and having good 

yield and seed si/c. ICP1. 317 is particularly 

interesting because of its large white seed. IntImatic 

ACT I ICPl. 189 generaliv yielded os well as thc 

control cultiva r T 21 but had larger x;eds. 

In ACT 2, tie two hybrids ICPll 2 and I('1PI 

7 performed better than the control ,.ltiva rs 

(Table 16). ICPI. 270, aii advatced breeding 

line, continued to perform well. On tile basis of 
mean performance over eight locations in the 

Peninsular Zone. ICPl. 270 ranked Ist followed 

by ICPH 2 and ICPH 7. 

1600 

Workshops, Conferences, 

and Seminars 

Pigeonpea Scientists' Meet 

Over 50 pigeonpeia scientists from Australia, 

Cape Verde Islands, India. Kenya, the Philip

pines, and Thailand attended a nieet to see work 

on short-duration pigeonpea at I IAL. 1lisar,18

20 October. There was a sharing of ideas anong 

participants reprcsenting breeding, fpathology, 

entonmology, physiology, agronony, and illICro0

biol ogv disciplinies. Reports ii(icated a dra
increase in the area being sown to 

slor-doratioi pigeoi pea acIeedd for still earlier 

cultivars: tle necessity of easier pest control to 

enstire ear vymaturitv and high yields: a need for 

short-duration pigeon peas resistant to piiy

toplithora blight and sterility mosaic, and an 

increasing interest in short-duration pigeonpea 
from countries outside India. Selections were 

made by the participants from ICRISAT mate

rial in the field. 
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drought environments, and crop improvenment
for drought tolerance. Wateilogging, salinity,
and low pH problems wered iscussed in depth, in 
terms of (lie relative Merits of amelioration, or 
crop improvement stra tegies to cope with4/ 	 thep r o b le m . 

It was apparent frhou the deliberations that 
verV limited irfornation isavailable on the 
response to drotllt and other stresses in both 
the crops, and on drought in pigeonpea in partic
ular. Proceedings are it, preparation and will be 
available f'romi Inlornmation Services, ICRISAT. 

Looking Ahead 

WC expect to provide short-duratioll lines suita
ebleor early so\ing iitercropped in north,,est 

India with short-dutilrti l c rlu ass s.'uch unig
hean. \Wc expect also to proside extra-shot
1uration lines that ca t be So\\ ITin the sarlie aCa 
as late as carl .\ugtusn. , hal .,ested hw Illid\et be 
Nocnbhl in triie to plait letll.
Visiting scientists inspecting short-duration pigeon-	 With thC StaItHoring of a pigeorilpa hreeder at tie (.i\%,aliolpea and making selections of I'RISAT material dur- cooperain t icsea rclh center \\C \\illitlltelsif\ otrrring meeling at Illisar, October 1984. efforts to breed long-d(lrationt pigeontpeas \%ith 
stable high yields. We\\ill cotnitinte to cross the
 

Consultants Workshop oil Adaptation of 
bigh-perfo,'-arice, material
resistant \e ha\e
bred illorder to proltIcc high-perlformai ice gcci-Chickpea and Pigeonpea for Tolerance to otpes of all miat- ity groups \\ithi corn biiedAbiotic Stresses disease arnd insect resistanrces. 

Work on detenmi iThis workshop was held at 	 ng optiinurm agroioniicICRISAT Center., plactices Ion lii ltiple-Ia vCsT s.\steris of early19-21 l)ecenbcr to review the current knowl- pigeotipeas \\ill continue. Situdics on drought,
edge on chickpea and pigeonpea tolerance 
 to and interact ius betweensuch abiotic 	 drought atid tiiirieralstresses as water (drought and

waterlogging), salinity, pit, and others, and to 	

nutrient stress will inten.,i f. screening Ior toler
arice to salinity and \waterlogging \ill continue.
forili ula te a program of future work. Five con- Invsestigations of possible annual characters insultantsfrom foir countries and ICRISAT staff pigeonpea \ill be undertaken.participated. 	 Responses of 
pigeotipea to shading, particularly to determineThe meeting found a need for a proper assess- reactions of di ffererit gcIotypes to intercropment of tie magnitude, and timing of occurrence ping, will be studied.of different types of stresses, and the relative 

losses in yield that they induce in these two crops 
We will develop appropriate methodology to

enable us to detect situatioms where pigeonipea isin different regions. Discussions on drought 	 likely to respond towere 	 rhizobial inoculation.around three major points: climatological
quantification, 	

Methods for detecting ditTerences between RIhizcrop management strategies in obiwm strains, and N-fixing ability iii pigeonpea 
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genotypes will be refined. Studies on the residual Rupela, O.P., Dart, P.J., Toomsan, B., Singh, D.V., 
effects of pigeonpea will continue. An assess- Subramaniam, D., and Sharma, BK. 1984. Facility 
merit will he made of the potential for mycor- for growing plants in test tubes at ICRISAT. Infornma

rhizal inoculation. tion Bulletin no. 18. Patancheru, A.I. 502 324. India: 

We expect the analyses ofthe pheromlone and International Crops Research Institutt for the Semi

light trap data to increase our understanding of Arid Tropics. 8 pp.
 

the factors that influence the seasonal popula- Thompson, J.A. 1984. production and quality con
tions of IHeliothis armnrqera. Progress in host- trol of carrier-based legume inoculants. Information
 
plai.t resistance to both pod borer and podfly Bulletin no. 17. Patanchern, A.IP. 502324, India:
 
should soon make available genotypes that w\'ill International Crops Research Institute for the Semi

ensure good yields under farmers' field condi- Arid Tropics. 37 pp.
 

tions without excessive use of pesticides.
 
We will intensify our studies on the physio

logic races of variout,: pathogens. Purification of 
the sterility mosaic virus will be attempted. Journal Articles 
Epidemiological studies on wilt and phytoph- Kannaiyan, ., and Nene, Y.L. 1984. EIfficacy of 
thora blight will continue. Work on fungus- Metalaxyl for control of phytophthora blight of 
nematode interaction will be initiated. pigeonpea. Indian Phytopathology 37:506-510. 

Kannaiyan, I., Nene, Y.L.., and Bisht, V.S. 184. 
Ridomil application methods for the control of 
pigconpea phytophthora blight. Indian IPhytopath
ology 37:384. (Abstract.) 

Kannaiyan, .I., Nene, Y.I,., Reddy., IN.V., Ryan, ,I.(., 

and Raji, T.N. 1984. Prevalence of pigeonp)ca dis-
Publications cases and associated crop losses inAsia. Africa and 

the Americas. Tropical Pest Management 30(1):62
71.Institute Publications 
Kurnar, P.S., Subrahmanyani, N.('.. and Faris,KuaPS ubhmnm NC.ndFrsFar s, D.G., and Scheuring, J.14'. 1984. Pigeonpea forFar AfD.c., anduls cropihgreat pote.nt9 for D.G. 1984. Nucleolar variation in a. Pnpe pigconpea inter-

W :st Africa: a pulse crop with great potential. Patan- gnrchbi:eiec o loydtcrcmia 
cher, AP.ndia 0234,IC ISA . 9pp.generic hybrid: eidence for allosyndetic reconibina

cheru, A. P. 502324. India: ICRISAT. 9 pp. tion. Canadian Journal of Genetics and Cytology 

ICRISAT (International Crops Research Institute for 26:499-505.
 
the Semi-Arid Tropics). 1984. loisd'Angole: legunii- Kumar Rao, J.V.I).K., Dart, P.,.. and Usha Kiran,
 
neuse a grand potentiel en Afrique de l'Ouest. Platan- M. 1984. R/,izohium induced leaf-roll in pigeonne:i
India 9e 502324, M.iu1984. indtAT lpfrpl.npge
eru, A. P. 502 324, India: I'IRIS AT. 9 pp. (Ca/anus ca/an (1L.)Millsp.). Soii Biology and Bio-


I CRISAT (International Crops Research Institute ,or chemistry 16:89-91.
 
the Semi-Arid Tropics), Pulses Improvement Pro- Reddy, N., Kannaiyan, 1, and Nene, '.I. 1984.
 
gram. 1984. International Pigeonpea Newsletter no.3 Increased susceptihility of SM in lected pigeonpeas to
 
(Faris, D.G., ed.). Patancheru, A.P. 502 324, India: powdry mildew. International JurnaI of Tropical
 
ICRISAT. 76 pp. lPlant Disease 2:3540.
 

ICRISAT (International Crops Research Institute for Saxena, K.B., and Sharma, 1). 1983. Early genera
the Semi-Arid Tropics). 1984. Grain legumes in Asia:
f Cosulatie tion pigonpea. Tropicalsummry rocedigsth Goup testing in lplant Science summary proceedlings of the Consultative Group Research 1(4):30)9-3 13. 

for Asian Regional Research on GrainMeeting 

Legumes (Groundnut, Chickpea, Pigeonpea), 11-15 Sharma, D., and Sharma, K.B. 1983. Genetic analy-

Dec 1983, ICRISAT Center, India. Patancheru, A.P. sis of some leaf characteristics of C(a/anus ca/an (L.)
 
502324, India: ICRISAT. 98 pp. Millsp. Field Cropi Research 7:257-263.
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GROUNDNUT 

Seventy percent of the world's groundnuts, more 
than any other legume, are produced in the sei-
arid tropics (SAT). Containing approxinratcly" 25% protein and 5()t7 edible oil, ground nuts aire 

important to SAT fa rners as food and for cash. 
The haulins remaining arfter the pods are 

removed, are a Valuahl,', nutritiotus aninal feed. 
The average yield of groulndnut in the SAT 
remains extremely low (arlnid 80() kg Ia Idried 
pods) atll( fluctuates \vidclv due to unreliable 
rainfall. l)iscase and insctr pest attack also 

severel\' reduce vields. 
)nring tlhe 1983 84 postrainy and 1984 rainv 

seaSorS, we continuned resea rlch into disease arid 
insect pest problems, drought and nutrient 
stresses. We also studied interactCions between 
the sa rio us stress factors. Our contieing i!.I(; 
proernrit strategy isIto rse the genetic diver-
sit in groundnut ard its wild relatives to breed' 

ree ttlefor stable resistance or t lerac t raor 

yield reducers. 

Physical Stresses 

Drought 
Screening Genotypes 

)ii: ing the 1983,,84 postrainy season 477 geno-
types consisting of 295 breeding lines and 182 
germplasm lines were screeried ior their response 
to three drought paitternis (ltrrd-season stress, ter-
minal stress, and long-duration stress). I.ites 

identified in earlier drought screening were also 
included. Lines found to be either susceptible or 
tolerant 'resistant in three seasons are listed in 
Table I. 

Drought Physiology 

Last year (ICRISAT Annual Report 1983, 
p. 184) we reported an exieriment where 25 gono-
types with differing drought responses, ss char-
acterized in the drought-screening process, were 

Table 1. Groundnut lines identified as olerant or 
susceptile in drought-screening experiments, t(tR-
SAT Center, postrainy seasons 1981-83.-_______________________________ 

(enotype Reaction to drought 

GNP 35 Tolerant 
ICG 166) Tolerant 
ICG 3386 Tolerant 
ICG 3736 Tolerant 
ICG 296 Tolerant 
IG 405 Tolerant 
IC(; 1697 Tolerant 
!( 1790 Tolerant 
IC(i 4747 Tolerant 
I TolerantICO 296(0

33019(o Tolerant 
4544 Tolerant 

ICG 4728 Tolerant 
ICG 3657 Tolerant 
IC 6256 Susceptible 

ICG 5274 Susceptible
I(( 3(173 Susceptible
ICG 3500 Susceptible 

tested in 06 different irrigation treatments that 

varied the intensity (8 levels), duration (both 
single anrrd multiple), and timing of drought pert

ods (12 patterns, I'l-P12, slowri in Figure I). We 
made ftirth[er ainalyses of' t I s data set to investi
gate tihe intcractions of genotypes with droughts 
ot different kinds. 

We expressed tihe intenisity of drotight as the 
percentage water deficit (I) calculated using the 
fort, la • 

(E-W) 
I : _ _ , t00 

E 

where E cumulative water evaporation, 
and 

W cumulative water applied during 
the phase of deficit irrigation 

Except where plant mortality occurred as a 
result of prolonged drought, the relationship 
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Figure I. )uration and timing of (Irought periods in groiundnhut stress trial (12 drought patterns, PI -P12),
ICRISAT Center, I)ostrairy !eason 1983/84. 

between inltcnsit' of stiress and yield was alwayvs a given Intensity of drought. A similar effectlinear. Tie slope of this regression was therel'ore occurred when the droughts lasted longei.the sensitivity of the genotype, or group of gcno- Because the yield loss was Naried by the timing of'types, to that particular pattern of drought. the drotight. the direct relationship between Sen..We then investigated the ma in eftects of the siti\'ity alid drought dur-itioll was relatively poorduration and timing of droughts on the man (r2 
= 0.43).

sensitivity of this group of genotypes, by exalllill- However, tile elfect of drought duration oning tlie sensitivit, to increasing intensity for tile sensitivity was founrd to he very nuich better12 drought patterns. For droughts lasting about correlated for two groups of treatmeits: \helen30 days, the la ter in the (,rowing season these tie crops had been droughted in the earlv preoccurred, the greater the resulting yiel, 'loss from flowering phase (rC 0.85), and when tile crops 



had been well-irrigated for that phase (r2 =0.25). 
The drought sensitivity was greatest for a given 
drought duration when the crop had initially 
been well-irrigated (Fig.2). If the conditions dur

and the droughting the prellowering phase, 

duration were considered. we could account for 
85% of the variation in ::,:nsitivitv. 

We found that the genotype's yield potential
could haVL a large influence on its sensitivity to 

certain patterns of drought. In some drought 
patterns (Fig.3) the yield potential accounted for 
95% of the variation in drought sensitivity, while 
in others yield potential was not related to 

drought sensitivity (Fig.4). 
Generally, there was a pattern in the relation-

ship between yield potential and drought sensi-
tivity. Where drought OCCUr red over the ['tha i 
growth phases (see Fig. I ), the yield potential was 

rv'ery well-related todrought sernsit ivity. suggest-

ing that resistance to end-of-season droughts 
yield

will not he achieved in lines witI high 

potential. However, as the period between the 
relief of stress by irrigation a rid harvest 

increased, the drought seisitivity was generally 
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A y = 1.24 - 0.076x, rse = 0.82 
r = 0.93, P - 0.01 

A y= -1.53- 0.62x, rse 0.43 
r = 0.89, P 0.02. 

Figure 2. Effect of timing, intensity, and duration of 
drought stress (days) on groundnut crop sensitivity 
measured as pod dry mass g m -2 unit-' water deficit for 
12 drought patterns (PI-P12), ICRISAT Center, 
postrainy season 1983/84. 
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Figure 3. Relationship between groundnut yield 
potential measured as po0d yield (g n -2 ) and crop 

sensitivity Itunder nonstressed conditions (pod dry 
mass g n unitc water (nepsriysaotetet 

2 - ' Sl leficit) in a long-term drought 

treatent, 1('11SA'i ('enter, postrainy season 

less related to yield potential. It would be possi

ble to select high-yielding lines resistant to early 

patterns of droulght. We are considering the 
inplications of these responses to crop 

improvement. 
In another experiment during the 1983 84 

post rainy season we examined in detail the geno

a 
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Figure 4. Relationship between groundnut yield 
potential measured as pod yield (g 1-

2 ) under non
stressed conditions and crop sensitivity (pod dry mass 

-g m 2 unit-I water deficit) following the relief by irriga
tion of mid-season drought, ICRISAT Center, pos
ti'ainy season 1983/84. 
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typic variation in the recovery response from 
mid-season stress. We subjected 1,14 germplasm
lines to mid-season stress from 53 to 92 days 
after sowing (I)AS), after which stress was 
relieved by irrigation. Significant genotypic dif-
ferences in pod establishment were observed 
after the stressed plants were irrigated (Fig. 5). 

We completed analysis of a collaborati\,, 
experiment with an Ol)A-funded project at tile 
University of Nottingham, UK, during the 1981 
82 ostrain. season. The experiment \wasde-
signed to see how sowing density can be used
to adjust the balance between the soil supply and 
the alntospheric demllanld for water. Four popuia-
tions of grotindrinut (TNIV 2) were maintained oil 
stored water from 44 ID)AS til final harvest at
97 1)AS. The populations established were 22.9 
(A). I1.4 (13), 2.6.6 (C), and 0.6 (D) plants m

Shoot and pod masses were measured five 
tiries in tie season by standard 'rowth analysis 
techniq ties, and root masses in the A,13, and C 
populations were measured using cubic corerspushed into the sides of trenches across adjacent 
rows. We ee;tiniated soil-water cointent using a 
neutron probe every 5 days bet ween 50 an 95 
I)AS, and conti inously recorded light inutercep-
tion using tihe solarimeters. 

Dry matter and water use. Because plant
growth is closely related to transpiration, the 

600. 
--------ICG 3332 

................. C G 3113 
CG 2239 

Soo" 

too 

oI 

_.--,,,----,____.mass
iCO 110 120-- 140 15 

Days afler saw ing O) 
Figure 5. Pod initiation (pods m- 2)followingtherelief
by irrigation of drought stress at 95 DAS for three
groundnut genotypes, ICG 3332, ICG 3113, and ICG 
2239, ICRISAT Center, postrainy season 1983/84. 
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Figure 6. Rehtionship betwcen transpiration (nm)
and shoot mass (g r-2 ) in groundnuts at three plant
populations, ICRISAT Center, postrain season 
1983/84. 

productivity ola crop isoften expressed in ternis 
of its water-use ratio (V R), i.e.. the ratio of dry 
mass to total water use). In Figure 6 tile slope of' 
the regression shows tie XVUR for shoots, aver
aged over tile lo0lr popuhIa tions at fiinall harvest. 
The figure also show's iiteriediate harvests inthe A, B, and C populations, bit i [lie I) pope
lation only the finral harvest is included because 
absolute v;Ilies \were small. Ihe average \VUIR 
Was 1.58 ing g 1. For most of' the season, the A 
poptilation Consistently produced more dry

,massof shoots titlitI of water tfratlspire. thatn 
the other populatiuns. [hC correlation betwcell 
shoot dry mattier and traIspirlationi was a 

'a 0. - .tively poolrwhen averaged over a range of popua,tios tlever, When roots \%ere ilnchMted In 
tile dry-matter component (Fig. 7). tile relation0iwaslinear, both during the season and as an 

average. The XVII P. was c: lcula ted for total dry 
of shoots ind roots ;n the A. 13, ind Cpopuhltions, but popuhitio 11 was excluded 

because roots were not measured. The Vt IR for 
total dry matter (TI)M) was 3.33 nig g-.

Over the season, the mean vapor-con
centration difference between leaf and air 
increased from 14 to 20 g n -'. 

0 
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y =015.3 + 3.01x, rse 22 y= 40.4 + 0.74x, rse= 25 
0.82, r 0.93, P .::= 0.01. 

Figure 7. Relationship between transpiration mnrm) Figure 9.Relationship between total intercepted radi
and total dry matter (T1M, g1

- 2) in groundnuts at ation (MJ r-2) and total dry matter (TI)M, gm-2)in 
three plant populations, ICRISAT Center, postrainy groundnuts at three plant populations, ICRISAT 
season 1981/82. Center, postrainy season 1981/82. 

Dry matter and light interception. Figure 8 transpiration, the lI.iR for final harvest closely 
shows the relation between accumulated dry matched the constant of proportioiialityo\,er thc 
mass of shoots between 47 and 90 DAS, and the whole season. The slope of the line was 1.0 1g 
amount of light intercepted over the same M. -1.The last two harvests of population A fell 
period. The slope of the line is the light-use ratio below the line of average LIU R; the increment in 
(LUR). During the season, the slope of the TDM over this period was less than that pre
regression was again greater than that at final dicted from the LUR established earlier in the 
harvest (LUR = 0.42 g M.1-1). In Figure 9 the season. 
relationship is shown for TDM and, as with This study provides further experimental evi

dence that dry matter is a predictable function of 
Y Popul ,o transpired water, and of light interception when 

2s0 - o ppacing 135 Jo c. water is not limiting. The relationshipofl spcng 70 x 10 c)Issi was inde
111 -

Ea C :p110 X ]a pendent of sowing density. The analysis is unu-Ing ,l 
E 0 sual because it incltdes the contribution of roots 

100 to the TI)M. When they were inclhded, a good 
tn correlation existed between TI)M and transpira-
E 0 tion over a range of populations and seasonal 
-a transpiration. The correlation was maintained 
00 so- because the increased allocation of !ssimilate to 
) athe roots as drought developed largely compen

da 20'0 300 ,00 do sated for the curtailing of shoot growth, as can 

Total Intercepted radiation tMJ m-") be seen by comparing Figures 7 and 8. 

In the field, the most important influence ony =29.4 + 0.39x, rse = 18 
r = 0.9, P < 0.01. WUIR is the gradient ofvapor concentration (X), 

Figure 8.Relationship between total intercepted radi- between that in the leaf (X,) and that in the air 
ation (MJ rn- 2) and shoot mass (gmr-) in groundnuts (X2). WU R is linearly related to the reciprocal of 
at three plant populations, ICRISAT Center, post- X when other factors remain constant. A change 
rainy season 1981/82. in either X, or X, can influence X. In this study, 
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X was probably independent of population 
because plots wvere too small to have systematic
differences in air temperatuLire or vapor content. 
There were differences in leaf temperature (andtherefore X) bctween populations as drought 
stress developed in the denser sta(nds. Iiowever,
these differcnces wer: evident during the middle 
of, Iledav whtl transpiration and assimilation 
rates were low. Changes in X are unlikeh to have 
glrCatly influenced the absolUte x';itiCs of WI. R. 
Variations in \\"fIR between crops are nMore 
likely to liecaused hx dificicnccs in the balance 
betwccn the supply of soil \atet and the atillos-
plhcric demand for transpiration. 

Fiigurc o0
collpares scasanal tianspiratioil
With ;1LcuntIlllatCd light intcicCption, and illus-
tratus the seasonal influnctcc fdrought on popt-
lion A. [or populations Iland C. transpiration 
nrcased lincarx' with iitcrcepted radiation at0.37 it I Biecause drought was never 

'.cere, trainspir tion (and thciefoie dry matter)
\was able to keep pace with light interception.
l oplation A. howeCr, ,ehax ed differently the 
slope of the relation \%as only 0.23 n M.I . 
lEven early in the season the daily uptake of 
water wis insufficicnt to sustain the evaporativc
demand of the canopy in this populition. 
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r 0.99, P .--0.01. 
2. A y 4.07 +0.23x, rse 3.3 

r 0.99, P 0
Figure 10. Relationship between total intercepted
radiation (MJ -n-2)and transpiration (mm) inground-
nuts at three plant populations, ICRISAT Center,
postrainy season 1981/82. 

Biotic Stresses 

Diseases
 

The Illost serious diseases of groundnut on a 
worldwide basis arc rust, caused by PwcinA 
iraChicis, carly lcaf spot, caused by ('nroxvwra 

uracifhj/ico/a, and late leaf spot, caused by (',
co.v)ori/din PIer.mila/ 
 ml.Individually, each of 
these diseases can reduce yields by iore than 
5(, w'hen thex, occur together, tsthey ofteniio, 
losses cal be even greater. lhe aflatoxin prob-
Iem is also \\orld\\ide. Virus diseases can 
seriousl dalliagCe grouilitins but. except for 
peanut Mottle virus ('MV). they tLd to be res
tricted in distribution. llowxvCcr, the recently
described peanut stripe virus discase ('St \') also 
appears to be \\idly-distributcd, and merits 
Concern. 

Bacterial \wilt, caused by ,I',u/on oa.( .win
,'nucauiM is ilportailt in regions of cast Asia,
southern Africa, and parts of North Aimerica,
)ut isapparcntly absent from many other impor
taut groundnut-growing regions. Nemiatode dis
cases are not considered important globally, but 
significantly daiiage grtoundntits ill restricted 
airas and riaix' be linked to pod and root rots. 

Research at ICR ISA I'enter his been largely 
determined Ib)the occtirrence and secritv of' 
particular diseases inl India with priorit given to
work on foliar discases, pod rots, aflatoxin con
tamnition, and xiriis diseases. 

Foliar F~ungal Diseases 

Resistance ,.reening. In ie 1984 rainy season,
ge0r0ihlnlpasin accessions rcccix'cd prelinina ry 

screening for resistance to rust. We selected 49 
acces ioiis tait rated betweein 2 aind 7 on a 9point disease scile for adva nlced screening for 
resistance to rust and leaf spots in the 1985 rainy 
season. 

Yiel losses i 1984. olilr disese dexelop
nient va,: delayed in the 1984 rainy season 
because of very dry weather in August. Short
season cultivars c;.:!ued severe attack, and dam
age to susceptible iong-,eason cultixars was 
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much lower than in normal y The foliar insecticides when required) and low-input (20 kg 
diseases-susceptible cultivar ICGS I I in a fungi- PlOs ha-1, rainfed, without insecticides) condi
cide evaluation trial at ICRISAT Center yielded tions. Thc controls in these experiments were 
2756 kg dry pods ha-I tinder the lost effective released, disease-susceptible cultivars. and re
fungicide treatment, and 2163 kg ha-I without sistaint parents. Trials were carried out inthe 
fungicide, reflecting a yield loss from foliar d is- 1983; 84 postrainy and tw 1984 rainv seasons. Ili 
eases of 27%. We normally expect losses in the the postrainy season toliar d iseases aric usually 
region of 7W(),j. negligible because ot the dry conditions and tlie 

yield potential of cultivars is cxspressed, w1hi le in 
Resistance breeding. We continued to aIdvaice tihe iainv seaSOl, (i1seasC )l'eSsure is uSLUal,asso
progenies without selection in tile 1983 84 post- ciated With high 'ield losses of tip to 70('j in 
rainy season. During tie 1984 rainy season they susceptible ciltivars. In the 1984 raini' season 
wvere selected under tihe high level; of rust and however, beca use of tihe diy August, foliar dis
late leaf spot disease pre.sure that developed eases developed slowly and Carly-nIlahtiring ciIl
rapidly once the di\ spell in August was over. tivars such as .1124 that matured .ist after tile 
New crosses, involving resistant, stable, tetra- rains resumed, \\ere only slightly affected and 
ploid, interspecii c hybrids, and breeding lines, yielded more pods and hanlms thani usual (Table 
were ri.de to combine disease resistance with 2). Yield data arie presented in lables 2-7, and 
desirable agronomic traits, show the potential of some of' the resistant 

hybrids inder both rainfed aiid irrigated condi-
Resistance selections trials. tions at ICRIS CAl 13hah.isagar.yield Breeding enter and 
lines in different generations witi resistance to 
rust and or late leaf spot, were evaluated under Economics of resistance. We started on-larm 
both high- input (60 !'g P,05 ha-' , irrigation, and trials in collaboration With ICR ISAI cCono0-

Table 2. Performance of some F,0 rust- and/or late leaf spot-resistant groundiut selections, ICRISA'I Center, 

rainy season 1984. 

Yields (kg hia -1) Disease reactionI' 

Pedigree Pods I auhns IRust Late leaf spot 

(NC Ac 2731 xP 259747)F,) 13 7180 3890 3 8 
(Florigiant Krap.St.No. l6)F2,,, 13 6990 5900 2 7 
(NC Ac 11)7 ,: NC Ac 17090)F,() 6861 4650 4 7 
(NC Ac 1107 x NC Ac 17090)F1,, B 6690 4380 3 7 
(NC Ac 2768 x NC Ac 17090)F 1, 11 6490 5560 4 5 

Controls 
NC Ac 170902 6740 4930 2 6 
ICGS I1 5970 4380 2 6 
Robut 33-1. 5280 3750 9 9 
J L 24' 4640 4170 9 9 

SE 1401 ±517 ±0.6 ±0.4
 

lTrivl mean 5491 3920 4.3 7.3 

CV (%) 13 23 24.7 10.0 

I. Field disease scored on a 1-9 scale, where I = no disease, and 9 50-100% foliage destroyed. 
2. Rust-and late leaf spot-resistant parent. 
3. Foliar diseases-susceptible cultilvars. 
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Table 3. Performance of some Fs rust- and/or late leaf spot-r-ista t groundnut selections, ICRISAT Center,
rainy season 1984. 

Yield (kg ha-) Disease reaction' 
Pedigree 
 Pods Haurlms Rust Late leaf spot 
(Goldin I x PI 405132)F, 13 6780 5900 3 5(Goldin I x PI 405132)F, 13 6630 4240 2 4(Manfredi x PI405132)F, B 6280 6040 2 6(Makulu Red x WHT 200)F, B 6170 4650 2 4(72 R , 2-5) , PI407454)F, B 6080 6700 2 4 
Controls 

NC Ac 170902 6080 5070 3 5ICGS II3 6190 2710 8 9-Robut 33-I 5530 3330 8- 9JI. 24 4820 3190 8 9 
SE ±282 t280 ±0.3 ±0.3
Trial mean 5590 4410 4.1 6.0 
CV (%) 

12.1 9.0 
1.Field disease scored on a 1-9 scale, where I no disease, anid 9 = 5(0- 101)('(folitage destroyed. 
2. Rust- and late leaf spot-resistant parent. 3. Foliar diseases-susceptible cultivars. 

Table 4. Performance of top ten entries in the groundnut unultilocational foliar diseases resistance varietal trial,
ICRISAT Center and Blhavanisagar, rainy season 1984. 

ICRISAT Center 

NC Ac 400 x EC 76446(292) 2970 

lihavanisagar 

Disease reaction' 

Pedigree 
Yield 

(kg ha-') Rust 
late leaf 

spot Pedigree 
Yield 

(kg ha-1) 
Ah 65 x NC Ac 17090) F,, 13 
(EC 76446(292) x Robut 33-1) F, 13 
(NC Ac 400 x EC 76446(292) F,, 1 
(Robut 33-1 EC 76446(292) F, 1B 
(RMP 91 I 200) F, B)Tl 
(Florigiant x Krap. St. No. 16) I, 13 

7330 
7150 
7130 
7010 
6890 
6850 

2 
3 
3 
3 
3 
3 

8 
8 
9 
7 
8 
8 

MGS 8 ,EC 76446(292) 
MHt I x NC Ac 17090 
Robut 33-1 x EC 76446(292) 
NC Ac 1107 x NC Ac 17090 
TG 14 x NC Ac 17090 

3710 
3600 
3430 
3040 
3030 

(GAUG I x EC 76446(292) F,, Bi 6740 2 9 Robut 33-1 - )I"I 200 2850(MGS 8 x PC 76446(292) F',, 13 6690 2 7 RMIP 91 , )11' 200 2690(NC Ac 2564 x NC Ac 17090) F,, 13 6650 3 8 Ali 65 x NC Ac 17090 2670(NC Ac 400 x FC 76446(292) F,2 13 6610 2 9 MGS 9 x EC 76446(292) 2630 
Controls Controls


NC Ac 170902 6580 2 7 NC Ac 170902 2650ICGS IP 
 5810 9 9 
 ICGS IIP 
 1510
Robut 33-1' 
 5750 9 9 
 Robut 33-1-1 
 1460
JL 243 -
4440 9 9 
 .1l24
 1510

SE ±305 ±0.3 ±).3 
 SE 
 ±268

Trial mean 
 5970 3.4 
 8.3 Trial mean 
 2230 
CV (%) 9 17 7 CV (%) 21
 

I. Field disease scored on a 1-9 scale, where I =no diseases and 9 z 50-10t0i foliage destroyed.
2. Foliar diseases-resistant parent. 3.Foliar diseases-susceptible cultivars. 
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Table 5. Pod yield (kg ha-') of some rust- and/or late leaf spot-resistant groundnut selections, ICRISAT Center, 
postrainy season 1983/84. 

Pod yield 
Pedigree (kg ha- ') 

F6 trial 

(JH 60 - P1 259747) , NC Ac 17133(RF) 7270 

(Ji-I 60 - P1 259747) x NC Ac 17133(RF) 7020 


Controls 

NC Ac 170901 6990 

Robut 33-I2 
 6190 

ICGS 112 
 5940 


SE ±366 

Trial mean 6020 


CV (%) 6 


1-, trial 

Comet x NC Ac 17090 8060 

G 37 , EC 76446 (292) 7560 


Controls 
NC Ac 17090' 7540 

Robut 33-12 
 6130 

.11, 242 5100 


SE ±242 

Trial mean 6400
 
CV (%) 7
 

I. Foliar diseases-resistant parent. 
2. Foliar diseases-susceptible cultivars. 
3. MIYT =Multilocational Yield Trial. 

mists in the 1984 rainy season to determine the 
economic merit of using resistant cultivars con
pared with growing susceptible cultivars pro
tected by fungicides. Severe drought caused crop 
failure in four of the five farmers' fields, and 
levels of rust and leaf spot diseases were lower 
than usual. Yield data from the one farmer's 
crop that gave reasonable yields, and from the 
companion trial at ICR ISAT Center are given in 
Table 8. Information on acceptability of pro-
duce in the market is being collected. Economic 
analyses will be made after several more seasons' 
results are obtained, 

Pod yield 
Pedigree (kg ha-') 

FI,, trial
 
GAUG I x EC 76446 (292) 8320
 
JI-I 60 x 111 259747 7890
 
AH 32 x NC Ac 17090 

Control:;
 

NC Ac 1711901 7750
 
Robut 33-12 
 6630
 
Jl. 242 6610
 

SE ±322 

Trial mean 6620
 

CV (%) 
MLYT., 
NC Ac 2190 x NC Ac 17090 8330
 
SM I , EC 76446 (292) 8170
 
AH 6279 x P1259747 7810
 
Controls
 

NC Ac 17090' 7780
 
Robut 33-12 6260
 
.11.
242 
 5040
 

SE 
 ±229
 
Trial mean 

6260
 

CV (%)6 

Soilborne Fungal Diseases 

Pod Rots 

Resistance screening. Pod rot incidence was 
low in the 1983/84 postrainy season but lines 
previously identified as resistant had signifi
cantly less pod rot than control cultivars. We
 
observed interactions between drought stress
 
during pod maturation and pod rot severity in 36
 
genotypes grown under line-source irrigation.
 
We are investigating the creation of artificial
 
drought stress as a means of enhancing pod rot
 
attack, to permit more effective screening of
 

8 
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. \ 

(;roiudnul pods shoiing internal (ahove) and exter-
nal (belIis) simptonis of pod rol. Ifeclion bI tlile 

causal fungi results inl shrislled seeds or empty pods 
when seedIs are killed before lhe., mature. 

ger hinplasilaccessions for resistance to this 
disease. 

The Aflatoxin lProbleni 

Resistance screening. Fight geot\ypes pie-
\'iooslv foulnd tol have seed resist.t to invasionby.' fundim/atr se were further tested ts in 

techniques reported earlier (ICR ISA I Annual 
Report 1979 80, pp. 155-156). Resistance was 
conhrirnled in seed frot the 1983 84 and 1984 
seasolls' crops, 

Breeding for seed resistance to.. fhavus. )ur-
ing the 1983 84 postrainv selsoln \we yield-tested 
57 breeding lines, and atfurther 126 in tile 1984 
rai ny seasoll. he lines v cre den \ed frot cros ses 
involving stich dry seedl-resistlant source lines its 
P1 337.394 1, .1 II, and IL 715 13-1. We also 
conducted rain-l-sCasoln trials at A aniapUr. 
H1havanisagar. I )harwad. Id liisar, ill India. Iln 
the 'tostrainy-scasoil trials at ICISAT C'elter 

\%e sclected six breeding liles( lable9) that coin
biled high lesels of resistance to seed coloni.;a-
tion with good yield levels. ()n ieIi tias Iulch 
more resistant than the most-resistant control 
and yielded 8(- more than the highest-yielding 

control. These liites were advanced to multioca-
tionIal testing for yield arid adaptation in tile 
rainy season (Table 10). O tie 88 breeding lilies 

Taile 6. Pod yields (kg ha-) of some rust-1andl[lte 
leaf spot disease- resistnlt groindInut lines ini rainfed 
trials, 1(CRISAT (Center, rainy season 1984. 

Pod YiedPedigree (kg ha 1) 

Virginia hunh-ch -ctections 
ioterspecifie dent iativcs 

1[lm 

('S-6 2- H- 1960 
('S-46- I -B
('S-22 2-13-I:~ 

I 1900 
174-0( 

2024-HIc, 1-H 1540 
1-3-1r1 BI1 1r 1500 

Coot'ols 
NC' Ac 17090, 1290 
I('(iS I I 1170 

Roumt 33-1 2 1040 
.11. 242 560 

S 1 ±127 
Imrial llicall III0 

CA (ri) 20 

Multilocational trial. 
ICRISAl Center 
(NIakulo Red )111 2110)1F, H 2171 
(C'ontet , NC ,c 170911)F, 13 2060(Ah 32 * NU Ac 719)11., H3 2010(A\rentieInc 259747W, B25771-P 19901 
(NI 145 , 1Hl259747)1., H 1980 

('ontrols 
NC Ac 170901 1291l('(iS If2 129(1
ROtI P 1290R tobut 33-12 1100I 

. 242 540 

Irial tileall 1329 
CV (F) 16 

I. Rust and latc Ical spmt-r'sisiat parent. 
2. -oliar dkeawe-susceptihc eultis. 

tested across locations in two trials during the 
1984 tai nv season. 19 were selected or their 
sttperior perfttIorniance. lhe best breeding lilies in 
the two II showed I9.3 alnd 24<7 higher pod 
yield than tile best control. The entries are now 
being screened for dry-seed resistance across 
locatiotis. 
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Table 7. Performance of sone promising entries in the groun(dnut foliar diseases-resistant ',lines trials 
(irrigated), ICRISAT Center, rainy season 1984. 

Pod yiehi Ia ieild )iseasc tcaet ioye
-Pedigree (kg ha 1) (kg Ia ) Rust Ltecleaf spot 

(Robut 33-1-21-I -I -1-1 , PI 407454)F, 13 6820 4?90 6 8 
(Robut 33-I "Cotnet), 13,,NC Ac 171331(IRF)l:,, II 6470 3540 8 8 
(aiiput 1-5 " IT 200)1-,, It 6330 4790 9 9 
(Ah 8254 x'C Ac 17090) F- B l.No 95-A)F, B 6070 5210 4 7 

Controls
 
NC Ac 170902 5140 5890 2 6 
IC(iS 113 3290 61501 8 8 
Robut 33-I' 2830 5700 9 9 

.
.l.24
 4240) 5040 9 9 

S F ±401 ±293 ±10.4 ±0.4 
Trial mean 4417 5135 6.2 7.2 
('V (.) 16 10 12.1 9.1 

1.Field disease scored on a 1-9 scale, where I no disease, and 9- 511- 1001'j foliage estdroeud. 
2. Rust and late teal spot-rcsistant parent, 
3. Foliar diseases-susceptible cuttikars, 

Table 8. Yields (kg ha- I) of a foliar diseases-resistiml, and two su:,ceplible groundin, I cultivars, with and wit hout 
fungicide application fromn field trials, I(RISAT (enter and farmer's field, rainy season 1984. 

Mean yields of dried producc (kg haL ) 

Pods Ilautlns 
lDavonil " lDaconil,"' 

Genotypes No spray applied No spray applied 

ICRISAT Center 
FDRS I' 
Jl.24' 
local 4 

1290 
1110 
1110 

1510 
132(0 
1480 

3870 
1380 
1170 

4641) 
178(0 
2770 

SE ±172 ±151 

cv (%) 18 9 

Farmer's field 
FI)RS 182 670 670 1770 1810 
.II. 24' 900 910 1220 1310 
Local4 670 710 1380 1350 

SE ±113 ±174 

CV (%) 21 17 

1. Daconil- (ch arotlialonil) applied at tO-day intervals. 
2. Rust and late leaf spot-resistant breeding line. 
3. Recommended cultivar (susceptible). 
4. Farmer's own seed. 
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Table 9. Yield (kg ha-1), shelling characteristics, and dried seed resistance to Aspergillusflavus in selected 
groundnut breeding lines, ICRISAT Center, postrainy season 1983. 

ICGS(AF) 
number Pedigree 

Pod yield 
(kg ha-') 

SMK2 
yield 

(kg ha-1 ) 
Shelling 

(%) 
100.kernel 
mass (g) 

Seed 
coloniza
tion (%)2 

Trial 24 
6 
9 

II 
22 

(.1 11 
(MH 
(J 11 
(MIu 

, PI 337394F) 
2 , P1337409) 
, PI 337394F) 
2 x PI 337394F) 

5870 
5850 
5800 
5740 

3640 
4310 
3820 
3880 

70 
77 
72 
75 

51 
41 
44 
49 

15.2 
16.4 
6.5 

10.7 

Controls 
3
J 11
 5580 3720 73 
 50 12.9
 

.I1244 
 5260 3510 74 40 
 22.6

Robut 33-14 5000 3250 74 55 33.4 
UF 71513-1*' 5250 3410 71 43 11.6 

SE 
 ±382 ±252 ±2.2 
 ±1.7 ±2.3
 
Trial mean 5250 3430 4672 16.3 

CV(M 9 9 4 5 
 17 

Trial 25 
28 (Goldin 1 x Faizpur 1-5) 

x UF 71513-1) 6600 3570 63 66 17.0
32 (NC Fla 14 , UF 71513-1) 5650 3790 71 38 11.3 

Controls 
J 11n 5190 3540 73 59 l1.1 
Jl 244 4320 2720 71 48 23.9 
Robut 33-14 4490 2850 5670 33.0 
UF 71513-13 4830 3250 72 41 13.4 

SE 
 ±357 ±258 ±2.3 ±2.8 ±4.0 
Trial mean 49 24.35150 3100 68 

CV(%) 9 10 4 7 20 

1. SMK Sound mature kernels. 
2. Percentage of rehydrated, mature, stored seeds colonized by A. flavu%in resistance tests. Means of 2samples replication
3. Resistant controls. 
4. Susceptible controls. 

We m.odified the usual mass-pedigree breeding These will be handled as progeny bu!ks from the 
system to include a stage of progeny-row testing be1.4stage onwards and m~ass selections will 
and selection in the F, based on plant-to-row made within each bulk. ',c also grew 479 bulk
progenies obtained from selected F,plants. We progenies from the [, to lW generations, and 
grew 2986 such F, single-plant progenies in the selected 351 bulks for advance and yield testing
1984 rainy season and made 780 F, bulks, based next season. It tihe 1984 rainy season six Fs with 
on progeny rather than plant performance. dry seed-resistant parental lines in their pcdi
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Table 10. Pod yield (kg ha )of some selected groundnut breeding lines at live Indian locations, rainy season 1984. 

Pod yield (kg Ia-1) 

ICGS(AF) ICRISAT Center Ilhavani
number Pedigree IIll 1.12 I)harwad sagar Ilisar Mean 

Trial 37 
28 [(Goldin I , Faizpur 1-5) x UF 71513-1] 3860 790 3190 1720 5210 2953 
2 (MGS 7 x 111337409) 2770 860 3630 2740 3610 2724 
3 (MGS 7 x P1337409) 3060) 1010 3790 2350 3390 2718 
7 (Ah 32 -P1 337409) 2990 760 4030 2100 3510 2679 
5 (.111, P[ 337394F) 2960 490 3500 3040 3200 2636 
10 (FIG I x II1337394F) 3140 860 3440 2250 3251 2588 
22 (SM 1 ,II337394F) 2590 76(3 3431 2130 3740 2531 
12 (UF 71513-1 - Pl 337394F) 2370 870 361(0 2540 3273 2530 
16 (MII 2 x Pl 3373941:) 2451 630 3500 2330 3610 2517 

Controls 
.1 11 (Source line) 231)0 863 3771 2000 3150 2416 
.11.24 (National) 2520 423 3390 2(04(0 3(341 2281 
Robut 33-1 (Zonal) 2800 983 2753 1581 2973 2215 
OF 71513-l(Resistant line) 2263 861 3783 2310 3171 2476 

SE ±294 ±133 ±432 3-15 ±447 

Trial me n 2560 7101 3310 2(151 .27) 

CV (%) 14 23 16 21 17 

Trial 38 
70 [(Robut 33-1 2821) x UF 71513-I] 3760 770 4963 2553 40403 3214 
69 [(Robut 33-1 2821) x U!F 71513-I] 3430 670 4650 2743 4441 3186 
43 (1:33 4A-13-14) 11F 71513-1 4043 1071 4351 171(1 3490 2931 
37 (Mtt 2 xP1 337409) 3520 1070 4(101) 2351 3340 2855 
78 (Faizpur 1-5 - U1: 71513-1 3670 54(0 4671 2141 31001 2826 
82 (Robut 33-1 Exotic) 3410 720 4683 2080 3181 2815 
58 (Shulamit CChico) 2661 940 4320 2423 3510 2771 
61 [(Robut 33-1 28213 x 1113374039)] 3641 560 4330 1911 3171 2722 
71 [(Robut 33-1 2821) ,,UI 71513-1] 4040 721 3331 2480 2973 2738 
62 [(Robut 33-1 2821) x I113374091 2960 63) 4433 2100 3030 2631 

Controls 
J II(Resistant line) 3010 71(1 4473 1091 2763 2590 
JL 24 (National) 3130 673 4491 2150 1720 2432 
Robut 33-I (Zonal) 3400 9303 3860 1371 243 2397 
UF 715 13-1 (Resistant line) 259(0 530 4490 1670 3260 2506 

SE ±1356 ±162 ±365 ±327 ±684 

Trial mean 2973 71(1 3940 181(1 2711 

CV (%) 15 28 II 22 31 

1.111 High input (61 kg 11,0, ha-1 , with irrigation aml insecticide sprays). 
2. LI Low input (20 kg P,05 hai-1, rainfed without insecticide sprays). 
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grces were grown under both high- and low-
input conditions, and we made 292 single-plant 
selections to he advanced by the modified hulk 
system. 

Reistance to aflatoxin production. We re-
ported earlier varietal differences in rate and 
total accumtlation of aflatoxin in seeds colot-
ized by toxigenic strains of .1./lavtus(ICRISAT 
Annual Report 1980 81, pp. 171 and 173). 
Fiurther tests ol seed of 400 gcnotypcs grown in 
the 1981 rainy season showed that genotypes 
supported allatoxin production to levels ranging 
from 32 to 125 pg g- seed. Additional screening 
of 1t)2 gcnotypes tusing seed from the 1982 83 
season identified 1%1.0 low alltoxin-producing 
genotypes, 14-7.; ,nd VRR 245, that had levels 
of less than 10 mg g seed. These and other 
genotypes were grown in fttrither trials and the 
poor ability of their seeds to support aflatoxin 
production was confirmed (Table I I). 
In another test we compared seed from 30 

genotypes with oil contents varVing froma 33 to 
48(';. We found no correlation between seed-oil 

Table 11. Aflatoxin production (pg g-') in seed of 
selected groundnut genotypes inoculated with a toxi
genic strain of A spergilhts.flavus,I(RISA'" Center,
1983 and 1984. 

Aflatoxin BI (pg g I seed) 

lPostrainy 
cstnfit,:
5dflOiStrials Rainy season 

Genotyp :s 1982 83 1983 84 1983 

Ali 813 97.9 62.4 24.8 
Ali 1069 66.2 44.8 16.3 
26-5-1 55.7 35.6 30.8 
56-106 36.1I54-0 36.9 26.026.0 75. 
U4-7-5 5.9 5.8 5.,2 
VRR 245 6.1 5.8 4.J
.1II 148.4 100. I 89.0 
TMV 2 185.9 137.9 117.8 

SE ±1.9 

CV (%) 9.8 

1.All tested in1984. 


Tble 12. Effect of seed maturity at harvest oi. 
groundnut seed infection by ,-Ispergillusflvu., and 
aflatoxin contamination, ICRISAT (enter, rainy sea
son 1984. 

Seed infection by .-. fletvu. and 
aflatomin Contamination 

Pods samplcd at 
30 da\s 10 da\s At 10 days 
before before optimum after 

Genotype maturity ma tUritv maturity maturity 
" 0 " 

, It)0zI 2.01 3.3 5.3 
()2 (2)2 (6) (II) 

TM V 2 4.3 7.3 16.0 22.0 
(4) 17) (34) (63) 

EC 76446(292) 4.3 
 7.3 23.0 28.0
 
(6) (25) (52) (453)
 

NI 13 6.3 8.3 18.7 26.3 
(2) (12) (24) (150)
 

SI:± 
 0.79
 

CV (%) 45 

eds Y A.. e infected . fiavl,3 t';). 
2. ,\flatoxin lIt contlent (jig kg I). 

content and ahility to support alatoxipro
duction. 

Field infection and aflatoxin contamination.
Natorall\-occurring seed infection b\ ,1./lavns,rr-gsedi fee io •b 

and allatoxin contamnination were recorded for 
several genotypes in the 1984 rainy season atICRISAT Center. S. d infection and allatoxin 
contamination \\e:c higher (lable 12) than 
recorded for the same gcnotpe; grown at ICRI-
SAT Center in 1983 (ICRISAT Annual Report 
1983, p. 196). Severe drought conditions in 1984 

may have favored the higher inffection and 
toxicity. 

Field tir!. for natural A. flavus infection. In 

the 1984 rainy season we grew 13 genotypes in 
replicated field trials at ICR ISATCenterand on 
light, sandy soils at Ti rupati and Bapata in 
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'Fable 13. Natural seed infection (%)of 13 groundnut genotypeswitli/l.spergilhusflat-s(AF)and other fungi(OIF) 
at three Indian locations, rainy season 1984. 

Seeds intfctd (') 

I'RI;A F 'Ce ter Bapat lit iI1pati
 
Genotypes A F 01F A 0I: ( 


UIF 71513 1.5 (0.11P 6.0 (0.25) 0.9 (0.09) 5.2 (0.23) 1.4 (0.11) 2.5 (0 16)
PI 3373941: 1.5 (0.11) 10.0 (0.32) 1.6 10.13) 12.0 (0.35) 2.1 (0.14) 3.8 (0.19)

,J II 1.0 (0.07) 4.0 (0.20) 0.6 (0.08) 4.7 (0.22) 
 1.0 (0.09) 1.4 (0.12)
Ah 7223 1.0 (0.07) 40 (0.19) 0.9 (0,0 ) 3.1 ( (8) (0.9 (0.01) (.5 (0.12)

U)4-47-7 0.5 (0.0-1) 3.5 (0.18) 1.6 (0.13) 3.2 (0(.X) 
 1.1 (o.n) 1.2 (0.11)
Var. 27 4.0 (0.19) 8.5 ((.29) 3.1 (0.17) 9.4 (0.31) 2.5 ( 1.6) 3.2 (0.18)

AFY F 24 8 2.) (().12) 7.) (0.27) 2.5 (0.16) 6.4 (0.25) 3.0 (0.17) 3.0 (0.17)

AIFY I 21 19 2.5 (0.14) 5.0 (0.22) 2.3 (0.15) 6.5 (0.26) 2.9 (0.17) 3.6 (0.19)

IMV 2 3.5 (0.18; ((.0 (0.33) 3.4 ()0.18) 6.7 (0.26) 4. 6 (0.21) 5.9 (0.24)

NC ..\c 17090 5.5 (0.23) (.0 ().32) -1.0 (0.20) 9.6 (0.31) 2(0.8 (0.45) 5.4 (0.23)

I-5\NC Ac 170910 3.5 (0.18) 6).0 (0.25) 4.3 (0.21) 18.1 (0.44) 6.60 (0.25) 4.2 (0.21)

Gangapipiii 0.0 (0.25) 11.5 (0,35) 4.8 (0.22) 
 15.7 (0.41) 14.X (0.38) 7.1 (0.27)

l " 76446(292) I0.5 (0.33) 19.0 (0.45) 6.6 (0.26) 43.1 (0.72) 10.5 (0.34) (8.2 (0.44)
 

SIF )0.031 t ).019) !(0.0(. 3) -(0.01(6) -(0.036) ±(0.015) 

cV ( 4) (40.2) ( 13.41 (1(.3) (10.2) (35.3) (14.7) 

1. Val, inl paiellht.'cs ar' ire sine tmirlnlul lmia OnN. 

Andhra Pradesh Statc, India. We recorded llilt- (;roundinnl leaf shoiing lYpical earl. s),lptonls of 

ra] infection of unda iaged. Ilat(tie seeds hs ..I. bd necrosis 'irus infection, ICRIS Ai ('enter, rainy 
/lavus and other onLgi, and found significaiit season 1984. 
varietal differences (lable 13). 

Addition of .. fla'u, inoctilum to soil around 
pods. VC reportedCarlier (I ('IR I.SAI nnual 
Report 1982. pp. 18 1-182 and (86) that theaddi
tion of ..Ilivi.o Inocnlll) Soil illOllld de \el
oping pods increased pod and seed invasion hy 
(l1e Itleguns. i tr ialls fron 1982 t( 1984 ha\c 
Confirmed the tnsClncss of tils practice t0 
enhance pie-brsC s) seed invasi)on by ... laum.o 
(hus assisting in resistance screening. 

Virus Diseases 

Bud Necrosis Disease (BNi)) 

During the 1983 84 rain.v season we screenedgcrniplasm accessions, breceding lines. and ".(]" 
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interspecific hybrids for field resistance to 13ND. 
Several high-yielding lines with desirable pod
and sced characteristics showed significantly 
lower disease incidence than tilecontrol culti var, 
TMV 2. These lines will be evaluated in initltilo-
cational testing in India. Fourteeti high-yielding, 
breeding and germplasnil accessions with low 

NI) incidence were selected. PYT 2-20 B was 
outstanding iii terms of both pod yield and low 
BNI) incidence. 

Gertnplasii accessions with low BNI) irici-
dence, iti conditiotis where tle thrips density w'i 
not lower than the controls. were detected it] two 
adv\anced screening trials. Morc-ad'anccd lines 
showing resistance to the BNI)vector were also 
detected. 

Peanut ('lump (PC(V) 

('ausal agent. Five geogra pihicalIly-separated 
isolates oftpeantit chnip virus( ('\V)(ICRSAT 
Annual Report 1982, p.197) were shown to pos-
sess similair particle morphology and density, 
arid siiiilar iiolchir weight of thecoat protein. 
C'ollaboratinrg with tileScottish Crop Research 

Institute (SCR1), Ini'ergowrie, [1K, we studied 

indetail tile cheriical properties and serological

relatio iships of PC V isolates. IPCV was shown 

to contain two RNA species, both required for 

infectivity. Tliree P0 isolates fililed to react
l 
with two West African PCV isolates, or withi 
several 'o/rmrva-trariiitted viruses. When tile 
two RNA species\were translated in a reticulo-
cytc lvsate system, the large RNA species "as 
traislated into tiliree polypeptides aid tie coat 
protein gene was located iii tie smaller RNA 
species. 

Transmission. The fungus IPol r ir.vagraminis 
has been found in all PCV-infested soils ( ICR I-
SAT Annual Report 1982, p. 197). Airdried soils 
stored at room temperature for over 2 years, 
retained infectivity. All PCV-infected grariii-
naceous plants contained I'. graminis cystosori.
We studied the effect of temperature oii PCV 
infection of wheat and sorgliun by exposing
infested soils to various tennperatures in incuba-
tors. None of the graminaceous hosts were 

infected at 15-20'C, exposure to 25°C and above 
was req nired for infection. 'This result confirms 
our field observations that the disease occurs in 
crops raised ini tile warm sumlCr and rainy sea-
Sons, crops raised in the colder postrainy season 
escape the disease. 

Resistance screening. In the 1984 rainy season 
we grew 20 wild ..lrachi species, 50 interspecific 
Ihbrids 35 breeding lines, and 802 germ plasn
accessions, inta lPCV-ii festcd field at Ba patla. 
.,frachis species 30036 did iot( become infected. 
and nine geriplasn accessions showed low per
centages of infected plants. These eitries will be 
retested iit1985. 

Peanut Mottle (PMV)
 
Resistance screening. liplovinig a field
 
necehani ica l-iioctdhition method, we screened

246 gerniplasm accessions and breeding lines in 
tie 1983,,4 postraiy and 1984 rain' seasons for 
resistance to PNIV. Three breeding lines \which 
showed less than 5(1 yield loss (IURISAT 
Annual Report 1983. p. 199) were tested in1a 
replicated trial and one of them shoved a mean
 
yield loss of less thani I0(,;,
while over 50(7' of the
 
plants showed no significant yield loss. Seed
 
from tlese plants will hz sown inadvancced
 
screening trials ill1985.
 

FuIrt her testing of cver 13 t}0)0seeds each of
 
genotypes IC 76446(292), NC Ac 17133 (RF),
 
and AIi 7171 confirmed that they did not seed
transmit PNIV (ICRISAT AnnalI Report 1982,
 
p. 189). Since NCAc 17133 (RF) and EC 
76446(292) are resista nt to groultll t rust and 
late leaf spot. tihey were earlicr crossed with se\'
eral highi-yielding cultivars. arnd these crosses 
were tested for PNIV seed transmission. Al
though PMV was seed-transmitted in most of 
these breeding lines, inone selection from a cross 
involving FSI 7-2 and FC 76446(292), PM V was 
not seed-transmitted through the 3000 seeds so 
far tested. 

Groundnut Rosette (GRV) 

Collaborating with SCRI and with the USAID 
Peanut Collaborative Research Support Pro
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. , 	 developed to detect PStV in plant and seed 
material. 

Insect Pests 

Incidence 	at I('RISAT Center 

.. 	 The grountId nut leaf miner (Aproacrcma inodi-
Celija) was the most noteworthv insect pest in 
1984. Its density was not remarkable in the post
rainy season hut wet-season crops that rely o.1 
residual soil water were badly damaged by this 
pest, presumably because of the lack of' rainflall.1 Il in ] i P 
in .lrh,and August. Protected plots yiekled sig":) ... ' "+- '. 	 niican lv nore than unprtected phl s. 

Jassid ( I:loas0 a A ,rri) ntumer,S did not 
-teach high levels during the year, but they were 
sufficient to cause obvious danage in susceptible

Figure It. Particles of grotindnut rosette assistor lines. Their nunhers marked lV increased once 
virus, tripped by antiserum to bean leaf-roll virus in rain fell in September. lFrakA/iiic//a .w'hul:.ci 
immunosorbent electron microscopy, from crude a (l1 S''irlolllrps horma/i.s, the two Illost 
extracts of an aphid-inoculated groundnutiplanit; the co mnl y e co t eed Ontips 'soecies,were lS
bar (I cm) represents 56 irn. ((ourtesy G. t)uncan, ll present in botI seasoul. bit tevcrat eri-Scottish (rop Research Institute.) 	 plling Icck. Iohe rs, here as anl 8tip 

incidece of bud tnecrosis d iease (1N I )). BN I ) is 
grain (CRSP), the causal viruses Of grotlndnult caused y toniato spotted wilt virts (TSWV) 
rosette disease were Investigated at SCRI. Fi- that is trausinitted h F. .'huh:ei in tile rainy 
dence was obtained to show t hat rosette was season. 
caused by two viruses. One of them, GRV is White grubs ( l.aC/l(oA 0rna /iAMa) and the 
mechanical ly-t ransi issible and produces typi- tobacco caterpillar (Spldoliitera litura) were not 
cal symptoms in groundriit. For ( RV to be i problem in 1984. II uwever, a pod-boring 
transmitted by aphids, co-in fect iou witi a luteo- insect, probably a species of eatwig, caused con
virus (Fig. I I), serologically-rclated to bean leaf- siderable datmage to groundnuut plants growing 
roll virus is necessary. I.ocal lesion hosts for in a Vertisol field. 
detection, and systemic hosts for maintenance of 
GRV have been identified. GRV %vw partm lly Prelimintu,r, creening for Ilost-Plant 
purified, and identified as single-stranded RNA Resistance 
with a molectlar weight of 1.5-1.6 million 
daltons. Aphids (A1phis craccivora). We screeed 675 

genotypes for resistance to A. craccivora and 
Peanut Stripe (PStV) found four that inhibited aphid growth :ates. 

This is the first time we have found any signs of 
Collaborating with the USAII) Peanut CRSP, resistance to this species. 
we characterized peanut stripe virus ( PStV), that 
was introduced into the USA in groundnut seed Jassids (Empoasca kerri). The screening of a 
material. PStV was identified as a potyvirus. An firther 1470 gerniplasni accessions forjassid re
antiserum was produced and methods were sistance during the 1984 rainy season means that 
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we have assessed Well over half the available 
material. Of the 1470 accessions, 15 were 
retained for further screening. II the Same con-
tex, we lookcd at 244 lines with resistance to 
foli ar diseases, 202 ,-h'aihis chai oens', deriv'a-
tives, an1d 58 advanced breeding lin s.There was 
Success in all categories, in that ve detecte(l lines 
with signilicantly lower le\lS of da l'ag SYilptomis than susceptible and resistant controls 
(Table 14). 

Thrips (Franki,,iellaschultei and ,S'cirlothrips 
doralis). )amage Icls \\ore not high, so that 
the results of, preliminary and secoltdallrv scIeen-
ing \\ere not sufTiciently clear to give definitive
results. IHowever, several gCri.lplasill accessionls 
;itld the selections Robut 33-I - NC Ac 2214-19
dndITMV 4 - (Rohot 33-1 NC Ac 214-14) 

w\'ere highly promising against both species. 

Ta le 4 (Ir41iiniiittgeiiofl) es Wili low iicicencejassid (Finpoasca kerr) ( PlllitilS, W ISA T e 
of 
r,ririll setaso,(n 1984. 

..... VP Yellowed tolia e ( ) 
.\lh 7729 2.0 (8. I) 
N" ,,Ac 6 2.7 (9.4)NI 896-76 I 3.0 (9.9)

NC Ac 1787 
 3.3 (10.3) 
N( Ac 1006 3.7 (110.4)
 
NU Ac 1807 
 4.3 (11.91
M 57-72 5.1 (12.81

RC 44 
 5.0 (12.8)
MI399-72 5.0 (12.8)
NC .\c 1694 5.7 (13. 7)
NI 79-76(l) 5.7 (13.2)
NC Ac 1814 5.7 (1(.2)
NC Ac 213) 5.7 (13,7)


' 99219 
 5.7 (13.7)
NI 137-74 6.3 (1.4.0) 
I 23442 63(40

NI 6-76 6.7 (14.8) 
Susceptible control 

NIV 2 25.3 (30.2) 
S1 ±(2.1 1) 
Trial mean (in 87) 8.5 (16.54) 

CV ()(22.1) 

1.Vahltc, in ren It sLs ilr arc sine tramlsotmf iofl1, 

Groundnut leaf miner (Aproaerema mnodicella).
One of the hreakthroughs of the 1984 postrain 
season was tile discovery of 33 lines, that had 
considerably less, leaf ili lrcr dlinage thall the 
other 1452 lines tested. sccral , thce (V 20,
NC'Ac 12, S1, and 75-72 IM 3) also had good

agronomic chairacterist ics.
 

]Rust-red flour beetle (Tribolium csttattwtum). 
A l 84 18 was selected f'rom 526 other lines for re
sista nce to the rust -red 1lou1r hectic. The lII inberloflarViC produccd, anld pIeCentIge seed da1tmapedICL
 
\w'cre significantly lower when conpared 
to the
 
susceptible fine, ,\ PAU 4.
 

Breeding for Pest Rlesistance 

Generation advance and selection. lfeven 
hundred hulk selections l'on difTerent gencra
tions (1:, to F,) were grown in the posrl.aillv 

lil r a age in g nrmi caused by leaf miniier"la (lliie i .rlll iil cile i elf liirrn'n roare'ma Iftl i'llu). lii the 1984 rain's Season aildthe 1983/84 postrains season this pest destroyed ill) to 
40% of the groundutll afllarea in fields that isere not 
treated JirjthI insecticide. There was a considerable 
yield reduction as a restll of this damiage. W(IlSAT
(enter, rainy season 1984. 
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season for generationadvance, screening against pest and diseases, and to broaden the genetic 
thrips, and for selcction for various desirable base for agronomic traits. 
agronomic traits including yield per se. Based on During the 1983 /84 pos(rainy season under 
plant type, resistance, and other traits, we made natural infestations, 200 ad ,anccd-generation 
1500 bulk selections for further e'aluatior. Sev- brceding lines with varving levels of thrips and 
eral new crosses were attenipted, involving new jassid resistance \\ere evaluated for their yield 
sources of resistance to thrips an I jassids, and potential and thrips rcsistalnc along with stan
cultivars with low BNI) incidence. Some of the dard control cultivacs. Pod yields and percen
high-yielding, pest-resistanit breeding lines have tage F schuhzei leaf danage are shown in l ale 
also been crossed with foliar disease-resistant, 15 for sonic resistant selections that significantly 
interspecific derivatives to combine resistalnce to outyielded the control cltivars. Several breed

-
Table 15. Pod yield (kg ha1)of groundnut selections resistant iothrips (Frankliniellu schultzei) under natural 
infestation, ICRISAT (enter, postrainy season 1983/84. 

l.ca flets Pod 
damaged yield Shelling 

Identity Pedigree (%) (kg ha -t) (%) 

Trial I IFPRT 7 - 71.) 

ICGPRS 13 (Robut 33-I x NC Ac 2214) F,13 12 6670 73 
ICGPRS 10 (Robut 33-1 x NC Ac 2214) 1I13. 2(1 6000 69 
ICGPRS 2 (Robut 33-1 x NC Ac 2214) FgiBI 22 5960 72 
ICGPRS 8 (Robut 33-1 x NC Ac 2214) IB 15 5810 70 
ICGPRS 17 (M 13 x NC Ac 2214) FIB, 14 5670 74 
ICGPRS 4 (Robut 33-1 NC Ac 2214) F,13j 13 5620 66 

Controls 
Robut 33-I 26 3220 73 
J I1 24 4710 70 
JL 24 34 3720 74 
NC Ac 343 14 5840 61 

SE ±3 ±299 
Trial mean (n 49) 24 4930 
CV (%) 20 II 

Trial 2 (PRT 8 x 81.) 

ICGPRS 36 [(NC Ac 2232 x NC Ac 2214) - TG 17] F, 11 17 6310 71 
ICGPRS 30 [(Robut 33-1 NC Ac 2821) x NC Ac 2232] F,133 21 6170 70 
ICGPRS 77 [(Goldin I x Faizpur 1-5) x NC Ac 2232] FB I 11 6040 71 
ICGPRS 68 (28-206 (France) x NC Ac 2214) -61B, 13 5550 67 

Controls 
Robut 33-1 27 4470 72 

ill 26 4240 73 
J L 24 39 3340 72 
NC Ac 343 14 5270 62 

SE ±2.2 ±259 
Trial mean (n 64) 27 4510 
CV (%) 14.3 10 

Continued 
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Table 15. Comtillwd 

l.eaflets Pod 
Idenlit ityv Pedigree damaged 

{O 
yield

(kg ha-v 
Shelling

(%) 

ICGPRS 35 
ICGPRS 63 
ICGPRS 37 
IC(iPRS 21 
ICGPRS 19 
ICGPRS 24 
IC(PRS 22 
ICi 1RS 28 
I('C 1IRS 36 
lC((PRS 34 
ICG1PRS 57 

Trial 3 (PRT 9 - 9 I.) 
(TG I x NC Ac 343) J.,111 
(F33 4A-B-14 x NC Ac 2214) F7B,
(Mani IPintar ' NC Ac 2232) 1::11, 
(Mantredi 68 ,NC Ac 2232) F.B1 
( 201 NC Ac 2232) FI I
(Makiu Red , NU Ac 343) I,B 
(28-206 NC'Ac 10247) F,B, 
1X52-N-A-3-1, (IOItt 33-1 ,N('Ac 2214)] F13, 
(Malni l'intar NC' Ac 22) J.,111 
([G I - NC Ac 343) 1:,B1 
[(X52-X-X-3-B NI 13) , NC Ac 2214] I:711, 

15 
13 
13 
21 
18 
23 
15 
15 
9 

15 
II 

670(0 
6470 
6360 
6300 
6270 
6260 
601( 
6010 
5840 
5820 
5690 

71 
70 
73 
74 
71 
74 
71 
71 
73 
7,) 
70 

Controls 
Robut 33-1 
.IIf I5 5200 73 
.11.2 4 
NC Ac 343 

20 
29 
1 

3750 
3390 
494(0 

72 
71 
69 

SF" 
Trial mean (n 81) 

±1.6 
22 

±321 
4750 

12 
12 

ing lines, though Im-vielding. show\Cd \cry high thrips ,trrd jiassids resistance w\ere yield-testedlevels ol resistance to thrips and assidls. These under iatillral pest infestations under high- andselections are being Irrthcr crossed with high- low-iipit conditions in pesticide-free areas.vielding resistant or ihodratcl,,-rcsistant lines to (I igli-input conditions irrigated. 60 kg 1,(),improve (heirlagroioiuc character, ha t,and herbicides applied. I.ow-iipit( condi
tilos :1iGeneration a(ance, selection, .Ill(] yield 

Tigatcd, 2(1 kg P(* ha I applied.trials. \illiotit herbicides. No inscctlicides \crc used InThree liundred selections in \iti10is gc'eratiOis this experiment.)were sown l-gencratitn adviracek a id selection Yields of the IlitCIr lticiglest-iclhitg. \xirgirriafor pest resistance arid \ariotis desirable agro- bunch-type sclections arc givennoliiic traits in tile in la ble 16.rail season. .e\l',':lltsefrul I('i ,PRS35. 39. 59, 92, 94. anrid 97 werc tileselections made inCarl, generat ons possess res- Ihighn-yield irig select ions unider biorth high- aridistances to both thripsarid jassids. theyalso have low-iriit cornditions. I('(IRS 90. 8., 94. 97,excellent pod and kernel trailts. Il popula-F"., 1(14, 33. 39, 40. 106. 107. 59, aidn 108 hadtions derived Iroin crosses of- pest-resistant excellent pod aid kernel clhIrictCristics.breeding lines with interspccific derikautives We Among tle sixteen 1-,high-yielding(etected a rnnliber of sclectitis wkith lalrge pods 
spanish

burci selectins. 13 out-yieled (lie susceptibleand nutltiple resistiuice to severa pests. ard ho controls. I((S 26 and .11.24. 1lre resistant colrust, and late leaf spot diseases. trol, N( Ac 343. yielded well. bit I is a long-Six hundred atid seventy-eight advanced- durattion virgilia cultiviar. whereas the breedinggeneration selections with varying levels of lines tiiuttre in 120 days. Atong these, (Main
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Table 16. Pod yield (kg ha-') ofsome high-yielding thrips- and jassid-resistant virginia bunch groundnut sCleCtions 
under natural pest infestation and high- and low-input conditions, ICRISAT Center, rainy season 1984. 

Identity Pedigree Pod yield (kg ha - 1) 

Htigh-input conditions' 
ICGICRS 91 (Robut 33-1 x NC Ac 2214) 3550 
ICGPRS 35 (TG I x NC Ac 343) 3480 
ICG1PRS 43 (TMV 10 x NC Ac 2232) 3430 
ICGPRS 40 [Mani Pintar x (Robut 33-1 x NC Ac 2214)] 3420 
ICGPRS 108 (28-206 (France) x NC Ac 101247) 3310 
IC(;PRS 39 [(Mani Pintar x Robit 33-1) x NC Ac 2214] 3310 
ICGIRS 106 (Makulu Red x NC Ac 2232) 3250 
IC(1PRS 94 (Robut 33-1 x NC Ac 2214) 3060 
ICCPRS 96 (Robut 33-1 x NC Ac 2214) 3060 
IC(iIRS 104 (NC 17 x NC Ac 343) 3020 
ICGIPRS 59 [X52-X-X-3-1 (NI 13 x NC Ac 2214)] 3020 
ICMPIRS 107 (Manfrcdi 68 x NC Ac 343) 2960 
ICG1PRS 92 (M 13 - NC Ac 2214) 2940 
ICGIRS 97 (Robut 33-1 x NC Ac 2214) 2940 
ICGI)RS 7 (Robut 33-1 x N( Ac 2214) 2920 
Controls 

ICGS 6 2500 
Robut 33-I 2580 
NC Ac 343 2290 
SF ±304 
Frial ican (n 64) 2510 
CV (%) 17 

Low-input pesticide-free conditions 2 

IC(;PRS 39 [Mani Pintar x (Robut 33-1 x NC Ac 2214)] 1540 
ICGIPRS 59 [X52-X-X-3-1 , (M 13 , NC Ac 2214)] 1450 
ICGPRS 92 (M 13 x NC Ac 2214) 1450 
ICGPRS 37 (Mani Pintar , NC Ac 2232) 1430 
IC( IRS 94 (Robut 33-1 NC Ac 22!4 1410 
ICGIPRS 90) (Robut 33-1 NC Ac 2214) 1400 
ICG1RS 8 (RobUt 33-1 x NC Ac 2214) 1390 
ICGPRS 62 (Manfredi 68 x NC Ac 343) 1370 
ICGPRS 51 [(Mani Pintar - Robut 33-1) NC" Ac 2232] 1340 
ICCIPRS 35 (TG I x NC Ac 343) 1330 
ICGIPRS 36: (Mani Pintar x NC Ac 2232) 1320 
ICGPRS 103 (Manfrcdi 68 x NC Ac 343) 1320 
!CGIP'CS 97 (Robut 33-1 NC Ac 2214) 1310 
ICGPRS 109 (NC 17 x NC Ac 343) 1300 
ICGPIRS 33 (NC 17 x NC Ac 34) 1290 
Controls 

ICGS 6 1010 
Robut 33-1 1200 
NC Ac 343 1030 
SE ±98 
'rial ncan (n 64) 1130 

CV (%) 15 

I. See Table 10 footnote I. 2. See Table 10 footnote 2. 
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fredi , NC Ac 343)F8B,, (Tifspan , NC Ac 
2214)F 5 B1, (Goldin I xNC Ac 2232)F13, [(NC
Ac 2232 x NC Ac 2214) x NC Ac 343)]F,13, (NCAc 17352 x NC Ac 2232)F11,, (NIGS 9 x NC Ac 
2232)Fl13,, [(NC Ac 2232 x NC Ac 2214)x NC Ac 
343)]Fj13, (Nanfredi 08 x NC Ac 343)F,13,
(Robut 33-1 NC Ac 2232)Fl11 , and (Robtt33-1 , NC Ac 2232)F13, have excellent po 'and 
kernel chlracteristics. Several of, tile lines per-
fornied well under both high- alnd low-input 
Colld it ions. 

Miechanisns of I-lost R~esistance 

We studied various aspects otljassid biology ol 
13 resistant ;tn(1 onC susceptible ctrlti Var in a 
screen hous tin. Ihe parametcrs studied were
jassid longevity, fecund itv, bod' mass, andreproductive poteritial: tile plant parameters 
were leaflamina and midrib hairiness, and total 
phenolic (tannin) content. The results (Table 17)
showed that resista nce to jassids can be related 
to the presence of long and dense trichonies, a 
thick cuticle, and the presence of tannins The 
cause of jassid resistance in three of the lilies 
tested was not discovered. 

Nutrients 

Nitrogen Fixation and Nodulation 
Response of Cultivars to Rhizobiurn Strain 

NC 92 and Fertilizer Nitrogen 


In previous trials we showed that vields ofcultiv-
a is Robut 33-1, ,1L24, and ICGS 27 increased inl 
response to iloculhition with Rizo/inU stra in
NC 92. We also observed that Robut 33-1 
responded to the application of fertilizer nitro-
gen (ICRISAT Annual Report 1983, pp.205-
207). We conducted a trial inrthe 1983,'84
postrainy season with an expanded range
of genotypes to identify otheicr Ultivars that may
respond to NC 92, and to see if all those that 
respond also respond to nitrogen fertilizers. We 

Table 17. Natureand mechanism ofgroundnut resist
ance to jassids. 

n 
Nature of resistance Accession No. (NC Ac)
Oviposition reduccd 2214'. 2230', 22322, 

22.1013'. 22432,1
Fecding reduced 2214'. 22322, 22401
Fecundity reduced 22422, 2232', 22401 
Aritibiosis 343.1, 17052, 22422
 
Not known 
 785, 2144, 2666
 
Mechanism of resisance:
 

f. Iligh density. ong hairs. 
2. Thick cuticle.3. fligh tannin content. 

found that ICGS 4, ICGS 5, ICGS 6, ICGS 11,and ICGS 12 all responded positively to NC 92
inoculation, but only ICGS 4, ICGS II and 
IC'(;S 12 also responded to applications of fcrtil
iier nitrogen (Table IX).

Estimates of the ariotrnt oflitroget fixed bya
given legunle crop can he umade by compairing
the nitrogen accumulated ill that crop with the 
amloui t of nitrogen provided to a rioni-fixirig 
crop (usually of another species) to estimate theeefoamount that would have been taken up from thefsoil. 
 The major uncertainty of' this differential

uptake method been tilehas that uptake byanother species riay be aFlonloilllt of rit rogeni ta ken 
poor reflection of theip by [lie lcgunie f'romi 

that soil. 
)uring the 1983 84 postratiny sciisonr we corlipared nit rogeri acCUMLiation by tw riodtrlatiig


genotypes with a iori-rrod tilttiig grouridii ut and
 
two sorghum ctrltivars. All comparisons were
riade at five levels of applied N, ranging from 0
 
to 200 kg nitrogen ha-. Accunulation by the
 
nodulting 
 groui nd i uts was affected by the
application ofnitrogeributt lie cUltivars difOered. 
Robut 33-1 responded positively, and .1 11 nega
tivcly. However, the lion-ritodhtliting ground [iuts
and sorgh til responded ill a sirmilar and linear 
fashion to the applied nitrogen (Fig. 12). This 
result suggests that sorghum gives a reliable esti
mation of ltc 1mount ofnitrogenavailable from 
the soil for ground nuts. 
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Table 18. Effect of Rhizobiwm strain (NC 92) inoculation and nitrogen fertilizer on pod yield (kg ha-r) of five 
groundnut genotypes, ICRISAT Center, postrainy season 1983/84. 

Tlreat me nt 

Cultivars 

Control 
(110ninoculated 
nonfcertilized) 

inoculated 
(Rhizobium 
strain NC 92) 

Nitrogen 
applicd 

(200 kg ha -I) Mean SF 

ICGS 
ICGS 
ICGS 
ICGS 
ICGS 

12 
II 
4 
5 
6 

5300 
5140 
3580 
4570 
5340 

581( 
5730 
4320 
5330 
5530 

5690 
5690 
3970 
4080 
4940 

5600 
5520 
3960 ±192 
4660 
5270 

SE ±333 

Mean 4785 5342 4875 

SIE mean ±149 

Field trial to compare nitrogen accumulation )y n(dulating and non-nodulating genotypes of groundnut and two 
sorghum cultivars. The groundnuts in the foreground are nodulating t1,pes ol~iously growing better than the 
non-nodulating one (center), ICRISAT Center, postrainy season 1983/84. 

;N 

As. 
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o Robue 33-1 
0 J 11 aCsH 

250.Yg xnon-nodulatng line AH 35-1
 

2Screening 

0 


OTwo 

-C 

L 

0 so l 150 
0 d0 

0 
Nitrogen app led kg ha' -

Eo y= 204 + 0.19x, rse = 8.99 
r 00.88, 1P, 0.05 

O , =213 - 0.39x + 0.002xz, rse 4.27 
r = 0.95, P ., 0.1 

X y 28 + 0.35, rse 0.968 

Sy: 33 + 0.34\, rse = 5.47 
r 0.98, P. 0.01 

* y 25 + 0.30x, rse = 2.65 
r 0.99, P 0.01. 

Figure 12. Effect of nitrogen fertilizer applied (kg
ha-') on nitrogen uptake measured as nitrogen har-
vested (kg ha-1) in: a. two nodulating groundnut geno-
types, Robut 33-1 and .11; . a non-nodulating
groundnut line, and c. two sorghum genotypes, CSI! 
8R and M 35-1, ICRISAT Center, postrainy season 
1983/84. 

In this experiment tile amoun:i of nitrogen
fixed by the nodulating groundnut was esti
mated to be 180 kg hawl. 

Methods to Ientify Rhi.-obiutn
Inoculant Strains 

major criteria are generally used to identify
strains of'I?/t'objiu for legume inoculants to be 
used by farmers. The first is the ability to fix 
greater amounts of nitrogen than native strains 
(efficiency), and tile second is the ability to form 
nodules w%'ilithe host plant in the flace ofcompe
tition for iinfection sites by native rhizohia(coinpetitive ability). We situdied til nitrogcn-fixing
efficiency and competitive ability of three Rhizo

hitiit strains. TAl. 176. NC 43.3, and N( 92 intwo-strain colhinations, in pot culture inl a 

greenhouse, and as single strains against the 
native population in a field ill IR ISAT Center.

Using the conventiotial methods of illeas:1'ingnitrogen-fixing efficiency we lobr:Jlthat strain 
NC 43.3 fixed most nit rogei (l able 19). Il two
strain combinations, and illtile field IAI. 176
 
was a poor cormfpetitor. In pot-culture conditions
 
NC 43.3 was superior to NC 92, but in the field 
against the native r/izohia, NC 43.3 and NC 92 
had simil comter daetitiv abilities ([able 20).

Based on these data, and cotventional selec
tion criteria for strain identification. NC 43.3 
would be identified as the superior strain, however. these benefits do not relate to the relative 
performance of the strains ill increasing pod
yields since NC 43.3. despite similar competitive 

Table 19. Effect ofRhizobium strains NC 92, TAIL 176, and NC 43.3 (1 cellsseed-') on groundnut cultivar Robut33-1, greenhouse trial, ICRISAT Center, 1984. 
Total dry Nodule Nodule
Rhizolhium Total Nmatter (g) number mass (nig) N-contentstrain fixed (mg)plant-' plant-' plant-' (%) plant-' plant-'

TAL 176 4.1 
 173 
 91 
 3.7
NC 43.3 1524.3 
 216 
 119 
 4.8NC 92 2054.1 
 169 
 102 
 4.0 161
 
SE ±0.20 ±8.8 
 ±6.2 ±0.19 ±19.9 



Groundnut 221 

Table 20. Percentage nodules formed on groundnut nodtlation and nitrogen fixation (ICRISAT 
cultivar Robut 33-1 by three Rhizobium inoculant Annual Report 1981, p. 186). During the 1984 

strains (NC 92, TAT, 176, and NC 43.3) in two-strain rainy season we observed decreases in pod and 
combinations (106 cells of each strai, seed') in green- hatln yields when groundnuts were sown 8-10 
house pot culture, and as single strains (10h cells cm compared to 4-6 cm deep. The probable rea
seed-') in field containing 102-101 native rhizobia g-1 sons for deep sowing are: to utilize residual soil 
dry soil, ICRISAT Center, rainy season 1984. moisture for germination and seedling growth; 

Nodules formed by to protect the seed from birds and animals: and 

strain ('t because conventional soN\ ing devices place the 

seeds deeper than necessary.NC IA!I NC 
92 176 43.3 Our results (Table 21) indicate that yield losses 

due to this practice could be substantial, and we 
In pot culture also found that there was a significant iutcrac-

NC 92: [AL 176 93 2 - tion between the effects of sowing depth and
NC 92: NC 43.31 48 - 77

1 - 7cultivars, with Robut 33-1 being more affected77 TAI1, 17 6: NC 4'.. - 3 973 than .1 II. Shallow sowing is desirable if stand 

In field as single strain 20 I 17 establishment can he assured. Research to over-

Total valUCs greater than 1O'i arc dUe to double OCCU- conc these problens by other nelthods could 
pancy by NC92 and NC 43.3. have a substa nt il impact on yields achieved by 

farmers. It is also possible that genotypes that 
stuffer less yield loss when sown too dceply, could 

ability and greater nitrogen-fixing efficiency be identified. 
does not increase yields while NC 92 does (ICR I-
SAT Annual Report 1979/80, pp. 157 and 1982, Iron l)eficiency 
p. 200). 

This effect is being further investigated since it Screening Breeding Lines for Iron Efficiency 
leaves some doubt about the \'alttof the existing 
strain-identiflication procedures. In yield trials at lihavanisagar during the 1984 

rainy season several breeding lines showed 
Effect of Sowing Depth on Yield severe iron chlorosis symptons when the crop 

was 80 davs old. We used this opportuir nity' to 
We reported earlier that deep sowing, as prac- screen for iron 'efficiency' a mong the breeding 
ticed by many farmers in south India,decreased lines. Iron deficiency was scored on a 0-5 scale, 

Table 21. Effect of sowing depth on pod and haulhn yields (kg ha- I) oftwo groundnut cullivars, I('RISAT Center, 
rainy season 1984. 

Pod yield (kg ha- ) llaulhm yield (kg hiw) 

4-6 

Sowing depth (cmii) 

8-10 SE' 4-6 

Sowing depth (cm) 

8-10 S! " 

J 
Robut 33-1 
I1 

5200 
2930 

3400 
2220 

-+182 4230 
3550 

3470 
3260 

±164 

SE ±251 ±184 

Mean 4060 2810 3890 3360 

SE mean ±129 ±116 

I.SEs for comparing sowing depth within acultivar.
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Table 22.4 Selected iron-efricient groundnut breeding 
n 	 rttbedn~etgoI-lilies'. 

(iroujndnut leaflets slising chlorosis (fue to severeiron deticiency, h11'aflisagi r, rainy seit Iason 1984. 

vherc ( no dand 5 complctely chto-
rltic, in 180) brceding aitd 'ermplasm lines, each 
replicated three tintes in three (ifferenit trials,
Consistent scores w\'erc observcd between repli-
cations. Eight lines were selected as iron-efficient 
(ble 22) based on consistethtl\low scores 
across replicates. Bothl the slall- and lirge-
podded selections ol NC 3033 sho%\e( no (lefi-
ciettcv in all the replicates tcted. 

Plant Improvement 
Breeding for High Yield and Quality 

IPostrainy Season 1983/84 

Generation advance ain(I selectionI . Five
hutdred bulk selections frotn different genera-
tions (F, - Fil) were generation advanced. Fol-
lowing selection for yield and other agronomic
traits. 430 bulk selections froin 270 crosses \%ere 

Iron elliciencyI'etigrcc score 
NU 3013 (S.mall poId) 0.0
NC 3033 13Hold pod) 0.0 
RMP 12 0.3 
RMI t1l90.5 
NC Ac 17142 0.5
lc(;S( I) 42 0.5 
I(GS(I.) 30I 0.8P 	39352713 0.8 

,I II2.3 

.11I24 2.8Robut 33-I 2.8 
Chico 4.0 

I. 	Jlln ibce (fillCrent trials. 
2. 	 ()n a 0-5 %clle, "Ihlee 0 nt deficicncv and5 7 COjlnpltChe

ci''hh Ayrtv t.rcl e age of ree plicate . 

rclainCd for Itirtlhr selection ,Ind generation 

advance. We also identified sfanish hunch selec
tions with largecpo(ds and seeds with tan or rosetesta color. Wc evilutated progenies front inter
specific crosses susceptible to oiar diseases for 
various agrontomtic traits. and 5(0 selections weteretained for further evrluation. 

We attempted new crosses of high-yielding
ICS lines with other gel-Ieplasni lines having
desirable agroiotic traits. (rosses int'olving
intcrspccilic derivati\yes %\,ere also itiade to
broadett the gettetic base for various agrottomic 
ttits. 

Yield trials at I(RISAT (enter. Five hundred 

adtkanced-generatiOnt
their 	 selections were testcd f(ryield potential comprccl to Robut 33-1 
and l('GS II tinder ligh-intpnt conditions inbroadbed-and-firro\ 	 a( IMIH:) system. Pod yields 
ol spattish and \irgitii bunch selectiots a re presettted inl'atble 23. All the selectionls it Fable 23
have significaintly outvieldcd both the titiikit
control cuhtiVMrs by vielding more than 7100 kg
dry pods lta . The highest yield of'8001) kg pods
ha I was recorded by the selection [(NC Ac 
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Table 23. Yield of spanish and virginia bunch selections outyielding both Robut 33-11 and ICGS 112, ICRISAT 
Center, postrainy season 1983/84. 

Trial 
number Pedigree 

I)ry pod 
yield 

(kg ha') 
Growth 

habit 

Yield of controls 

(kg ha I) 

Trial 
(F,) 

I [(G 37 ' 259747)F,,B t 
Robut 33-1-21-11 ]F,1 L 

[(NI 13 Robut 33-1)F,,B 
(53-68 Robut 33-1 )]I:B 

(Robut 33-1 x 85)11 
(Robut 33-1 905)F1 B 
(Robut 33-1-21-II , 877)1,B 1 
[(53-68 ,RobUt 33-1)F, I , , 

(NIK 374 - Robut 33-1)1:7 BIFII 
(Robut 33-1 811 )1,B3 
[(Robut 33-1 NC Ac 2821)F, 
(USA 20 [TMV l0),Il]l:I,,1j 

7640 

7440 
7400 
7300 
7220 

7210 
7090 

7010 

Sit 

V\B'S I 
VB,S B 
VII.SII 

\'It 

VR 
VB.S I 

Si 

Robut 33-11 
IC(iS 112 
SF. 
Trial ican (n-36) 
CV ((7) 

6090 
6220 
±246 
6450 

7 

Trial 2 
(F) 

(1GS 22 ICGS 16)l,3 
[(ICGS 5 -(TIV 10 - ('hico)FI]]Fl 
[(I('(;S 15 (MV 10 ('hico):,Bi]FB, 
[(IC(;S 24 (FMV 10 Chico)",,I]Fl, 
(NC Ac 17352 Ai 14)lB 

7800 
7230 
7130 
7130 
7120 

Si 
VB, SiB 
SB. VB 
VII, SI1 

VIt 

Robut 33-1 
ICGS II 
SE 
Trial mean (n z49) 
CV (Ci) 

6170 
5830 
±332 
6230 

9 

Trial 3 
(F:,F) 

[(N( Ac 17090 x Roblt 33-1)1:[I 
(NI 13 - Robut 33-1)FlI l:jI, 
(Robut 33-1 I..No.95-A)FI i 

x 
8010 
7191 

SB 
SB, VIB 

Robut 33-1 
ICGS II 
SE 

5380 
6020 

±396 
Trial mean (n= 25) 
CV (M) 

6150 
II 

Trial 4 
(NYT V1B) 

(Robut 33-1 
(Florigiant 

NC Ac 2731) 5liB, 
Robot 33-l)F.II, 

7250 
7100 

Robut 33-1 
ICGS II 
SE 
Trial mean (n 2 

CV ('() 
18) 

5630 
6280 
±227 
6230 

6 

Trial 5 
(F,2) 

(NC Ac 529 
(NC Ac 475 

xRobu 33-1)F,,B 
x Robut 33-I)F1 213, 

7240 
7010 

Robut 33-1 
ICGS II 
SE 
Trial mean 
CV (%) 

(n = 36) 

5280 
6040 
±162 
5480 

5 

I. Robul 33-1 = virginia bunch control. 
2. ICGS I I = spanish bunch control (Sit). 
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17090 - Robut 33-1) , (M 13 - RobutF7 1 
33-1 )F I3,)] F B . Many other selections signifi-
cant ly outyielded Robut 33-1, but not ICGS II. 

The oil content of these lines varied from 38 to 
491,7j, and the protein cont,:nt from 16 to 28,j,. 

Rainy Season 1984 

Gceneration advance and selection. we grew
474 selections from 314 crosses in various gener-
ationis (F'-l)under high-input conditions.UsefujlI selections were made, including large-
seeded confectioriery types. 

Iligh-yielding breceding lines and gcriuplasi
accessiorns with desirable agronlonlic traits were 
intcrcrossed to generate ne\ poplations witli 

10re genetic variability for various traits. 


Yield trials. We yield-tested 220advanced gen
erations under high- and low-input condit ions at 
ICRISAT Center anid lhavaiisagar. Other 
trials at Anantapur, 1)ha'wad, and iiisar were 
ahandoned due to drought or soil salinity prob
lems. Selected results from one of tie trials are 
showii in Tal e 24. Several Ilines,such as (NIM(S 9 
R,obut 33-1)lI113, and (Rohut 33-1 x NC Ac 

316)F1 SI13yielded well ii rider both high- and low
input condit ions at ICRISAT Center. 

Preliminary evaluation of new Twoselections. 
hundred aniid seventy new ;Slcctions. identified 
earlier, were evaluated for their performance
against standard control cultivars under high
and low-input conditions at I('R ISAT Center ill 
tie rainy season. 0f these, 150 selections were 

Table 24. Kernel yields (kg ha-I)of some ligh-yielding selections in Ihree eiuvironments, I('RISAT Center (highand low-iniputs') and Bhavaiinis.gar, rainy season 1984. 

Yields (kg ha 1) 

Pedigree 

(M(iS 9 , Robut 33-1)FIsl]B 

(NIK 374,x Robut 33-1)F,,F, 

(NIK 374 x Robut 33-1)l 1,1 1
 
(Robut 33-1 NC Ac 316)1-E'13 


[(Robut 33-I NC Ac 2821) ,
(Goldin I -l ai/pur I-5)]I-i I 

(NI 13 - KU No.203)Fml1I 

Robut 33-1-12-10 

(Fltrigiant All 330)1:,Iil 

(Faui/pur I-5 A 330) 1-i,1)Ati 1 
(I:SII 7-2 75-23)-

Controls 
Rohut 33-1 .1 
ICGS 6-


SE 

Trial mean (n = 64) 

CV (%) 

1.See Table I0footnotes I and 2. 
2. Figures in parentheses are yield ranks. 
3. Virginia hunch ivpes. 

ICR ISAT Center 

Iigh irpr I.ow input
(Irrigated) (Rainied) 

6290 ( )z 1470 (5) 
5750 (7) 1361 (20) 
5740 (8) 1480 (4) 
62010 (2) 1450 (7) 

5200 (21) 1320 (28) 
5880 (5) 1340 (22) 
5990 (3) 131t (29) 
5480 (14) 1491 (3) 
5560 (12) II 70 (43) 
5151 (28) 1380 (13) 

4400 1160) 
5160 
 950 


±282 
 ±129 


505(0 1250 


10 18 

13havranisagar 
(Irrigated) M ean 

1790 (45) 3180 
2150 (19) 3090 
1930 (34) 3050 
1451 (59) 303(0 

2480 (7) 3000 
1710 (50) 2980 
1580 (54) 2960 
1820 (42) 2930 
2000 (26) 2910 
2100 (21) 2880 

1760 
1860 

±252
 

1970
 

22 
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Table 25. Pod yields (kg ha-') ofsome high-yielding selections with excellent pod and kernel characteristics under 
high- and low-input conditions', ICRISAT Center, rainy season 1984. 

iligh-input conditions I.,w-input conditions 

Pod yield Pod yield 

Pedigree (kg ha-i) Iedigree (kg ha- I) 

[(Florigiant , NC Ac 17090) (ICGS 44 , F334A-I-14)FI 1580 
(1)h 3-20 , II1 259747)]FB, 6860 (ICGS 4 ) x IC(S 4)F5131 1550 

(ICG.S 21 " ICGiS 38)F,B1 6690 [(Florigiant x NC Ac 17090)x 
(ICGS 21 x ICGS 38)F,13, (1li 3-20 , P[ 259747)]F1B, 1440 
(Ali 65 , F334A-1-14)FI,B 6600 (IC(iS 46 , ICGS 36)Fs11 I 1420 

(GAUG I x F334A-I-l4)F,B 6430 (Alt 65 , F334A--14)FB 1 1330 
ICGS 16 , F334A-13-14)FIi, 6420 (Var 2-5 F334A-B-14)FB I 1310 

(ICOS 44 , F334A-B-l4)FB, 6420 (ICGS 21 ,IC(S 38)F,I 1290 
(ICS 44 -F334A-B-14)FIl, 6340 ((AU( I x 1:334A-IB- 14)F,11j 1270 

(Si 5 [f-334A-I-I4)F,,B I 6250 (1(iGS 21 IC"S 38)I:,,BI 1250 

(Var 2-5 -F334A-II-l4)FB, 6240 (1F334A-1-14 x IC(iS 6)FI 1 1240 
(ICGS 24 - ICGS 27)F,B3 6070 (ICGS 24 x (GS 27):,1I1 1220 
(Var 2-5 " F334A-1l3I4)lI 6061) (ICGS 16 ' F334A-1-l4)FB, 1190 
(ICGS 16 x F334A-IB-14)F5B, 5930 (ICGS 24 - IC(S 27)FI,B 1180 
(ICGS 44 , i 334A-B-l4)F5BI 5920 (I'GS 44 x I'334A-l-l4)IFB 1170 

(ICGS 49 - ICGS 4)1-',13, 5911) (Smi 5 - |334A-B-14)FJI, 1150 
(I(GS 46 x ICGS 36)F,13, 5880 (Ii'(iS 27 x F334A-B-l 4 )FH3 111)0 
(ICGS 27 xF334A-13-1 4)I 13 5851 1 (F334A-11-14 iWFS 20)1*;,, 1150 
(ICGS 24 xICGS 27)1:,F13 5771) IC(iS Io - F334A-B-l4)FIB1 1080 
(1334A-13-14 x ICGS 20)FJ1,B 5620 (IC(iS 44 x 1:334A-B-14)F,1, 1070 

Controls Controls 
JL 242 4560 J1. 242 700
 

-
Robut 33-1 5661) Robut 33-I.1 1300 

SE ±306 SE ±108 

Trial mean (n = 25) 5970 Trial mean (n = 25) 1200 

CV (%) 9 CV(%) 15 

I. See Table I0 lootnotes I and 2. 
2. Spanish bunch type. 
3. Virginia bunch type. 

rejected for having low yields and undesirable superior to.1 L 24. Selection [(Florigiant x NC Ac 

pod and kernel traits. Only 110 selections have 17090) x (l)t 3-20 x PI 259747)]F713 produced 

been retained for further evaluation for various the highest pod yield. 6860 kg dry pods ha- , a 

quality traits. Results for sone of' the high- 50%7 yield increase over .11.24 and 20% over 

yielding selections with excellent pod and kernel Robut 33-1. It ranked 3rd under low-input con

characteristics are shown in Table 25. Under ditions when it yielded 1440 kg dry pods ha-'. 

high-input conditions the best eight selections Similarly. most of these selections were signifi

significantly outyielded both .11L 24 and Robut cantly higher-yielding than .11 24 under lie low

33-1, whereas others were only significantly input conditions. Selection (ICGS 44 x F33 
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4A-13-14)F5t3, that gave the highest pod yield
under low-input conditions ranked 8th under 
high inputs. 

It is interesting to observe that one of thecommon parents in tile pedigree of ntanv oft hese
selections is F334A-13-14. a Florida breeding line 
resistant to collar rot caused hy l)ip/oia sp.
This material might be of interest in areas wherecollar rot is a serious problem. It appcall that
F334A-13-14 has good combining abilities. 

Breeding f)r the Confectionery Market 

Large-seeded, well-shlaped kernels receive a pre-
inium price on the world market for edible
grond n uts. .x porting coiint ries include Egypt, 

talawitel Peoples' Republic 0I('2 Fhina,Senegal, and Sudan. Many other countries are inter-
ested in developing either an export, or all 
internal trade in this type of groundlito.In tile 1983 84 postrain\ season, lirgc-seciled
selections averaging 30-.40 seeds ounce- Coln-
pared to 50-60 seed. once- for the control cul-
tivars Robut 33-1 and ICGS I I. wereyield-tested at ICRISA" Center under high-
Input conditions. Many selections yielded over6000 kg pods ha-a,aid ftLir over 700) kg ha-I
(Table 26). The iuinber of seeds ouncec- is a 
quality estimate used hy the confectionery trade. 

. HYQS- 3 

T, JL 24 

Robut 
iili 

+?J+ 

G;roundnut cultivar iIYQS 3 (top) Ihes well-shaped
kernels, larger than the three commornly grown cullivars shown for comparision, ICRISA" ('enter, post-

rain se son983 84 .m 

Table 26. Performance of selected confectionery
groundnut selections IIIYQ(cG)Sj, ICRISAT (en
ter, postrainyseason 1983/84. 
e 

Trial 
no. 

I. 

Identity 

IIYQ(CG)S8 

( rowith 
habit 

S13, VI3.1 

Pod yield 
(kg ha-') 

7005 
Controls 
Robut 33-1' V13 6093 
ICGS 112 S13 6221 

Sitrial mean (n=36) +2466454 

CV (%) 7
2. IIYQ(C(;)S13 S11 7875 

11 YQ(CG)S 14 VII 6965 

Cobut 33-I V 6219 
ICGS I1l S13 7264 

S£I .r286 
Trial mean(n=21) 6753 
C' (%) 7 

3. H YQ(CG)S 17 SB 7583 
Controls 

Robel 33-1 VB 6000 
J l 242 SB 5653 
SE ±345 

Trial mean (n64) 5947 

CV(4) 10 
I. Virginia bunch type. 
2. Spanish bunch types.
 
.3. Spanish hunch. V\'Virgini,,bunch.
 

fIn tlie 1984 rainy season further trials ''ere 
conducted under high-and low-input conditions 
at ICRISAT Ccterw'id Bhavanisagar. Yields ofselected large-seedcd entries having counparable 
yvields ito tihe small-seeded conltrols ire shown inl 
Fable 27. 

Breeding for Earliness 

It is essential to know Just wh'len Itcul1tivar is 
a tu re s o)tha t o n ly ectrly ty pes a re selected . 
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Tale 27. Pod yields (kg ha-') of large-seeded confectionery groundnut selections[I1YQ(CG)Sj in three environ
ments, rainy season 1984. 

Pod yield (kg ha
') 

ICRISAT 
Identity Pedigree fil' 1.11 saga" Mean 

HYQ(CG)SI4 [(Robut 33-1 x NC Ac 2821) x NC 3033)]F: 1 Bl 5210 155(0 2370 3040 
HYQ(CG)S3 
HYQ(CG)S5 

(M 13 x Robut 33-I)F ,5, 1 
(Robut 33-1 M 13)F 15 B, 

5730 
5010 

1160 
1370 

1750 
2250 

2880 
288(0 

HYQ(CG)SI (JIH 335 x Robut 33-1)FB 4880 1300 2080 2750 
HYQ(CG)S2 (M 13 x Robut 33-1)F17,51 .-940 1330 1800 2690 

Controls 
ICGS 62 5160 950 1860 2661) 
Robut 33-12 4400 1160 1760 2440 

SE 
 ±282 ±129 ±252
 

Trial mean (n:64) 5050 1250 1970 

CV ,1(7) 10 18 22 

I. 111 = Itigh-input conditions, 1.1= Low-input conditions, see Tible 10 footnotes I and 2. 
2. Small-seeded control cultivars. 

However, this is complicated in groundiltt, Front the breeding lines tested in six trials in the 
because of its indeterminate nature, and because rainy season, we selected 26 eatrly-maturing (90
pod maturation is a cumulative, subterranean 100 days) and 22 extra-ca rlv-maturing lines (75 
process. Maturity determinations are further days). The performance of' fotjir selected lines is 
conplicated by soil and atmospheric factors, compared to the controls in the staggered harv-
Therefore, we worked on an operational defini- ests from one trial in Table 28. The results show 
tion for maturity in groundiut. that the early-niaturing lines, unless otherwise 

We used a 'staggered-larvesting systeni' in harvested early, do not exhibit significant 
which the lines under evaluation are harvested at advantages. This is. perhaps, because of a posi
predefined regular intervals from randomized tive regression of yield on maturity and the losses 
and replicated field plots. Pod and sound maure that occur after maturitv. 
kernel (SM K) yields, shelling percentages, and The progress of SM Kyield ha Iover the harv
kernel masses are estimated from the staggered ests of two early varieties and three controls is
harvests. Maturity is detcrmined as that point of given inFigure 13. ICiS(E) 71 appeared to be 

time when these maturity-related characters an extra-early line. maturing in less than 75 days, 
reach their peak. Preliminary experience has and consistently out-yielding Chico, also from 
indicated that this is a useful system to define the same group. ICGS(E) 61, that showed the 
agronomic maturity in groundnuts. highest yield in 90 days also showed superiority 

Using this approach, we screened 60 breeding when harvested at 75 days. All the selections are 
lines for maturity in the 1983/ 84 postrainy sea- being retested. 
son, and 184 breeding lines and 71 germplasm In the rainy season we also screened 75 germ
lines in the 1984 rainy season, in nine trials, plasm lines obtained by increasing single-plant 
From the two postrainy-season trials, we selections from early-maturing gertiplastn 
retained 44 lines for retesting in the rainy season, accessions (ICRISAT Annual Report 1984, 
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Table 28. Performance of selected early-maturing groundnuts in staggered harvests at 75, 90, 105, and 120 DASunder high-input conditions', ICRISAT Center, rainy season 1984.
 
ICGS(E) 
 Pod yield SMK yield Shelling 100-kernelnumber Pedigree (kg ha-') (kg hla i) () Iass (g) 

75 I)ASII (X4-X-X-I- ,, Goldin I) 3370 1940 66 4121 (72 P x Chico) 3290 1901 67
22 (Ah 65 x Chico) 44
 
3540 1890 64 3827 (.111 89 , Chico) 3260 1560 59 36 

Controls
 
Chico (Early source line) 
 2100 1200 65 30J I. 24 (National) 2670 1280 55 41Robut 33-1 (National) 2840 1450 61 35 

SE ±301 ±214 ±4.4 ±3.5 
Trial mean (n = 33) 2950 1580 61 37.0 
CV (%) 13 17 9 12 

--.... . . . . .. ... ... 90 D A S . .. . . . .. . ... . .
 
II (X14-X-X-I-11 x Goldin I) 
 349021 (72 R x Chico) 1930 65 403530 1910 63
22 (Ah 65 x Chico) 38
 

3320 1850 63 4027 (OIH 89 x Chico) 3930 2490 68 41 

Controls
 
Chico (Early source line) 
 2490 1400 63 27JI. 24 (National) 3240 1730 59 4,Robut 33-1 (National) 3240 1820 64 39 

SE ±358 ±329 ±7.7 ±3.1 
Trial mean (n = 33) 3330 1780 63 38 
CV (M) 13 23 15 10 

. . . . . . .. . . .... . . . . 10 5 DA SII (X14-X-X-I-1 ,, Goldin I) 2760 1260 59 3221 (72 R x Chico) 3090 1720 6822 (Ali 65 x Chico) 38 
3350 1861) 62 3227 (JI-I 89 x Chico) 2890 1590 65 37 

Controls 
Chico (Early source line) 1400 620 47 24.1i 24 (National) 2960 1780 66 40Robut33-l (National) 2760 1610 66 37 

SE ±444 ±336 ±5.7 ±2.! 
Tri,d mean (n = 33) 3120 1710 63 35 
CV (%) 17 24 II 7 

Continued. 
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Table 28. Continued. 

ICGS(E) 
number Pedigree 

II (XI4-X-X-1-B x Goldin 1) 
21 (72 R x C'1ico) 
22 (Ah 65 x Chico) 
27 (.lt 89 , Chico) 

Controls 
Chico (Early source line) 
JL 24 (National) 
Robut 33-I (National) 

S E 

Trial mean (n = 33) 

CV (%) 

I. See Table 10 footnote 1. 

ICG(tE) 61 
................ tCGS EI 71 

Ch lIco-
. ..24 


sm ......... R 33-1 

a 

Ci 
 ,maturing 

... " 

..,. .,., 

IS00-

S100- "-.. "'.2 
--------- -" 

Pod yield SMK yield Shelling 100-kernel 
(kg lia-) (kg ha- 1) (%) mass (g) 

- 120 I)AS 
2930 1590 64 45 
2680 1820 72 45 
2610 1700 73 40 
2420 1440 67 46 

1220 470 45 32 
2420 1450 67 51 
2960 1950 71 53 

±347 ±276 ±5.4 ±3.4 

2530 1500 66 42 

17 23 10 10 

pp.21 2 ) by staggered harvests, and we identified 
13 selections with high, early yields for further 

-

testing for earliness and yielding ability. Fight of 
these lines are valencias. 

In the rainy season, we also tested 64 early
breeding lines in two trials at five loca

tions in India to determine their adaptability and 
yield stability across locations. We selected 18 
early li ncs for their superior pe rforma nce (Table 
29).

In 1984 we organiied an International 

Groundnut larly-Maturing Cultivar Trial with 
32 entries, and sent it to I2 locations; 6 in Africa,

in Asia, and 3 ;n other continents. 
We continued oir crossing work to include 

-newly-idcltified, carly-maturing lines, and high
_ sDoo- yielding hut late-nmaturing lines with other useful 

I I I L traits. 

C 

Lt 
0 -- Utilizing Wild Arachis Species7 90 JoLs lJ7 

Dys fter soing [MRSi We continued to backcross interspecific deriva-

Figure 13. Sound mature kernels (SMK) yield (kg tives. We selected disease-resistant segregates 
ha-) of two breeding and three control groundnut from segregating populations of stable, tetra
lines in staggered harvesting under high-input condi- ploid, interspecific derivatives, and advanced 
tions, ICRISAT Center, rainy season 1984. thern in single-plant progeny rows. Advanced 
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Table 29. Performance of selected early groundnut lines at five locations in India, rainy season 1984. 

ICGS(fE) 
number Pedigree 

ICR ISAT 
(111)1(90)2 

ICR ISAT 
(1.1)1(114) 

Pod yield (kg ha i) 

lihavani- l)harwad 
sagar (85) (98) 

Ilisar 
(107) Mean 

Trial 3! 
21 
10 
8 

26 
13 
12 

(72R x Chico) 
(JH 171 x Chico) 
(NC Ac 17113 x TG 16) 
(Tifspan x 28-206) 
(Jacana x L.No.95 A) 
(148-7-4-3-12-B x 72 R) 

3530 
3480 
3490 
328) 
3270 
3490 

1100 
1160 
1010 
1170 
1060 
880 

1710 
1220 
1420 
1370 
1150 
1680 

283) 
264(0 
2490 
2600 
2880 
2100 

3660 
3850 
3930 
3590 
3520 
3350 

2566 
2470 
2468 
2402 
2376 
2300 

Controls 
Chico (Early source line) 
JI. 24 (National) 
Robut 33-1(National) 

2490 
3240 
3240 

330 
1090 
1250 

1230 
1000 
861 

2280 
2670 
2840 

2310 
2790 
2590 

1728 
2158 
2156 

SE ±353 ±144 ±275 ±275 ±538 
Trial mean (n=33) 3330 1030 1200 2680 3140 
CV (%) 13 17 28 13 21 

Trial 32 
56 
55 
34 

52 

(ICGS 44 x TG 2E) 
(ICGS 22 x TG 2E) 
(2-5 x Robut 33-1) 

(Shantungku No. 203 

4280 
4050 
3970 

900 
1080 
950 

1230 
1190 
1750 

3800 
4060 
3870 

5650 
454) 
3720 

3172 
2984 
2852 

50 

38 
30 
49 
36 

Robut 33-1) 
(Goldin I , FaiZpur I-5)F, 

SI..No.95 A 
(X52-X-X-3-13 , Chico) 
(Ali 65 x Chico) 
(Gangapuri L..No.95 A) 
(TMV 7 x Chico) 

4220 

4270 
3810 
3670 
3720 
3150 

1390 

790 
1050 
1140 
890 

1150 

3950 

940 
1140 
1430 
1130 
1120 

3410 

3560 
3650 
4010 
3670 
4060 

2814 

4470 
4020 
3250 
4040 
3950 

2806 
2734 
2700 
2690 
2686 

53 

48 

[(-IG I x EC 7(-146(292)F,)
Robut 33-1-1-10-3 F4] 

(FSB3 7-5 x L.No.95 A) 
3600 
3560 

900 
770 

1050 
1070 

4350 
329) 

3130 
4320 

2606 
2602 

Controls 
Chico (Early source line) 
J.I 24 (National) 
Robut 33-1 (National) 

1920 
3210 
3190 

270 
690 
780 

770 
700 

1090 

1190 
3800 
3480 

2310 
3130 
3460 

1292 
2306 
2400 

SE ±355 ±184 ±248 ±349 ±467 
Trial mean (n=33) 3430 850 1080 3510 3620 
CV (%) 13 26 28 12 16 

1. See Table 10 footnotes I and 2. 
2. Figures in parentheses are days from sowing to harvest. 
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selections from interspecific derivatives were and Arachis species 30011 xA. batizocoi(Table 
grown in replicated trials at ICRISAT Center 30), suggests tn,!, these taxa are distantly related 
and Bhavanisagar, to confirm resistance to rust to the B genon , of section Arachis. In spite of a 
and late leaf spot, and to characterize theiragro- neirly-normal bivalent association, the hybrid
nomic traits. Certain accessions reported to be between A. carh'tnasiiand Arachisspecies 30007 
resistant to foliar diseases and/ or bud necrosis had poor pollen fertility indicating cryptic struc
disease (A. correntina, Arachis species 30007, tural differences between the genomes of these 
Arachis species 30011, and Arachis species two taxa (Table 30). However, on morphologi
30035) were cytogenetically analyzed and used in cal and karyomorphological grounds, Arachis 
the crossing program. species 30007 belongs to section Ercectoi(des. 

The chromosome-pairing behaviour it-, tri-
Cytogenetic Investigations ploid hybrids between A. hvpogaeaand the three 

diploid accessions, Arachisspecies 30069, 30017,
After preliminary karyomorphological analysis and 30011 (Table 31) is comparable to 
(ICRISAT Annual Report 1983, p. 213) new previously-obtained triploid hybrids between A. 
accessions have been hybridized with the two hmogaeta and the A genome diploid species,
known diploid species of section , jrachis,-1. suggesting that the investigated diploid taxa are 
hati:ocoi,(the only representative of the 11 constituted by the A ora closely-related genome.
genome) and A. cardlensii(representative oft lie Crosses between a few old and new accessions 
A genome). The new accessions have also been of section Atrachis and1(1.4. ]t.'/)oa'a have again
hybridized as male parer'ts \ith cu ltivars of .A. been attempted this yealr in order to; obtain tri
hy'pogaea (ICRISAT Annual Report 1983, ploid hybrids, estimate the percentage of iinia
p.2 14). From these crosses, we cytologically ana- ture ovules produced because of inconipatibility
lyzed four diploid and three triploid hybrids, reactions, and deternine the ploidy levels of seed
Near-normal bivalent association and pollen fer- lings obtained by rescuing such underdeveloped 
tility in the F, hybrid between .-I. careenasiiand embryos (Table 32). 
Arachis species 30035 (Table 30) suggests that 
the two taxa are phylogenetically close. A signif- Production of Breeding lines 
icantly lower frequency of bivalent associations 
and higher frequency of univalents in the F, Further backcrossing of backcross derivatives,
hybrids, A4. batizocoi x Arachis species 30017 or advancement by sclfing, resulted in the pro-

Table 30. Chromosome association inF, hybrids between old and new diploid accessions of section Arachis. 

Chromosome association No. of cells Pollen
 
Cross 
 1 II Ill IV analyzed fertility (%) 
A. hatizocoi x 4rachis sp 30017 5.5 6.6 0.3 0.1 25 

SE -0.44 ±0.24 ±0.09 ±0.10 
Arachis sp 30011 , A. batizocoi 5.9 6.9 0 0.1 20 -

SE ±0.55 ±0.29 ±0.05 
A. cardenasiix Arachis sp 30035 0.1 9.9 0 0 24 97 

SE ±0.08 ±0.04 
A. cardenasiix Arachis sp 30007 0.5 9.4 0.1 0.1 25 39-43 

SE ±0.17 ±0.22 ±0.11 ±0.04 
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Table 31. Chromosome association in hybriJs between A. hypogaea (4x) and sonic new diploid accessions of 
A rachis. 

Chromosome association No. of cells Pollen
Cross I iI III IV analyzed fertility (%)
A. hItpogaea x Arachis sp 30069 8.1 9.8 0.5 0.2 14
 

SE 
 ±0.52 ±0.33 ±0.17 ±0. I I 
A. hypogaea x Arachis sp 30017 6.6 8.9 1.3 0.4 24 

SE ±0.39 ±0.43 ±027 ±0. I 
A. I.p7ogaea x Arachis sp 30011 8.4 9.2 0.9 0. I 31 11-30 

SE ±0.5L1 ±0.29 ±0. 18 ±0.05 

duction of 13 more stable, fertile, tctraploid zocoix ,Arachisspecies GK P 10038 wcre sown ininterspecific derivatives. Of these 4 were from the 1982/83 postrainy season for advancement.the triploid-hexa ploid route, 8 from the a mphi- They were classiffcd into groups according toploid route, and I from tihc autotetraploid route. their disease reactions and habit, anrid sown atSixty advanced selecti ins and a large number I('RISAT Center arid Bhavanisagar. Ari effortof segregating selections froni interspecific was made to sCrecnl out undesirable segregates,derivatives involving A. cardenasiiand A. hati- and to attain genotypic and phenotypic unifor-

Table 32. Number of pollinations, percentages of pegs, pod., and seeds developed in crosses between the cultivarsof two subspeciesi of A. hypogaea and wild diploid Arachis species, ICRISAT(Center, rainy season 1984. 

Pegs Pod Pods with Iiniature Mature pods Ovules
Polli- formed set mature seedsCross 	 pods with immature embryo-1nations (%,i;) (7 ) (%) (%) ovules cultured 

A. 	 h7poga(,a ssp fastiata(Spanish)
Arachis sp 30007 131 33 16 3 0.8 12 25Arachis sp 30017 153 33 28 21 0.7 7Arachis sp 30035 	 29

202 37 29 26  3 18'A. correntina 157 47 14 15  9 19A. batizocoi 125 36 30 2 8 2 56Arachis sp GKP 10038LL 162 35 30 10 6 15 64A. cardlenasii 27 22 22 7 4 I1Arachis sp HLK 410 	 6
125 30 25 I1 2 12 36 

A. 	 hyrpogaea ssp hypogaea (Virginia)
Arachis sp 30007 55 49 40 0 - 40 24Arachis sp 30017 55 46 40 31 6 4Arachis sp 30035 	 22

34 44 38 35 - 3 2A. correntina 29 14 4 0 4 - 2A. batizocoi 76 36 26 0  26 31A. chacoense 56 39 18 II 5 2 7Arachis sp GKP 10038LL 44 41 36 2 2 32 29Arachis sp HLK 410 32 38 31 9 - 22 12 
1. One normal ovule did not survive from the cross ICGS 26 x Arachis sp 30035. 



mity. Several controls were used, of which two 
(Robut 33-1 and TMV 2) are local, high-
yielding, released cultivars, two (EC 76446, NC 
Ac 17133 RF) are reportedly-resistant germ-
plasm lines, and one (FDRS 10) a resistant 
breeding line. 

These experiments resulted in the selection of 
28 lines resistant to both late leaf spot and rust, 
with comparable or higher yield than the best 
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controls at both locations, three lines resistant to 
late leaf spot, and with comparable or higher 
yield than the best control, and another three 
lines with resistance to rust, and comparable or 
higher yield t) an the best control(Tables 33-35). 

These lines have expressed either a higher 
degree of resistance or a hypersensitive reaction 
against the two pathogens. For example, lines 
such as CS 9, CS 30, 2408; I, and 850/ I deve-

Table 33. Disease reaction for leaf spot and rust, and pod and haulm yields (kg ha-') of sone of the a'vanced 
selections from A. cardenasii interspecific derivatives sown in 8 x 8 lattice designs. ICRISAT Center and 
Bhavanisagar, rainy season 1984. 

Late leaf score'latelef__:,,__score_______ Rustscrescore' o(dyield (kg h' -) 

Identity ICR ISAT l3havanisagar ICRISAT ICRISAT llhavanisagar 

Lines resistant t,late leaf spot and rust 

CS 9 
CS 30 
CS 22 
CS 62 
CS 31 
CS 33 
CS 26 
CS 36 
CS 25 
803 

Lines resistant 

CS 39 

Lines resistant 

CS 2 
CS 14 
CS 192 

Controls 
EC 76446 (292)3 
NC Ac 17133-RF-I 
Robut 33-14 
TMV 24 

SE 

CV (%) 

2.9 
3.4 
3.8 
3.5 
3.5 
3.7 
3.7 
3.8 
4.7 
5.0 

to late leaf spot 

4.3 

to rust 

8.0 
6.0 
7.8 

6.0 
6.5 
9.0 
9.0 

±0.4 


13.2 

4.8 3.0 5040 1070 
5.0 2.0 4890 940 
5.4 3.0 5010 1240 
4.5 2.0 4470 980 
4.4 2.0 4580 1280 
4.6 1.7 4220 1310 
4.0 2.0 4520 1700 
5.0 1.4 4430 1400 
4.9 2.3 3720 1560 
5.3 3.0 4530 1600 

5.0 6.0 3660 890 

9.0 1.7 3440 440 
7.5 2.3 4490 1070 
8.6 1.7 2720 490 

7.1 2.7 4160 910 
7.4 8.0 4600 760 
8.9 9.0 2690 390 
9.0 9.0 2320 120 

±0.4 ±0.7 ±253 ±161 

9.2 31.2 10.8 28.3 

I. 'lean of field disease scored on a 1-9 scale, where I = no disease and 9 5)-100% foliage destroyed. 
pogaea x (A.hati:ocoi2. 1. h.' .,rachissp GKP 10038) interspecific derivatives. 

Reported foliar disease-resistant germplasm line. 
4. Foliar disease-susceptible high-yielding released cultivars. 

Ilaulm yieldIC SAI
WRISAT 
-
(kg hia ) 

8230 
10060 
8680 
8180 
8631) 
9880 
8600 
8690 
7480 
7150 

6760 

5590 
7200 
4840 

7480 
5680 
3260 
3990 

±522 

12.1 
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Table 34. Disease reaction for late leaf spot and rust, and pod and haulrn yields (kg ha') of some of tilebestselectiolis from A. cardinasii interspecific derivatives segregating for leaf spot resistance, sown in H x 8 latticedesigns, ICRISAT ('enter and Bhavanisagar, rainy season 198,4. 
Late leaf spot score, 

Identity ICR ISAT Ilhavanisagar 

Lines resistant to rust and late leaf spot 
820 4.3 4.3 

2245 
 4.2 4.8 
838 5.0 4.4 

2403 
 3.3 5.6 
886/1 4.1 5.7 
820,/1 3.5 4.6 

2133 
 3.6 5.3 
848 3.8 4.1 
2404/'2 4.1 5.0 
2118/I 4.6 4.7 

L~ines resistant to rust 
888 5.3 6.0 

Controls 
EC 76446(292)2 6.7 8.1 

NC Ac 17133-RF2 6.3 7.1 

Robut 33-1-4 9.0 9.0 

TMV 21 
 8.9 9.0 

SE ±0.4 ±0.3 

CV (r/) 10.8 8.5 

Rust Pod vield (kg ha 11Itaul1yield 

score' 
ICR IS,AI 

. 
1CR ISAT llhavanisagar 

ICRISAT 
(kg hIa-') 

2.7 5020 1670 7780 
1.9 4050 1100 7410 
2.5 4240 1100 7110 
1.6 3600 1150 6150 

2.1 3510 1310 7780 
2.7 4100 1430 6450 
3.9 4710 1160 6300 
2.2 3700 980 8000 
3.6 
5.1 

3980 
3710 

1420 
1200 

t)670 
8150 

2.3 3530 780 8000 

2.5 2310 1060 5930 
6.6 3850 690 5260 
9.0 2440 390 3260 
9.0 1680 230 7110 

±0.6 ±367 ±155 ±1075 

23,4 18.5 25.3 21.5 
1. Mean of field disease scored on a I-9 scale, where I no disease, and 9 = 50-100C; foliage destroyed.2. Reported foliardisease-resistant gerruplasm lines. 
3. Foliar disease-susceptible high-yielding released cuttisars. 

loped a few small late leaf spot lesions with poor
sporulation and no defoliation. Onl the other 
hand, lines such as (S 2, CS 19, 845, 2403,
886/ I, and 888 had very few small nonsporulat-
ing rust pustules. We are attempting to charac-
terize these lines for entry in the All India 
Coordinated Research Project on Oilseeds 
(AICORPO) trials or for release as new germ-
plasm lines. 

Barriers to Hybridization 

Four A. h'pogaea cultivars, Robut 33-1, M K 
374, TMV 2, and M 13 were used as female 

parents in crosses with certain accessions ofsec
tion RIizotatosae,. These crosses wcre incotI
junction with single- or sequential- hormone 
applications. From the pods obtained, ovules 
were cultured on liquid media (Table 36), and 
later the embryos from theti were dissected for 
culture (Table 37). The dissected embrvos often 
proliferated into callus and developed shoots. 
We successfully grafted these small shoots onto 
cultivated groundrnttt seedling stocks. Sotne ofthe cultured ovules allowed preferential growth 
of the enbryos within them, and the consequen
tial emergence and growth ofthe latter out of the 
ovules. 
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Table 35. Disease reaction for late leaf spot and rust, and pod and haulhn yields (kg ha-') of some of the best 
selections from segregating populations of-I. cardentasliderivatives sown in 8 - 8 triple lattice designs. ICRISAT 
Center and Bihavanisagar, rainy season 1984. 

late leaf spot score' RutscorC Pod vield (kg ha I) L1aulm yield
IC'RISAT 

Identity ICRISAT HIhavanisagar ICIISA I ICRISAV lIilraanisajgar (kg ha 1) 

Lines resistant to rust and late leaf spat 

8501I 4.7 5.0 2.0 4990 1420 7310 
2408' I 4.3 5.4 2.7 5230 1220 6410 
856 4.7 5.0 2.7 4640 1270 5460 
821, 1 4.9 5.0 2.7 3280 1340 7340 
965 4.7 5.7 2.0 4580 1220 6470 
2241 4.7 5.7 2.3 3800 940 7360 
799 4.9 5.7 2.3 3990 1090 7190 
845 4.8 5.3 2.3 4740 930 6100 

Lines resistant to late leaf spot 

943 4.4 4.7 7.3 2850 1180 5430 

Controls 
EC 76446 (292)2 6.6 8.2 3.3 4110 700 4110 
NC Ac 17133-R12 7.6 8.2 7.0 
 48110 720 4060
 
FI)RS I0 8.0 8.0 
 4.0 4310 570 6010
 

.Robut 33-I 8.8 9.1) 8.7 3500 360 2140 -
TM V 2' 8.7 8.8 8.7 2500 1610 3.20 

SE ±0.4±0.4 ±0.7 ±322 ±133 ±696 

CV (",i) 12.0 9.0 20.1 14.5 25.7 21.0 

I. Mean of field disease scored on a 1-9 scale, %%here I no disease, and 9 :50-100"I t) liage destroyed.
2. Reported foliar disease-resistant germplasm tines. 
3.Foliar disease-sUsceptible high-yiedtirg released cultivars. 

Table 36. Number of pods harvested, ovules cultured, and responsive ovules fron .-Irachis hypogaea-A rachissp 
10563. 

Cultured ovules 
Pods' Ovules cultured lost due to Responsive

Cultivar harvested in liquid medium contanination ovules 

A. h.|'pogaea 
MK 374 419 449 157 130
 
M 13 52 
 93 18 
 II
 
TMV 2 264 277 
 55 114 
Robut 33-1 14 16 3 5 

I. From various hormone applications. 
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Table 37. Number of embryos dissected from ovules 
precultured on liquid media, and number of respon-
sive embryos (on MS with NAA 0.5 mgl. -I and BAP 
0.5 mgi.-') from ,,lrachi hypogaea - ,rachis sp
10563. 

l+rnlhryos 

Embryos lost due In Embryos
Cultisar cultured contamination growing 
MK 374 147 14 76
 
TM V 2 86 17 
 26
 
Robut 33-1 34 3 
 13 

Pegs obtained from gibbercllin-treated Robut 
33-I <... lu.si/la crosses were ret rca ted \it hi five 
concentrations of indolv acetic acid on different 
daVs after pollination, but pod set as riot
satisfactory. 


Attempts WTlre also Made 
 to Use two acces-
\ions.Irac.hi., species 9797 and -Irahisspecies 
10563 of section ]']hiz/mhaiaut. as lemalc par-
ents. and A... ho'uQmwa c\ NIK 374 as a riale 
parent. Pegs and pods \\Crc recorded wkith or 
without the gibbcrellin applications. lable 38 
shos's that even in these crosses gibberellin 
application prormiotes peg and pod desehopiiert. 
We cultured the resultin,, rinllatur o\ tiles. 

Distribution of Naterial 

The interspecific derivatives are in great 

demand. We havse supplied several lines on 


Table 38. Peg arid pod production in A rae/us 77 
(section Rhizomatosae) - A. 'pogaea cv M K 374. 
Postpollination Pods 
treatment Pollinations Pegs peg-' 
None 43 3 0
Gibberellic acid 
(87.5 Ing L-) 181 33 15.15 

Gibberellic acid 
(44 mg L-1) 27 3 0 

Kinetin (10 nig L-) 27 2 0 
Naphthaleneacetic acid 

(25 mgL-) 28 3 3 

request to three centers in the Peoples' Republic
oF China, and to one center each in Peru and the 
USA. A selection, CS 30. has been supplied to 
AICO)R lPO for use in their rust-rcsistance breed-
Ing program. ICRISAT breeders are also using
several of these lines in Various projects. 

International Cooperation 

Cooperation with AICORPO 

('oordinated Yield Trials 

I('ISA ('enter trials. hrring the 1984 rainV 
season we COndtleed fline yield triaIls, sl)ollsol.ed 
hv' AlC)R I'(). on Allisols at IC'RISAT ('enter. 
lhere N\cre 28 ctrio-S in the Initial Fkaliiation 
Trial forspanish lunch culti\Irs(lll-Sl),arid 
the I('RISAI entiy I (i('( IPRSf I \%as ranked 
Ist. yielding 1823 kg pods ha 1. Coriparcd to the 
national control .11. 24 that yielded 1227 kg ha K 
Iii the I: l i\ irginia hunch culti\ars (Il 1-VII)
futrcultivars. including three l('RISA entries, 
IC( lIRS) 3. I('CiS 66. and ICC.S 5f). outyielded 
all three controls. I('(i 2271. a iiultiple-pest re
sistarit entry, w\as the highct vielder (2384 kg
ha 1) ill the I 1lftr \irgi nia runner cultivaris 
(II+T-IR,). 

ICGS 31 gavse the highest yield in tie Coordi
nated Varietal Trial for spanish bunch cultivars 
(CVT-S B), significantly outyielding the nationalcontrol. .11. 24, but not the local control, Robut 
33-. ICGS 56 gave the highest yield in the V 
for virginia bunch CUltiVia rs (CVT-Vh1), but was 
not significantly better than tile minikit control, 
C 198. ICGS 6 was the lighiest-yielding entry in
the National Elite Trial for virginia bunch cultiv
ars (NFT-V13), significantly outyieldiing the min
ikit control cultivar C 198. In the Foliar l)iseases 
Resistant Varietal Trial (FDRVT) eight ICRI-
SAT lines were the top vielders. ICG(FDRS) I I 
yielded 1823 kg ha- I compared to 868 kg ha-' by
.11 24. and 1487 kg ha-I by Robut 33-1. 

http:sl)ollsol.ed
http:ions.Irac.hi
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Multilocational Trials 	 Postrainy-season trials. iCGS I I performed 
well in it's first year of' mini kit (precelease) test

Rainy-season trials. During the 1983 rainy ing and was retained for a final evaluation in the 
season ICGS lines were tested in the AICOR PO 1983, 84 postrainy season in Zones 3 and 5. It 
trials systems in various ecological zones. Sev- gave yield increases over S I3-N(national Con
eral lines were promoted to the next stage of trol) inl 1982 83 ranuging irom 16to 110('I in Zone 
testing and many new entries wcre submitted f'or 3. In the CVIs in Zone 2 IC( iS 44 was outstand
the 1984 rainy season at the AICORIP) Work- Ing. and along \\ith IC'(S 21. was promoted to 
shop held at Coinihatore in April. The current the National Flitc Trial (NET). ICR ISAT 
status of ICRISA Fllria l in the AIC)R P() entries in the CVT wyere ranked Ist arid 2nd, in 
rainy-season systemi is showi ill aMble 39. 	 Zone 2, 2nd in Zone 3, Ist and 2nd ii lZone 5, and 

Ist. 2nd, and 3rd in Zone 6. In the NET, ICRI-
SAI entries were ranked 3rd in Zone 2, 1st, 2nd, 

Table 39. Current status of I('RISAT entries in anrid 3rd in Zoie 3. 2rid anrd 3rd in Zolne 5, aid I.s 
AICORPO rainy season iones, 1984. anrid 3rd in Zone 6. 

Trial i Iritrv ZoThe hc CurrtCI staluMis (f ICR ISA I's Ilaterial ill 
the AIC')RPO post ra nv-scson testing is

I F-1(V1) ICG(S 54,56 I shown in lahle 40. 
IC'GS 50.54.56 4 
ICGS 50,54 5 
IC(iS 62,63.64,65,66, Distribtition of Breeding Material an(l Trials 

ICGSI1RS 	3 1,2,3,4,5,6 

CVI(V 13)ICGS 18,20t.46,47,49 1We again dispatched brdccilg lines to coopera-

ICGS 49 3 tol's in iiariv countries. )uring the vear we final-
ICGS 18,49 4 i/ed plans and cur ies fr three nwc international 

ICGS 46,47,56 5 trials involving carlv-liaturiing liires, large-
ICG S 46,48 6 seeded confectionerv cultivars. and advanrced 

breedirig lines with resistarice to foliar diselses.iNET(VfB) 	 ICCS 4.5,6 1,5 

IC(IS 4,6 	 4 

1IF.TIS i) 	 ICGS 35-1 1,4.6 
ICGS 44-1 1,2,3,4 
ICG(S 57 4,5 Table 40. Current status of I('RISAT entries in 
ICGS 51 5 AI(CORPO postrainy (rali/sununer) season trials, 
IGSPRS 	1,2. ICGS 67 1,2,3,4.5.6 1983/84. 

CVT(S1) 	 ICGS 2,3 1 Trial Fntryi Zone 
ICGS II 1,2 It(Set 11) lCGPS 8 1,2,3,4,5,6 
ICGS 21 2 ICGS 68 1,2,3,4.5,6 
ICGS 26 4,5 ICGS 71 1,2,3,5 
ICGS 30,35-1 2,5 	 ICGS 75,77 1,2,3,4,5,6 
ICGS 44-1 5,6 ICGS 81 1,2,3,5,6 
ICGS 51 2,3,4 ICGS 82 1,2,3.4,5,6 
ICGS 57 1 

NET(SB) 	 ICGS I I CVT ICGS 21,44 3,4.5,6 

. lET Initial Evaluatioa Trial 	 NET ICGS 21,44 
CVT Coordi nated Varietal Trial
 
NET National Elite Trial Minikit ICGS II 3,5
 
S1 = spanish bunch
 
VB = virginia bunch. 	 I. All postrainy entries are SII (spanish bunch types). 

http:50.54.56
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Regional Program for Southern
 
Africa
 

The ICRISAT Regional Groundnut Improve
ment Program for Southern Africa, based at 
the Chitedze Agricultural Research Station, 
Lilongwe, Malawi was established in 1982 with 
one plant breeder. A pathologist was recruited in 
1984. The program aims to develop high

ield ng breeding lines and populations adapted 
to the region, with resistance to factors limiting 
production by small scale farmers. lirceding f'or 
resistance to the major diseases in the region 
receives top priority. 

Weather at ('hitedze. Rainffall was very similar 
to the 1982 83 season, 683 mm from l)ecember 
1983 to May 1984, but this year the distribution 
was less favorable. Rains were later, and there 
were characteristic dry spells in January, tile 
latter halIf of March, anrid from 4th April onw-
ards. Total rainfall iii April was only 13.1 ini 
compared to 42.5 mm in tle previous season. 

Growing conditions. Soils in the groundnut 
fields wcre sampled in .littne 1983. [hc pil was 
5.5 and available phosphorus wa, low (3.58 
ppm). In tie absence of dolomitic lime, only 
PO 5 at 40 kg ha- and gypsun at 400 kg ha-' 
were applied. Alachlor (L.asso ).applied before 
emergence at 4 I. hat . gave good weed control 
for approximately 30 days. Only tihe hybridiza-
tion block arid F, plants rcceived standard plant 
protection measures to control aphids and leaf 
spots. All trials were sown on 60 cm ridges at arn 
in-row spacing of 10 cm. 

Diseases and Pests 

Fungal Diseases 

Disease development was similar in the 1983/84 
and 1982. 83 seasons. Early leaf spot appeared 2 
weeks after emergence and rapidly assumed epi-
demic proportions. The incidence of rust an i 
late leaf spot was low and they only appeared 
later, when early leaf' spot had already caused 
heavy defoliation. 

1,\',rI 

Groundnuti plants devastated 1)y early leaf spot (Cer
cospora arachidicola) infection, Bvulhwe, Malawi, 
1983/84. 

Early leaf spot (Cercosporaarachidicola). Us
ing the trap plants from our rosette study (see 
Virus )iseases) we found that spore levels were 
low to very low until 20 February, some 40 days 
after field emergence of the crop. After a rela
tively small increase in lesions on exposed plants 
there was a sudden and dramatic increase fol
lowing a period of rain. A peak was reached 
between 2-6 March. There followed an equally 
dramatic decline, possibly fol lowing massive 
def oliation of tie field-grown crop. Iis moni
toring could lead to a,more rational approach to 
fungicide application. 

Late leaf spot (Cerco.sporidium personaiwn)
and rust (Puccinia arachidis). These diseases 
were first recorded in early March at very low 
levels. Late leaf spot levels remaineA low 
throughout the season but rust reached higher 
levels, 36 pustules plant 1, during exposure 
between 19-24 April. The late build-up of rust, as 
the plants near maturity, confirms the general 
view that rust is not a probler on the Lilong-ve 
P'a in. 
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Virus Diseases ease incidence during the growing season to bet
ter understand features of natural occurrence. 

Rosette cultures. Typical chlorotic rosette was Three contiguous plots, each measuring 200 x85 
collected from the field and a culture was estab- in with their long axes aligned east-west, were 
lished in the greenhouse on the cultivar Span- subdivided into 6 x 6 m plots to give some 400 
cross. An efficient culture of the vector, .phis plots block-'. Sowing took place in the middle of 
craccivora, was also established and similarly l)ecember and plants emerged from 28-31 
maintained. A culture of non-viruliferous aphids )ecember. Rosette was first recorded on 18 Jan
was derived and maintained in isolation. We Uia'i and observations indicated only 12 primary
obtained a series of standard virus-indicator infections, representing 10 primary foci. The 
plants through official plant quarantinc clia n- primary foci were scattered and appeared to be 
nels. Germination was generally good but Vico- at random. Overall incidence of rosette was 
tian1a ht',thamitma and ( u'lllmipdirmalar- about 1% in 1983/84. The ican rosette ihnci
anticohr, diagnostic test-plant hosts of rosette, dence for plots containing a primary incidence 
proved difficult to maintain satisfactorily, prob- was 38.Y3', for adjacent plots 6.3. and for outer 
ably due to high greenhouse temperatures. plots 0.4%. )isease gradients associated with 
Efforts are being made to overcome these primary foci were therefore exceptilonallv steep, 
problems. falling off by a mean factor of about 6 within a 

radius of 6 ii of that source, and by a mean 
Disease monitoring. We assessed the feasibil- factor of about 100 within tradius of 9 in from 
ity of using bait or trap plants to monitor disease the source. 
presence, development, and intensity through
out the growing season. Ten 21-day old Seasonal origins. We started to study wildgreenhoulse-grown Spanicross seedlIinigs werepanrosgree It us-grwn scdligs ere hosts of A,.cralccivora'tl s possible recservoirs of
exposed in the field every 3 to 5 days between 30 ho s . Fi v Ora p il hose s d if.Jaiiu rya i~l251uic198. Ntimhes o '1~thle virus. Hiye iimportanlt aphid hosts anrd iineJa nu a r y an d 25 ,h un e 19 84. N u m b e r s o f.,. rac -oA c' i t e sp c s , : 1 h r a ou or w dv e ba 
vora alates, apterac, and nyriplis were recordedat the end of each exposure period, thle plants cospatwr hw oceotiS plants, were ob ot ftlshown noit to be hosts of' thewere then sprayed with insecticide and returned virus. The search has now shifted to tree species. 
to the greenhouse. They were subsequ(ent ly 

A regional program has been initiated to studyscored for rosette and PM V. the ecology of the vector and virlus. Two sitesApordforoswee coniondAphids were consistently found onli ttihe have been chosen to study in detail tile effects of 
exposed plants t Iiroughout February 11( of local surface wi rds andand direction and speed
March, but the numbers then declined sharply upper-level air flows onivector migrations.March, Another cooperativec prograii will study tie role 
and infestation became sporadic. The highest 
numbers vere recorded from 30 January to 16 Of ground nut volriteer plants surviving the dry 
February. Two minor peaks Occurred froni 12 to season in rosette carry-over. No volunteer plants 
29 M arch, and 24 April to were found ina limited survey carried out inthe7 M ay. T he latter s u h r e i n o a a i 
period probably coincided with emigration from 
the mature groundnut crop to other hosts. 

Peznut mottle virus (PMV). Infections on trap
Analysis of seasonal epidemics. Although plants took place between 13 February and 15 
rosette is important throughou, the region, dev- March. The overall incidence on trap plants was 
astating epidemics are sporadic. We cannot 8%, higher than oi the standing field crop. This 
therefore rely on natural incidence for annual is possibly because young trap plants are more 
screening. Late sowing enhances incidence, but susceptible to the virus, more attractive to the 
not sufficiently in years when infection levels are vector, or merely express symptoms more read
very low. We therefore carefully monitored dis- ily than older plants. 
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Insect Pests 

Hilda patruelis. Hilda is a polyphagous suck-
ing bug associated with ! severe wilt in ground-
nut. The pest is present throughout the region
and although the incidence of wilt is generally 
low, there are areas where devastating local 
damage occurs. It has been assumed that Futsa-
rium spp enter feeding punctures and cause the 
wilting symptom. We made laboratory tests on 
the effects of tilda feeding on germinating seed-
lings, grown in petri-dishes. Four to six insects 
were introduced into the dishes when the radicles 
were 4-5 cm long. After 5 days, control seedlings 
were growing normally but plants fed on by 
ltilda showed a dra matic and massive collapse 
of tissue 1-2 cm below the hypocotyl. Existing 
lateral roots were discolored and many col-
lapsed. Growth of new lateral roots was i1nhi-
bited. The tests w\'ere repeated with the same 
results. Further studies are in progress. 

Plant Improvement 

Germplasm Accessions 

We recieved 108 new introductions, mostly off 
South American origin from ICR ISAT Center,
and we evaluated them, together with 162 
previously-introduced lines, in non-replicated 
plots with repeated controls ofsix standard cul-
tivars from the region, Mani Pintar, Egret, RG 
1, SAC 58, Chalimbana, and Sparicross; and 
three cultivars from India, .1 I1, JI. 24, and 
Robut 33-1. Of tie 270 entries, 70 yielded more 
than the highest-yielding control. Of these 70, 38 
were virginia types, and 32 vere early-riaturing 
spanish and valencia types. Many entries had a 
100-seed mass greater than 50 g, and if they 
maintain their performance, will have ready 
acceptability, particularly for confectionery pur-
poses. We rated entries visually for early leaf 
spot, but they were all heavily defoliated before 
harvest. We evaluated morphological traits, 
assigned ICRISATGroundnut Malawi(ICGM) 
numbers to entries, and entered them in the 
germplasm register. 

Fifty-one grrmplasm lines and elite parents, 

selected on their 1982/83 performance, were 
evaluated with stand-rd controls. Five spanish
entries, ICG M 286, 281, 284, 177, and 197 signif
icantly outyielded Sellie, the highest-yielding 
spanish cultivar. Their yields, however, were not 
significantly different from that of the highest
yielding virginia control cultivar, Egret. The vir
ginia cultivars ICGM 285 and ICGM 336 
significantly outyielded Mani Pintar, a recom
mended virginia cultivar in Malawi. ICGM 336, 
177, and 197 had also yielded well in the 1982/83 
trial. 

Under Chitedzc conditions the cultivar Chico, 
used extensively at ICR ISAT Center as a very 
early-maturing parent, took 5-7 days longer to 
mature than other spanish types. 

For the 1984/85 season, new cultivars and 21 
wild Arachis species will be evaluated. ICGM 
lines and 54 pest- and disease-resistant lines are 
being multiplied for seed increase. We sowed a 
53-entry repficated preliminary, and a 24-entry 
advanced germplasn evaluation trial. An elite
germplasn trial, consisting of the best 24 entries 
from the adva need trial and 12 control cultivars, 
was also planted. 

lybridization 

Ninety-six crosses, involving indigenous and
 
exotic cultivars, were attempted in two different
 
sets in the field. Parents included rosette
resistant cultivars RG I, RMP 93, and RRI 6; 
foliar disease-resistant selections ICGMS27and 
28; and a larger-seeded cultivar, E879/6/4. The 
low crossing success rate of 8.4% was attributed 
to tie dry weather and plant deaths follo :ng
attack by Ilda lpatruelis. Effective rainfall 
ceased in the middle of March and led to the 
failure of pod development in many of the hy
brid pegs. Access to an irrigation facility would 
have considerably improved the situation.
 

An average crossing success rate of 24% 
 was 
achieved in agreenhouse crossing program when 
a 6 , 6 diallel was attempted using rosette
resistant lines and high-yielding susceptible 
entries. Seeds cross-' ranged from 3 to 69. 

In the 1984/85 season we will attempt 132 
crosses in the field, and 76 in the greenhouse. 
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Breeding for Disease Resistance Rust- and late leaf spot-resistant populations 
were only evaluated for yield at Chitedze 

Foliar fungal diseases. Breeding populations because of low disease pressure. 
were screened visually under heavy natural levels Twenty Phnmia arachidicola-resistant breed
of inoculum without infector rows or specific ing lines were obtained from Zimbabwe where 
sowing arrangements, for their reactions to early the disease is serious. As 1'. arachidicola is not a 
leaf spot. serious problem at Chitedze, the entries were 

All populations were rated as susceptible to only subjected to heavy natural early leaf spot 
early leaf spot but four interspecific derivatives, pressure. The lines were vigorous, and took 140 
CG St. 17 B 24/I, CG St. 17 B 24/3, CS 15, and to 157 days to mature. They were also tall and 
CS 19 retained significantly more leaves than some had lodged at harvest. However, foliage 
other entries. Selections w%ere therefore made for retention was good compared to other material 
high yield and superior pod characteristics under and 5 single-plant selections and 15 bulk selec
high disease pressure. Fron the 226 populations tions were nade front 14 of the lines. The 
screened. we made 91 single-plant and 181 bulk remaining 6 lines were rejected because of poor 
selections. Most of the selections were spanish yield. The line 1184 6, 20 was outstanding, one 
types. single-plant selection had 99 pods. 

Table 41. Yields (kg ha-') of spanish bunch type cultivars, ICRISAT Southern African Cooperative Regional 
Yield Trial, 1983/84. 

Pod yield (kg ha 1) 

Malawi Moiamhique Zambia Zimbabwe 

Pedigree Chitedzc Luperube Sabic, Msckera Magoye Gwebi Mean 

ICGMS 5 1660 1540 1180 2240 1710 3290 2096 
ICGMS 6 1800 1140 1330 1630 1360 3290 1840 
ICGMS II 1380 1850 1310 2100 1920 3510 2150 
ICGMS 12 1440 1660 1180 1880 1500 2960 1890 
ICGMS 13 1350 1400 1410 1780 1710 3320 1910 
ICGMS 14 1280 1800 1340 1690 1830 2860 1890 
ICGMS 21 1560 1410 1170 1860 2110 2360 1860
 
ICGMS 23 1760 1190 1220 2010 1210 2820 1800 
ICGMS 28 1550 1230 1280 1960 1350 3270 1870
 
ICGMS 31 1800 1420 1740 1670 1070 4110 2010
 
ICGMS 33 1730 1610 1180 1840 1860 3120 2030
 

Controls 
Malimba 1460 1540 - - - - -
Spancross 1380 1440 -

Starr - - 1050 - --
Comet - 1830 1830 - -
Plover - - 2690 -
Valencia R2 - - - 4010 -

SE ±88 ±113 ±114 ±223 ±159 -

Trial mean (n=36) - 1500 1360 - 1850 1560 2580 

CV (%) 12 17 - 12 28 12 -

I. Not analyzed or included in overall mean. 
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Aspergillusfiavus. Fourteen F,and F, popula-
tions, involving the resistant parents 11337409 
and PI 337394 F, were obtained from ICRISAT 
Center in 1982, and advanced by single-pod des-
cent, without any selection, for sowing in
1983/84. Four single-plant and 12 bulk selec-
tions were made on yield attributes in IIof the
populations, and 3 pC,'pulations were discarded. 

Virus diseases: rosette. Forty-eight individual 
pla ts and bulks from the interspecific material 
not aficcted by rosette last season were progeny
rowed in 1983 84. ll irty-eight ',lections proved 
to be susceptible aid fron t ie others, weselected 
five apparently disease-free and high-yielding 
individual plants, and five bulks. Filfty-two F,plants froin crosses of resistant and susceptible 
parents were grown under protected conditions 

as rosette resistance is a recessive character. Two 
F1 swere rejected as sells and the remainder were 
harvested and will be grown in the 19,4/85 
season. 

Breeding for lligh Yield and Quality 

Breeding material. We grew 47 Fs with their 
parents in the ficld, assessed 550 F,to [I populations, and discarded 270. From the remainder, 
we made 153 single-plant selections arid 359 new 
bulks on visual characters. Seven spanish, and 
one virginia selection, with sufficient seed, were 
earmarked for inclusion in the 1984,85 yield 
trials. 

Yield trials. We sowed seven replicated yield
trials including an F, yield trial, an F, line 

Table 42. Pod yields (kg ha -') of virginia In'qch-type eultivars, ICR ISAT South[ern African Cooperative Regional
Yield Trial, 1983/84. 

Malawi 

Pedigree Chitedze Meru 
ICGMS 35 1660 1690 
ICGMS 38 1370 2250 
ICGMS 39 1690 2040 
ICGMS 40 1360 1590 
ICGMS 42 
lCGMS 43 

2650 
1790 

2490 
2340 

ICGMS 45 1620 3330 
ICGMS 47 1730 2350 

Controls 
Mani Pintar 2380 2490 
RRI/I 1720 2170 
57-422 -
RMPI2 -
Makulu Red 
Chalimbana 

Egret 
SE ±90 ±197 

Trial mean (n=36) 1630 2200 

CV (%) II 18 

I.Not analyzed or included inoverall mean. 

Pod yield (kg ha

Mo/amnbique Zambia Zi inha bwe 

Nanialo' Msekera Golden
Valley 

-
Gwehi Meain 

560 
880 

2110 
1700 

1370 
1160 

2060 
2340 

1780 
1770 

520 2020 1230 1860 1770 
740 
630 
590 

950 
1800 
1260 

1220 
1380 
1660 

2500 
3560 
3270 

1820 
2520 
2170 

590 2250 840 3320 2270 
410 2300 1040 2850 1480 

-

-

610 -
570 -

- 2260 1030 2790 -
- 2300 530 -

- 3090 -

- ±131 ±132 ±104 -

- 1930 1140 2420 -

- 13 23 8 -
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tester trial, an F4-F 6 early-generation yield trial, from Ethiopia and Kcn~a. Among the Malawi 
and an ICGS trial containing new entries. We delegates were three USAI D scietists, and three 
also repeated three trials from the 1982/83 representatives from Bunda College of Agricul
season. ture, University of Malawi, as wcil os those from 

the Ministry of Agriculture. Papers covering the 
Regional Trials ICRISAT regional and center programs were 

presented, and each country reported on various 
After initial evaluation and selection in 1982/83, aspects of groundnut production including 
and seed increase during the dry season under breeding, seed production, agronomy, and dis
irrigation at Makanga, 34 spanish populations ease problems. Special papers were presented on 
and 14 virginia populations were assigned breeding methodology, training, survey metho-
ICG MS numbers and selected for regional trials. dologies, and economic aspects of crop produc-
For each trial there were two locations each il tion. A plenary session recommended future 
Malawi and Zanbia, and one each in Mozani- resea rch priorities. Proceedings are in press and 
bique and Zimba bwe. The trials inlMo/anibique will be available from Information Services, 
vere not analyzed due to highly variable erner- ICRI SAT. 

gence of both entries and controls. Results for 
some of the cultivars are shown in the Tables 41 International Group Discussion Meeting on 
and 42. Groundnut Rust Disease 

In the 1984/85 season, new trials have been 
located at two sites in Tanzania, Naliendele and Part icipa tits front 10 countries met with ICRI-
Morogoro, and at Gaborone in Botswana. Only SAT scientists, 24-28 September, to discuss all 
spanish cultivars will be tested in Botswana as it aspects of grourinut rust, which has become a 
is a low-rainfall area. serious disease in niany parts of the world during 

the last decade. Papers were presented on taxon-
Seed Supply omy. epiderniology, sources ald iechaiisrms of 

resistance, and breeding procedures that utilize 
Apart from seed supplied to breeders for both cultivars and wild species. Other aspects 
regional trials, advanced breeding lines and discussed were plant quarantine, and the possi
segregating populations were supplied to Egypt, ble existence of races of the pathogen. The pres-
Gabon, Malawi, Mozambique, Swaziland, Zani- ent status of rust ii tlic Americas, Australia, 
bia, and Zimbabwe. Burkina Faso, India, Nigeria, the Peoples' 

Republic of China, southern Africa, and Thai
land was discussed. Proceedings are in press and 

Workshops, Conferences, wvill be available from Information Servies, 
and Seminars ICR ISAT. 

Regional Workshop on Groundnut Research Looking Ahead 
and Improvement in Southern Africa 

Diseases. Research on early leaf spot will be 
This meeting took place iii Lilongwe, Malawi, intensified, both at ICR ISAT Center and at tie 
26-29 March. There were 46 participants repres- ICRISAT Regional Program for Southern 
enting various institutions in six countries of the Africa. Iri particular, vild species and their 
region: Botswana, Malawi, Mozambique, Tan- derivatives will be screened in Malawi, together 
zania, Zambia, and Ziribabwe. II)RC vho fund with further collections of cultivated gerriplasri 
the Regional Groundnut Improvement Program reported to be resistant to early leaf spot in other 
for Southern Africa were represented by staff countries. 
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More emphasis ,vill be placed on epidemiolog-
ical studies of the foliar fungal diseases in coop-
eration with national and regional programs,
Cooperative research with ICRISAT Farming 
Systems scientists on the effects of discascs inintercropping situations will be strengthened. 

Research on pod rots and the aflaloxin prob-
lem will receive higher priority. In particular we 
\will trv to Combine bv breceding, dried-seed re-
sistance to invasion iv A. /f7.1,t1 and low afia
toxini production levels, as these characters nave 
nlot SO fir been) 'ould to OCCur togcthl'r ill a 
single ciiltivir. 

Insect pests. D)ccopncnt of multiple-pcst 
resistance will reinaiI a major objecti\e, ;)ut
greater emphasis will be placed on integrated 
control methods, particulairly W\here resistances 
are riot av ,iliblc. [pidclniological studies on 
rosette, and rescarch oil Vector movements and 
o\er\wi1tering, w\'ill rcCivc g eater attention in 
Mlawi and in1coopcraiio[ with Peanut CRSIP 
in West Africa. 

Limited sttidies on storaoc pests will continue 
aridm1lethods for termite coMtrol \ itlhotil the use 
of inseticide will hopcf'ully be iniple'mented iin 
cooperation with the lropicai I)c\cloplient and
Research Institte (Il)RI) and AI('O)R IC(). 

Drought, nutrient stress, and ptholoperi(d. We 
have now standaird i/ed our d rough t-S,:rcninfg 
tct',niqLlCS ind WC W\'ill tr\' to i(clntilf\' sourceS 0f' 
resistance or tolerance to drtouight that could be 
lused in breeding programlls. Cooperative sttdies 
on the interactions of' high tempertures anid 
drought on pod in\asion by soil fitngi w\'ill be
 
c.,ried out by physiologists and pathologist.. 


Research will continue oin Rhi:o/j'r illOCtl
lation, inoculum quality, arid physiological flc-

tors influencing nitrogen xixation. The role of' 

mycorrhi/ae and the interactiotis ofaiiycorrhi/ae 
and rhi/obia ws'ill be initiated. lIhe possible
effects of photoperiod or. cultiv' adaptatiolln ill 
different latitudes w\'ill continue to receive high
priority. 

Plant improvement. Brceding for resistancc to 
stress factors vill continue, as wrill adaptive 

breeding for particular traits. In conjunction
with ou r biochem ists we will put more emphasis 
on quality factors o" colfectioncry ground nuts 
and the keeping quality of' oil in cultivars bred 
for crushing. 

New international nurseries will be initiated 
and more emphasis will be given to :Clccting
early-maturing cultivars for rice-based cropping 
systems in Southeast /\sia. 

Wild Species. \Ve will coi"Lle to screenl wild 
species for useful tralts and incorporate them 
into desirable agronomic backgrounds by con
ventional and iinicon'entionail techniqlues. Moreba ': studies will be nceded oil ne%* accessions 
and we \ill continue our ell'orts to exploit spe
cics from compatible iections of the genus. 
Attention still needs to h.e paid to the production
offhaploids.to svstenrs that control clromosome 
paiiring aint recoilbillation. alld to developing
aneuploids to facilitate gene transfcrand genetic 
analysey. 
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Farming Systems Research aims to develop 
improved management systems that make better 
use of the farmer's natural resources than his 
traditional systems. In earlier years, we focused 
our attention on deep Vertisols (black clay soils) 
in the more assured-rainfall areas of the Indian 
semi-arid tropics (SAT). This research led to the 
development of a double-cropping system that 
has the potential to increase productivity 
several-fold over farmers' traditional single-crop 
systems. Double-cropping also substantially 
reduces erosion. Currently, in conjunction with 
national programs, we are placing emphasis on 
the testing and adaptation of variants of this 
system in India, and we are also looking for 
situations across the SAT where we can recom-
mend application of the main concepts. 

Our component research is increasingly 
directed towards soils with less-assured moisture 
regimes. These include deep Vertisols in lower-
rainfall areas, shallower black clay (Vertic) soils, 
and the lighter-textured Alfisols and Entisols. 

In 1983, we formalized this change in our 
research direction in two ways. Firstly, we 
initiated a more intensive research program on 
soil and water conservation. Secondly, we iden
tified the priority areas for farming systems 
research at the ICRISAT Sahelian Center (ISC) 
in Niger, where sandy soils and low rainfall 
create a much harsher environment than that at 
ICRISAT Center. Emphasis in West Africa at 
this stage is placed on interdisciplinary research 
including animals and agroforestry, two areas 
not previously studied by ICRISAT. Although 
our major long-term agroforestry research will 
be in Africa, the short-term program that we 
have started at ICRISAT Center will be partic-
ularly useful because of its evaluation of meth-
odological approaches, especially for assessing 
the interactions between perennial tree species 
and annual crops. 

In addition! to thes ne,vci activities, we are 
maintaining ongoing disciplinary research with 

emphasis on improved cropping systems, char
acterization of moisture regimes, optimum use 
of water and fertilizers, and maintenance of soil 
fertility. 

On-Station Component 

Research 

Agroclimatological Studies 

I his year at ICRISAT Center the season started 
with rains that occurred in the 2nd week ofJune. 
Afterwards, water recharging of Vertisols and 
Alfisols continued, except for a short dry spell 
that occurred from tile last week of June to early 
July. With later rains, the Alfisol profile was fully 
charged by the middle of July, and the Vertisol 
profile by early August. This was followed by two 
further dry spells resulting in nearly complete 
removal of available soil water in Alfisols in Sep
tember and October. The crops suffered more 
severely in Alfisols than in Vertisols. After the 
second week of October, the available water in 
Alfisols and Vertisols gradually declined. 

Pearl Millet Response to Sowing Geometry 

We studied the growth of pearl millet under 
three sowing geometries on an Alfisol in the 1982 
and 1983 rainy seasons. Two pearl millet geno
types, BJ 104 and ICH 226, were sown on 20 
June in 1982, and 29 .lune in 1983. We imposed 
three leveis of rectangularity of the inter- and 
intra-row spacings of a fixed population of 
100000 plants ha-'. These spacings were 37.5 x 
26.6 cm (S,), 75.0 , 13.3 cm (S,), and 150.0 x6.6 
cm (S3). We used a randomized block design 
with three replications, and applied N at 28 and 
P at 12 kg ha- at sowing, and an additional 28 kg 
N ha-' (as urea) 22 days after emergence (DAE). 
We measured growth and yield components in 
both years, and light interception in 1982. Total 
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rainfall during the crop-growth period was 376 
mm in 1982 and 835 mm in 1983. 

Leaf area index (LAI). ICH 226 had a higher 
LAI than 3.1 104 throughout the rainy season in 
1982 (Fig. I). LAI increased rapidIh from 21 to 
42 DAE in a!l treatments. Maximum LAI was 
generally lower in the S., treatment. Contribu-tion to LAI by tillers was unaffected by sowing
geometry. 

Light interception and light-use efficiency. 
The S, sowing geometry intercepted least light 
betweenr about 30-60 D)AE, and light intercep-tion b)' ICH 226 canopies tended to be higher 
than I3l 104 between about 45-60 L)AE (Fig.2).
We attribute both effects to the LAI (Fig. I). The 
extinction coefficient (K) for both cultivars was 
similar, but K values were -0.63 for S1, -0.57 for 
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Figure 1. Leaf area indices of two pearl millet geno-
types grown at three sowing geometries on an Alfisol,
ICRISAT Center, rainy season 1982. 
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active radiation by two pearl millet genotypes grown
at three sowing geometries on an Alfisol, ICRISAT 
Center, rainy season 1982. 

S, and -0.36 for S. The dry matter produced 
M.1-1 of photosynthetically active iadiation 
(PAR) intercepted was calculated on a seasonal 
basis (Table I): 13. 104 produced approximately 
2.09, and IClt 226 produced 2.29 g M.1-1. 

Yield. The most rectangular pla nt spacing con
sistently reduced grain and total dry-matter 
(TDM) yield (Table 2), but did not affect the 
partitioning of' TDM into grain as shown byharvest index. In 1982, but not 1983, there was a 
significant interaction (P 0.01) between the 
effect of genotype and sowing geometry on grainyield: B.1 104 yielded less than ICH 226 at the S3 
geometry, but not at the S, or S, geometries. 
ICH 226 had a greater 1000-grain mass than 13.1 
104. Grain yields averaged 2270 kg ha-' in 1982 
and 1820 kg ha-' in 1983. We attribute the lower 



yield in 1983 to lower solar radiation and exces-
sive rainfall during the crop-growth period. 

Water use and water-use efficiency. Sowing 
geometry did not affect water use by pearl millet 
in 1982, but ICH 226 used more water than BJ 
104 and its water-use efficiency (WU E) for total 
dry matter (TDM) was lower(Table 3). For both 
genotypes, caused a lower WUE for bothS3 

grain and TL)M yield than S, and S,. In an 
interaction between genotype and sowing 
geometry, ICH 226 at the S, sowing geometry 
gave the highest WUE(191 kg ha-' cnn-); for BlJ 

Table 1. Efficiency of conversion of photo-
synthetically-active radiation into total dry matter 
(TDM) by two pearl millet genotypes grown at three 
sowing geometries on an Alfisol, ICRISAT Center,
rainy season 1982. 

Conversion 
Sowing efficiency

Cultivar geometry' (g MJ-1) SE 

BJ 104 	 S, 2.0 ±0.13 


S, 1.9 ±0.07 
S3 2.1 ±0.16 

ICH 226 	 S, 2.2 ±0.1R) 
S, 2.1 ±0.08 
S. 2.3 ±0.17 

1. Sowing geometries: : 37.5 26.6cm' S, =75.0 x 13.3cm; S, = 150 , 6.6 cm. 
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104, the S, sowing geometry gave the highest 
WUE (165 kg ha-' cm-). 

We conclude that conversion efficiency of 
intercepted radiation into TDM is conservative 
for the two genotypes and various sowing 
geometries. Incontrast, sowing geometry signifi
cantlv affected total light interception and 
extinction coefficient. Different geometries did 
not change the crop's water use, but did affect 
the WUE. 

Pearl Millet Resonse to Water Deficit 

We started an experiment on an Alfisol during 

Table 3. Water use (WU) and water-use efficiency 
(WIUE) of two pearl millet genotypes grown at three 
sowing geometries, Alfisol, ICRISAT Center, rainy 
season 1982. 

Water Water-use efficiency 

Cultivar 

SIer 
Sowing

geometry' 
use 

(cm) 

(kg h cn') 

Grain l)ry matter 

BJ 104 S, 36.4 69 165 
S, 36.2 64 154 
S3 36.5 52 136 

ICH 226 S, 38.3 61 165 
S, 37.7 65 191 
S, 37.8 56 155 

SE ±0.6 ±2 ±5 
I. See Table I footnote I. 

Table 2. Grain yield, TDM, harvest index, and 1000-grain mass of two pearl millet cultivars grown at three sowing 
geometries on an Alfisol, ICRISAT Center, rainy seasons 1982 and 1983. 

Grain yield TDM Harvest 1000-grain 
Sowing (kg ha- ) (kg ha-') index (%) mass (g) 

Cultivar geometry' 1982 

BJ 104 S, 2490 
S2 2320 
S3 1900 

ICH 226 S, 2350 
S, 2440 
S3 2120 

SE ±69 

I. Sowing geometries: S, = 37.5 x 26.6 cm; S, 

1983 1982 

1950 
1890 
1730 

5990 
5570 
4970 

1820 

1850 
1660 

6310 

7220 
5870 

±101 ±164 

= 75.0 x 13.3 cm; S3 

1983 1982 	 1983 1982 1983 

4900 41.6 	 39.8 6.4 6.0 
4860 41.7 39.2 6.1 5.9
 
4220 38.2 40.9 6.2 6.7
 

4860 37.2 	 37.5 6.9 7.1
 
4870 33.8 	 38.2 7.0 6.9 
4260 36.0 38.9 6.3 6.6
 

±363 ±1.20 ±1.98 ±0.30 ±0.24
 

= 150 x 66 cm. 
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summer 1983 to study the effect on pearl millet 
of drought stress imposed at different phenologi-
cal stages. The experiment was arranged in a 
split-plot design with 3 replications. Five stress 
treatments formed the main plots and the two 
cultivars (13.) 104 and IC H412) thesubplots. The 
treatments were: 

M,: adequate moisture supply throughout 
the growing season;


NI,: drought stress 
during growth stage I 
(GS,), i.e., from emergence to panicle 
initiation; 

M,: stress during (S,, i.e., from panicle 
initiation to anthesis; 

M,: stress during GS3, i.e., from anthesis to 
physiological maturity- and 

M,: stress front later part of CS, to end of 
GS3. 


Seed was sown on 27 January, aid plant growth 
and development, dry-matter partitioning, 
water use, and WI,E were measured, 

Total dry matter. Table 4 sho's the contribu
tion to TDM by main c.ulms and tillers ofthe two 
cultivars. Main culns contributed more than 
tillers to TDM of ICH 412 in most treatments, 
and tillers contributed more in 13.1 104 in all 
treatments. ICH 412 produced more (P .<,0.05) 

TDM (main culm +tillers) than B.1 104 in 2 of the 
5 treatments. Drought during GS,delayed flow
ering in ICH 412, thus the crop experiencci a 
longer period of stress in I,. Ti)M of ICHI 412 
for this treatment (M.) was 48(.j lower than that 
for the M, treatment; however, the reduction in 
TDM for 13.1 104 was only 140i,. TI)M yields 
were reduced most by treatment M, for 13J 104,
and by M 4 for ICII 412. 

Grain yield. The grain yield (main culmns + 
tillers) of B.1104 was greater than that of ICH 
412 (Table 5) for all except the M, treatment. 
Tillers provided most of the grain yield of 13. 
104, again except the M treatment. Main culms 
usually provided most of the grain for ICH 412. 
In 13.1104, tillers contributed most (75(',) to grain
yield in M, restlting in a total grain yield of 2750 
kg ha- ; M, and M, gave similar yields. )rought 
stress during (iS,reduced grain yield of the maincuin by over "4().' in both ctltivars, but 
increased that from the tillers bv 27'i in 13.104 
and 125% in ICE] 412. Drought stress during the 
grain filling period (M,)reduced otal grain yield
by 73%', in 13.1 104 and 68'j in ICII 412. 

Water use and water-utse efficiency. ICH 412 
used more water than 13. 104 in the M, and MI 
treatments (Table 6). 13i 104 used similar 
amounts of water in M, NM,, and M4. Both 
cultivars used least water in M,.Water use by 

Table 4. Effect of five drought-stress treatments on TDM (kg ha-i) of two pearl millet cultivars, Alfisol, ICR ISAT
Center, summer 1983. 

TDM (kg ha-1)Drought-
 Main culms 
 Tillers 
 Main culms + "Fillers 
stress _____________________
 
treatment 
 BJ 104 
 ICH 412 BJ 104 
 ICH 412 BJ 104 ICH 412
 
M 0 2890 5970 4530 
 2840 7430 8810
M, 2900 5870 
 5010 4090 
 7910 9960
M
 1950 2000 
 4850 3150 
 6800 5150
 
M, 1670 3960 2150 
 2150 3830 
 6110
 
M4 2110 1670 42C0 1260 6310 2930
SED 
 ±297 
 ±436 
 ±560
SED2 
 ±344 
 ±478 
 ±666
 
I.Standard error of the difference between two treatment means for the same cultivar.
2.Standard error of the difference between two cutivar means at the same levelof moisttrc.
 

2  
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Table 5. Effect of five drought-stress treatments on grain yield (kg ha-') of two pearl millet cultivars, Alfisol, 
ICRISAT Center, summer 1983. 

Grain yield (kg ha- 1) 

Main culnis Tillers Main culms + Tillers 

Treatment 13J 104 ICH 412 B.I 104 ICI 412 1i 104 ICH 412 

M0 1230 1410 1610 400 2840 1810 
M, 1030 1470 1810 750 2840 2210 
M, 690 840 2050 900 2750 1740 
M 410 480 350 110 770 590 
M4 1030 540 1530 0 2560 540 

SED I ±132 ±149 ±223 
SED 2 ±151 ±172 ±254 

1. Standard error of the difference between two treatmenrt means for the same cultikar. 
2. Standard error of the difference between two coltivar means at the same level of moisture. 

both cultivars under M, and M 4 exceeded the 
amount of irrigation water applied. 

BJ 104 was more efficient in its use of water for 

grain yield than ICH 4 12, for miost of the treat-
ments, as shown by the higher WUE for grain 
yield. For both cultiva rs, M gave the greatest 
WLIJE for grain yield. M, of 13I 104, and Marnd 
M, of ICHI 4 12, caused the lowest WU F for grain 
yield. For 13.1104, the treatments caused similar 
effects on the TI)M and grain yield W UEs. 
However, for ICH 412, M, gave a WU E for 

TDM that was similar to the highest WUEs for 
TDVM (similar to 4). These results show that 
grain filling (CS ,) is the growth stage most sensi

tive toadrought stress; water applied at this stage 
is most efficiently used. l1flus, under limited
water conditions, irrigation water could he witi
held at CSI a(] GS,, for applica tiot later in (S,. 
1.1 104 uses water more efficiently than ICI1 4 12. 
for both grain and l) M yield, d tte to the greater 
contribution of its tillers to the grain yield tinder 
both stressed and nonstressed conditions. 

Table 6. Effect of five drought-stress treatments on WU and WUE for grain yield and TI)M production by two 
pearl millet cultivars, Alfisol, ICRISAT Center, summer 1983. 

-WJE (kg ha- I ctin ) 

Drought-W (cm) Grain yield (kg ha) TDM (kg ha-') 
stress
 

treatments 1.1 104 ICIH 412 HIJ 104 ICII 412 .1 104 ICH 412 

M0 37.7 47.1 75 38 197 187 
M 34.4 43.7 83 51 232 228 
M, 22.8 24.1 121 74 299 213 

30.9 32.8 25 18 125 187 
M, 35.8 36.2 71 15 176 81 
M3 

SED t ±1.7 ±7 ±21
 
SED 2 ±1.4 ±7 ±23
 

I. Standard error of the difference between two treatment means for the same cultivar. 
2. Standard error of the difference between two cultivar means -, the same level of moisture. 
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Crop-Weather Modeling 
Sorghum 

Application of SORGF. In previous years we 
used the revised SORGF model to provide preli
minary answers to questions on screening envi-
ronments for sorghum production, selecting
appropriate sowing dates, and prdicting when 
and how much irrigation water to apply for opti
mum grain yield (ICRISAT Annual Report 
1983, p. 239). This year the revised model was 
used to obtain the cumulative probability of fer-"+
tilizer N requirement for sorghtrn production at 
ICRISAT Center. To achieve this, grain yields
of sorghun for the rainy season were first simu-
lated for a medium-deep Vertisol (150 mm avail
able water-holding capacity) using weather data 
for 1901-1970 (Fig. 3). Under good management
(timely field operations, adequate fertilizer, and 
plant protection), we predict that sorghum w\'ill 
yield at least 3000 kg ha-1 of grain in 70% of the 
years. We calculate fertilizer requirement on the 
assumption that 20 kg N is required to produce
1000 kg ha-' ofsorghum. The crop absorbs 55% 
of the fertilizer, and the N-uptake from the plot
witheut fertilizer is 30 kg ha-i, i.e.. without ferfil-
izer, a crop would yield 1500 kg ha-,. For tile 
ICRISAT Center environment, we predict in 
50% of the years, a yield of 3800 kg ha-' for 
which the fertilizer N requirement would be 80 
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Figure 3. Cumulative probability of simulated 
sorghum grain yield (kg ha-1) based on climatic data
1901-70. 

Table 7. Simulated mean grain yield (kg hai)- and 

fertilizer N requirement (kg ha-') with drought stress 
alleviated by irrigation at different growth stages for
sorghum sown 15 September on medium-deep Vertisols, Bijapur, Karnataka, postrainy seasons 1965-81. 

Irrigation' grain fertilizer N 
Panicl yield requirement

Sowing initiation Anthesis (kg ha-) (kg ha-') 

+ - 2100 23
 
+ + 
 - 2200 25
 
+ + 
 2400- 3200 33+ 62
 
+ + + 3400 70
 

I. = Irrigation not applied; + = Irrigation applied. 

kg ha-'; and in 75% of the years we predict ayield
of 3200 kg ha- for which fertilizer N require
ment would be 60 kg ha-'. 

The revised SORGF model was also used to 
simulate the response of sorghum grain yield to 
irrigation applied at different growth stages in 
Bijapur, Karnataka (Table where7), mean 
annual rainfall is 646 mm. Under rainfed condi
tions the simulated mean sorghum grain yield
for 16 years (1965-81) was 2100 kg ha-' and the 
simulated mean fertilizer N requirement was 23 
kg ha-'. The N-uptake without added fertilizer N 
was assumed to be 30 kg ha-'. When a 50-am 
irrigation was applied at sowing, and again at 
anthesis, the simulated ma'w grain yield was
3200 kg ha-', and fertilizer N icquireinent was 62 
kg ha-'. 

revised SORGF model was tested using

independent data supplied by ICRISAT
 
Sorghum Improvement Program 
 on sorghumhybrid CSH 6 grain yields for the rainy seasons 
1978-83 (Table 8). These crops were grown with 
a 75-cm row spacing on a medium-deep Vertisol
(150 mm available water-holding capacity) atICRISAT Center. We simulated grain yields 
using actual weather data for the whole growing 
season, and from sowing to anthesis; for the 
latter we assumed that normal weather prevailed
during the period from anthesis to physiological 



Table 8. Actual and simulated grain yield (kg ha-') of 
sorghum CSH 6 for ICRISAT Center using actual 
weather data for the growing s~ason and from sowing 
to anthesis). 

ActualActual Simulated grainha -

Sowing grain yield yield (kg liiv 
date (kg ha-1) Andiesis Maturity 

I Jul 78 6230 5450 5650 
23 Jun 79 5590 571(0 5940 
II Jun 80 4880 5!90 4950 
24 Jun 81 5200 555(0 5600 

18 Jun 82 6630 5830 560(0 
28 .lun 83 528(0 547(0 4900 
10 Jun 84 5000 5590 5240 

maturity. Simulated sorghum grain yields were 
within 10% of the actual grain yields except in 
1982. Thus tile model could be used to forecast 
yields much ahead of harvest. 

Pearl Millet 

Fhe framework for a pearl millet simulation 
model was described earlier (ICRISAT Annual 
Report 1983, p. 242). For 1l 104, tie growing-
degree-day requirements (base temperature 
70C) for the three growth stages GS GS, and , 

GS, were 350, 470, and 570. We used a simple 
approach involving the concept of ground cover 
coefficient (GC) similar to that used inground-
nut. The GC was assurned to increase linearly 
from 0 to 1.0 from emergence to anthesis: it 
remained 1.0 forabout a week afteranthesis arid 
then it declined linearly to (1.5 at physiological 
maturity. For each M.1 of radiation intercepted, 
1.3 g of dry matte, was produced. A harvest 
index of 0.25 was used to convert TI)M to grain 
yield. This model was tested with art independent 
data set supplied by ICRISAT Pearl Millet 
Improvement Program. The crops were grown 
at 75-crii row spacing oin an Allfisol (85 riri 
available water-holding capacity) at IC RISAT 

Center. Simulated grain yields (Table 9) were 
generally within 9(7 of the actual yields except in 
1980, when simulated yield \vs 47% higher than 
actual yield, 
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Table 9. Actual and simulattd grain yield (kg ha-) of 
pearl millet BJ 104 for ICRISAT Center using actual 
weather data for the growing season and from sowing 
to anthesis. 

Actual Simulated grain yield 

Sowing 
die 

Actua 
grain yiel( 
(kg ha 1) 

t(ga 

Anthesis 

-1l 

Maturity 

27 Jun 78 2430 2680 2610 
5 flul80 

23 Jun 81 
28 Jun 82 

1710 
2880 
2560 

2560 
2610 
2750 

2510 
2620 
2710 

27 Jun 83 2240 2400 2280 

Nutrients 

Phosphorus 

)uring earlier investigations into the behavior 
of phosphorus in Vertisols at ICRISAT Center 
(ICRISAT Annual Report 1983, pp. 254-255) 
we found that sorghum grown on deep Verlisols 
responded little, if at all, to a pplicatiorls of fertil
izer P %%,henthe soil-avai la ble Pcontent was very 

low (.-2-3 ppl)Olsen P). Our subsequent inves
tigations have involved characterization studies 

to compare the forms of phosphorus existing ii 
the benchmark Vert isols and ,\lfisols at tile Cen
ter. and subseqtuent field alrid greenhouseexperi
mrints where we attempted to establish rela
tionshiips between dif'rcrit estimatesofavailable 
) in tile soil, and the response of sorghumil to 

applications of fertili/er I. 

Characterization of Soil Phosphorus 

We carefully chose four sampling sites on the 
benchmark Alfisol (tldic Rhodustalf) and four 
oil tile beich mar!: Vertisol (Typic Pellustert) at 
I'RISA i'Center to provide soil samples with a 

raige ('ifavailable I' levels flreach soil order. We 
then examined the soils using the modified 
Chang and .lackson fractionation method to 
determine tile forms in which phosphorus was 
held in the soil. 
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Our results (Fig. 4) show that amounts of P in smaller amounts added, e.g. 50 mg P kg-',the different fractions were quite consistent percentages sorbed 	
the 

were 96.6 by Vertisols andwithin each soil order, but there were large dif- 97.1 by Alfisols. These results, obtained on theferences between the two orders. Calciunm-l was surface soils, were complemented by othersthe dominant form in tie Vertisols, although showing that fixation in tile type profiles of theiron-P1 dominated in the Alfisols, tile levels pre- two benchmark soils changed only a little withsent were about the same as those in the Verti- depth, apart from a high value in the 11horizonsols. Aluminium-P was low in bolh soils, of tile Alfisol. The two soils hardly differed inVertisols in India are considered to possess a their fixation capacities ('able 10).high P-fixation capacity. II preliminary inca- Further research is warranted on the behaviorsurements on surface samples (0-15 cm) from tie of phosphorus in Vertisols because, in additiontwo soil orders, however, Vertisols fixed only to a much lower P-fixation capacity thanslightly more phosphorus than Alfisols. Whel expected, assessments of plant responses Indi200 Ing 1)kg-i was added to the soils, Vertisols cate that Vertisols supply P to crops much moresorbed 91% (on average) and Alfisols 86%; for readily than has previously been recognized. 

Vert Isol s Responses to P Applied to Vertisols 

Er Al - P In 1983, we pursued the earlier indications that 
- F. - P sorghum grown on Vertisols responded to fertil]cap-,so-	 izer P applications only when tile availa le Pcontent of tie soil was much lower than the limit 

FP 	 used for other crops and soils in India. Available 
was determined by the Olsen's standard 

in method (extraction with 0.5 molar NaHCO3)"
L s- Ra iny-season sorghum (CS11 6) was grown on 

.> theD X. 	 four Vertisol sites used to pi,)vide samplesfor soil P characterizations (Fig. 4). The sites 
r- received fertilizer treatments in a full factorial of2.0 8.00 

five rates of P application (0, 5, 10, 20, and 40 kg
Ava I abl e phosphorus tmg kg -) hai) and three rates oi N application (40, 80, andRlflsols 120 kg ha-'). There was no interaction between N 

-'-i - P 	 and P in the effects of nutrient additions on grainyield, and the main effects of P were therefore 
DF.-P 

]co -
used to calculate the relative yield (Yn,/Yr,,,,)P for each site; the plot of thiese agaiinst available P 

l -iM 	 appreciable responses(Olsen) in the soils showsoil thatsites where tihe soil-M 	 we only obtained 

oavailable P content was less than about 2.5 ppmo (Fig. 5). This ISabout one-half of the level gener-
Qs ally used for other soils in India; a level of 5ppm
C is considered to be low, and 10 ppm adequate. 

3.5 4.5 	
The
consistent

lack of 
with

a significant
the results

N 
we obtained

P 
in a very 

7.0 I.s 1)interaction was 
Rval 1able phosphorus (mg kg-') detailed experiment in 1981.

Figure 4. Phosphorus associated with Al, Fe, and This experiment involvedCa, as estimated by the Chang and Jackson proce-	
5 rates of P and 6 

rates of N, arranged in a split-plot design with Ndure, inVertisols and Alfisols, ICRISAT Center. treatments in the main plots and P treatments in 
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Table 10. Comparison of selected soil properties and amount of P fixed inthe profiles of benchmark Vertisol and 
Alfisol, ICRISAT Center. 

Soil 

Depth 
Horizon (cm) 

Alfisol (Udic Rhodustalf)
 
AP 0-10 

BI 10-20 

B21 t 20-50 

B22t 50-105 

BC 105-145 

C 145-160 


Vertisol (Typic Pellustert)
 
AP 0-15 

All 15-40 

A12 40-90 

A13 90-150 

AC 150-180 


Clay 
(%) 

19 

30 

41 

41 

24 

16 


51 

54 

56 

59 

65 


Organic C 
(%) 

0.62 
0.66 
0.63 
0.49 
0.20 
0.10 

0.66 
0.33 
0.37 
0.29 
0.18 

1. 	Amount of P added to result in a concentration of 0.2 mg P L

250C. 

a 1981 

o 2982 


10 J  0 

a 


-0 

Cexperiment, 
"so-

w 

0 0 

s 10 Is 

01 en P (mg kg-' I 


Y 96.7(1'e-"0 2x) 

pH CaCOI 
(1:2 1,O) (%) 

6.3 2.4 
6.4 2.8 
6.7 2.9 
6.6 2.8 
7.4 3.7 
8.0 6.5 

8.3 10.0 
8.5 9.3 
8.9 12.6 
8.9 15.2 
8.7 10.2 

P added 
to reach 
0.2 ppm 

Total P equl. conc. 
(mg kg- 1) (mg kg-I)' 

140 35
 
120 34
 
110 36
 
90 93
 
90 39
 

140 20
 

220 30
 
150 33
 
160 33
 
190 38
 
200 28
 

1in ';upernatant solution, on equilibrating soil for 6 days at 

the sub plots. The response to P was small, abo',t 
6% on average (Tabk 11). We had expected that 
this site, with its low N and P status (1.5 ppm
Olsen P) in the 0-15cm snil dcpth, would be most 
likely to show N x P interactions in crop yield; 
the high maximutn crop productivity (->6300 kg 

-lia ) demonstrates the high crop demand for P 
from the soil. The lack of an interaction in this 

and in the other experiments pro
viding data for Figure 5 indicate that these inter
actions are unlikely in our Vertisols. 

In a greenhouse pot experiment, we investi
gated the fI'asibility of obtaining more precise
 
comparisons between Vertisols and Alfisols.
 
Bulk samples were collected from the 0-15 and
 
15-30 cm depths from each of the sites tsed for
 
the soil characterizations in Figure 4. To the soil
 
from each site, we added 6 rates of P (0, 0.5, I, 2,
 
4, and 8 P M-2, equivalent to 0, 5, 10, 20, 40, and
 

Figure 5. Relationship between relative grain yield 80 kg P ha -' on an area basis). We also applied 
(YPo /YPmax) of rainy-season sorghum CSH 6 and other known essential nuti ients as a basal dress
available P (Olsen) in 0-15 cm depth of Vertisols; field ing to the 0-15 cm soil depth including N at the 

-2experiments, ICRISAT Center, 1981 and 1982. rate of 12 g m . 

0 
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Table 11. Effects of N and P application on grain
yield (kg hI - ') of sorghum CSI! 6, (Jeep Vertisol, 
ICRISAT Center, rainy season 1982. 


SPrate (k-g Ila-') 

N ra,. 
 4 
(kg ha 1) 5 I0 20 40 Mean SF 

0 1870 2050 2040 2130 2340 2090 
40 3950 3500 3560 3600 3610 3640 
80 4890 4580 5040 4620 4880 4800 ±276 

120 4560 5250) 5440 5150 5350 5150 
160 5460 5420 5740 6020 5500 5631)

200 5580 5660 5850 6070 6350 5900
 

S" ±401 

Mean 4390 4410 46i0 4600 4670 ,4530 

SE ±126 

The resribts (Fig. 6a) did not indicate a clear 
difference between Vertisols and Alfisols in tile 
relationships bet weem the response of sorgh inrti 
to added 1), and the level olavailable 1)in the soil 
isassessed by lile (lsen soil test. Significanut
differeices resulted when tihe ()lsell test was 
replaced h the Colwell test (Fig. 6h). which is 
very similar, but involkes a iore exhaiustive 
extralction of soil P. The results, lwesrover, were 
contrarv to those expected I le ('olwell test had 
beeni expected to extract rantci more 1 Ilolli tile 
Vertisol than from the '\lfisol.
 

While these prliiinar\ studies did nrot pin-

duce Consistent results, 
 they have cry clcarly 

highlighted the differences in 1)behavior in VCr-

tisols and .A,llisols. This has consideraifle rele-

vallce to 
 fertilizer strategies flor file improved
 
(lu ble-croppi rig svstcill 
 for deep Vertisols. 

Efficiency of Nitrogenous Fertilizers 

Our Collaborative project with the International 
Fertilizer l)evrelopmcnt ('enter (IllI)C) com
menced in 1980)to studyv fle fiate and efficiency of, 
fertilizer N, initially, focused on obtaining base-
line inforiation on deep Vcrtisols aiid Alfisols. 
Ill 1983 tile research focus was shifted to shallow 
soils in which applied fertili/cr N isMoie vNlner-
able to losses by leaching of 'ariable rainfall. We 
coin pa red differrent N sonurces oil I shallow black 

soil (Vertic Inccptisol) usiing sole sorgh ti as tihe 
test crop. Farlier studies (IW('RISAT Anin ial 
Reports 1981, pp. 231-233: 82,. p. 247-250: 83, 
pp. 257-259) examined the effe'cts of method of
application on tile fate aitnd efficieicy of fertili/er
N in different cropphln systels, mainly on deel) 
Vertisols. We continued studies oil sorglnmnl
safllower ldotible Croppilg on a deep Vertisol, 
millet gromndnmt intercrops on an Alfisol. and 

- RifIsot1o Vert lsol 

0 0 

u so

> 
. a
 

x a
 

ofs 

-

0 s 0 is 

01sen P lmg kg-i) 
100o 

s
1
 

0
 
" 

0 

0 iD 20 30 40 so 

Colowe) I P lmg kg -i} 

a.y 216.8 + 7.6x r 0.89 rse z 13.6= -3.9 + 8.7x r--1.98 rse= 7.1 

I..'1 12.3 + 5.6\ r 00.76 rs, = 19.4 
2y 8.4 + 1.9x r 0.96 rse - 11.0 

igur 6. lelationships bviveei relaie grain )ieId 
oflpiostrinly'-seasoini sorglium (Sill 8 gromli on Aifis

ols aud Veriisols in it pot experinment , arid available P 
assessed bitie Olsen (11)and (olell (b) ielllhods in 
tile 0-15 cmlsoil depth, I('RISAT ('enter, 1984. 



we also compared different methods of fertilizer 
applications on shallow black (Vcrtic) soils, 

Rainy-Season Sorghum on Vertic Soils 

On these shallow soils, we sti Jcd the response 
of sorghum CSH 6 to urea applied at different 
rates (0-120 kg ha-') by the band-split technique, 
and tie effectiveness of different N sources: urea, 
diammonium phosphate, potassium nitrate, 
nitrophosphate (20-20-0), and urea super 
granules (USC). The soil was a Vertic Incepti-
sol, average depth 25 cm. The rainfall in 
1983 was well above normal, 913 mm between 
sowing and harvest, evenly distributed through
out the season. Sorghum responded linearly to 
applied N up to 120 kg N ha-', and the slope ef 
the response curve was 20 kg of sorghum grain

-
kg IN applied (Fig. 7). This result was markedly 
different from the earlier result (1981) on a deep 
Vertisol and with similar rainfall, 880 mam. On 
the deep Vertisol the response of sorghum CSit 
6 to applied N was quadratic; the response was 

Deep Var'tlcation. 

o Vvrtlc lncQp lol 

GOO'Y 

7 

,iii A 

,... 

gnitrophosphate 
U.2000-cantly

2000 

010L 
0 on0 , ,--

so 100 ISO 
Fertllizer nitrogen tkg ho'll 

I. y =2560+48.9x-0.20x2 R = 0.85 rse =495 

2. y = 600+20.8x r =0.99 rse=90 
Figure 7. Relationship between grain yield (kg ha-1) 
of sorghum CSH 6 and fertilizer N applied on deep
(1981) (1) and shalIo, (1983) (2) Vertic soils, ICRI-
SAT Center, rainy seasons 1981 and 1983. 
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'I -Ale12. Effect of different types of fertilizer N on 
yield (kg ha-') of sorghum CSH 6, deep Vertisol 

(1982), and Verti¢ Inceptisol (1983), ICRISAT Cen
ter, rainy seasons 1982 and 1983. 

Grain yield (kg ha -1) 

Vertic 
Fertilizer N Vertisol Inceptisol 
Nil 2870 670 
Urea 5250 1910 
Potassium nitrate 5390 1780 
Nitrophosphate 5490 1860 
Urea Super Granule 5530 2470 

SE 180 ±122 

CV (%) 7 14 

almost linear up to 74 kg N ha- I, with a slope of 
34 kg grain kg-' applied N (Fig. 7). 

The inputs of fertilizer N were less efficient in 
increasirg crop yields on the shallow black soil 
than on the deep Vertisol. Thus, for most effi
cient use of fertili;,er resources, deep Vortisols 
should receive a higher priority in fertilizer allo-

Nevertheless, short-term strategies for 
subsistence farmers should not ignore the possi
bility of using fertilizer N onl N-responsive crops 
on shallow droughty soils, because the 20 kg 
grain kg-' N obtained on the Vertic Inceptisol in 
1933 was quite a satisfactory economic response.

Among the fcur nitrogenous fertilizers 
tested-urea. USGC potassium nitrate, and 

(20-20-0)--US(3 was signifi
nore effective in inc:easing sorghum

yields on the Vertic lnceptisol than the other 
sources of N (Table 12). In the deep Vertisol in 
1982, these four sources of N were found to be 
equally :ffective. On selected treatments of these 
experiment,-, we used '5 N-labelled fertilizers to 
determine :he fate of applied N. 

Nitrogen Fertilizer Application to 
Millet lntercropped with Groundnut 
on a Shallow Alfisol 

In 1983, we applied four levels of N (0, 40, 80, 
and 160 kg N ha-' ) to pearl millet cultivar BJ 104 

http:600+20.8x
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intercropped with groundnut Robut 33-1 in 1:3and 2:6 crop-row arrangements. Millet re-
sponded significantly to applied N (Fig. 8). Sole 
millet responded the most. The lower response 
of millet when intercropped was the main cause
of the reduced advantage of intercropping with 
inputs of fertilizer N (Table 13). In a separate
experiment on millet,sole USG application
resulted in greater (P <0.05) yield than urea 
(Table 14); a similar result was obtained with 
sorghum on shallow black soils. The reasons for 
the superiority of USG are being investigated. 

Sorghum-Safflower Double-Cropping System 
on a Deep Vertisol 

In the 1983/84 season, we continued our study 
on the efficiency of fertilizer N applied to the 
sorghum-safflower double-cropping system
involving 'sequential cropping in the rainy andpostrainy seasons. The results were in agreement
with the findings from 1982/83 in that the effect 

-. I -llitIlId 
4000--
.-. Groundnut yield 

Sole mIlle 

- 3000 

-c 


U :3 Mil et/Groundn 
-Z200...-

S6-may 


I 

i 

........ 2:6----
------ -t--------
.0 
 Sole Groundnu 
o 
 2:6 Milet/GroundnutISE 

___Fertilizer 

0 o0 1Fertil izer-nitr-ogen 
fkg ho-J 


Figure 8. Effect of different crop-row arrangements
and fertilizer N applicatioi.' rate on grail and pod
yields (kg ha-i) of intercropped millet and groundnuton an Alfisol, ICRISAT Center, rainy season 1983. 

........... 


Table 13. Effect of N application (kg ha-') on LandEquivalent Ratio (LER) of two crop-row arrange
ments for a millet BJ 10 4/groundnut Robut 33-1 
Inter,rop, Alfisol, ICRISAT Center, rainy season 
1983.
 

LER
 
E
 

N applied Row arrangement[

(kg ha-) 1:3 
 2:6 

0 1.35 1.36 
40 1.14 0.98 
80 1.01 1.01 

160 0.92 0.99 
SE ±0.060
 
CV(%) 
 13.0 

1.Crop-row arrangement of 1:3 and 2:6 rows of millet: 
groundnut; all inter-row distances 30 cm. 

of Ilrtilizer N on the postrainy-season crop
(grown with stored soil water) was significant, 
and the residual effect of fertiliter N applied to 
the rainy-season crop (sorghum) on the subse
quent crop (safflower) was small. However, this 
year's result contradicts last year's finding thatrainy-season bare fallowing was not beneficial to 
the postrainy-season crop (Table 15). From this 
2-year study, we conclude that in a double
cropping system involving "onlegume crops 
such as sorghum-safflower, fertilizer N shouldbe independentlyapplieJ to both crops, and that 
the beneficial effect )fbare fallowing land dur
ing the rainy seao oi a otrin eason crop 

vary between seasons. We Suspect that the 

Table 14. Effectyield (kg ha-) of different types of fertilizer N onof sole millet BJ 104, Alfisol, ICRISAT 

Center, rainy season 1983. 
Grain yield 

Nil 
Urea 

N (kg ha-) 

16202700 
Urea super granule 2930 
SE ±87 

CV(%)9 
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Table 15. Effect of fertilizer N on grain yields (kg ha-') in sorghum-safflower double cropping, deep Vertisol, 
ICRISAT Center, 1982/83 and 1983/84. 

Cropping system Grain yield (kg ha-i) 
Rainy season Postrainy season Rainy season Postrainy season 

N N 
Crop (kg ha-) Crop (kg ha -I) 19821 19832 1982/83 1983/84 
Sorghum 0 Fallow 0 3550 1900 -
Sorghum 60 Fallow 0 4470 3520 - -
Fallow 0 Safflower 0 - - 1400 530 
Fallow 0 Safflower 60 - - 1960 1460 
Sorghum 0 Safflower 0 3720 1100 630 690 
Sorghum 60 Safflower 0 4890 3050 720 670 
Sorghum 30 Safflower 30 4710 2270 1000 1170 
Sorghum 
Sorghum 

60 
90 

Safflower 
Safflower 

30 
0 

5180 
5290 

3080 
3920 

1050 
869 

1060 
840 

Fallow 0 Sorghum 0 - - 1410 1340 
Fallow 0 Sorghum 60 - - 2830 2910 

SE ±175 ±149 ±90 ±108 
CV (%) 8 II 16 17 

1. 1982 rainfall 500 ram. 
2. 1983 rainfall 910 nnm. 

amount of rainfall during the fallow period may Long-Term Soil Fertility 
be a factor. Experiments 

Nitrogen Application Methods Three long-term experiments are in progress at 
ICRISAT Center. A summary of the results of

The application of fertilizer, and sowing of seed the long-term potassium experiment was given
separately into soil using a double seed-and- last year, at the end of the first 4-\car cycle
fertilizer furrow-opener (ICRISAT Annual (ICRISAT Annual Report 1983, pp. 2(,0-265).
Report 1983, p. 259) requires higher draft power The phosphorus experiment continues to give
than asingle furrow-opener through which corn- mean treatment effects that are in agreement
bined seed and fertilizer are added. Also, if the with previous years, but increasingly there are 
fertilizer band is located too far from seed row, trends to treatment x replicate interactions: these 
crop growth may be delayed. We therefore corn- are being invcitigated. 
1:red fertilizer application in a conventional In the 1983, 84 season, the Cropping Systems
side-band to that within the seed row, using urea and Soil Fertility and Chemistry subprograns
and diammonium phosphate (I)AI). We found initiated a new long-term experiment to investi
that fertilizer application in the seed row, at the gate the effects of 2-year rotations on the long
rate of40-60 kg N ha-1 , gave better establishment term fertility of the soil, with diverse corn
of the sorghum crop and higher yields (Table binations of legumes and nonlegulmcs,and tradi
16). It is therefore feasible to use a single furrow- tional a id improved types of cropping systems. 
opener for combined placement of seed and fer- The results of ihe first 2-year cycle will be 
tilizers, at least in some s' uations. reported nxt yeai. 
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Table 16. Effect of method of application and type of fertilizer N on yields (kg ha-') of maize and sorghum on aVertisol, and millet on a Vertic Inceptisol, ICRISAT Center, rainy and postrainy seasons 1983/1984. 
Fertilizer N Rainy season 	 Postrainy season 

Method of Maize TDM Millet grain Sorghum grainType 	 apt;!ication' (kg ha-t ) (kg ha-') (kg ha-') 
Nil 
 Nil 
 1150 
 370 
 700
Urea Side-band 5180 650 1630Urea Seed-row 5980 
DAP Side band nd 2 	

740 2230
 
780 
 1890DAP Seed-row 6100 920 2420 

SE 
 ±901 
 ±47 
 ±325
 
CV (%) 
 21 
 11 
 33
 

1. All fertilier Napplied at seeding or sowing to millet (49 kg ha- I)and sorghumn (60 kg ha-'). NIa ie given 80 kg N hai,- haIlfatseeding (either side-hand or seed-row), and half as side-ba.J 4 weeks later. 
2. nd =not determined. 

Rainy-season crops such as soybean (right) 9nd short-duration pigeonpea growing on a Vei tisol ICRISAT Center,rainy season 1984. In ICRISAT's double-cropping system they will be followed in the postra ny season bysequential crops of chickpea, safflower, sorghum, or wheat that will benefit from the preceding legume. 

V, 

4 fr¢ 31 

kh' re! ~' 
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Soil Management for Conservation 	 kinetic energy from the relationship aetween 
intensity and kinetic energy. The monthly totals 

Rainfall Erosivity of kinetic energy for different-sized storms are 
given in Table 17. Energy loads of individual 

The energy expended on soil by rainiall and storms of 1.5 ,aJ m - 2 were common. 
runoff is the primary factor determintig erosion 
by rainfall. Studies on storms--partioularly the 
characterization of duration, intensity, and total 
amount of rainfall are needed to provide esti- Table 17. Total kinetic energy (u J m - 2) of storms of 
mates of the erosivity of rainfall in a region. We 	 different size classes in Alfisol watershed, ICRISATCetr193 

commenced detailed measurements of storns at 

ICRISAT Center in 1983. Storm sizes (mm) 
Figure 9 shows the intensity di'tribution for Month <13 13-25 26-37 38-50 >50 Total 

different sizes of storms in the 1983 rainy season. Jun 0.0419 0.0998 - - 0.1417-
Many small storms (<25 mm) had mild intensi- Jul 0.0841 0.0732 0.0712 - - 0.0023 
ties, without any prominent peak. Medium-sized Aug 0.1052 0.1292 0.0521 0.0695 0.1072 0.4634 
storms (25-50 mm) usually started with high Sept 0.0934 0.0981 0.1345 0.1004 0.4265 
intensities, with another peak in the middle of Oct 0.0211 0.0837 0.0627 - 0.1676
the storm. Larger storms (>50 mm) had peak 	 Nov 0.0006 - - 0.0006Dec 0.0034 0.0170  0.0205 
intensities halfway through the storm, followed Trotal 1.6778 0.5010 0.1233 0.2667 0.2076 1.2226 
by a 'tail' of much lower intensity. The highest 
rainfall/storm intensities recorded in the 1983 
rainy season were 80 mm h-I over a 15-min 
period on our Alfisol watershed, and 51 mm h-1 The product of kinetic energy (E) of a storm, 
over a 15-min period on the Vertisol watersheds, and its maximum rainfall intensity sustained for 
The most frequent intensity sustained for 15 min 30 min (I0), gives an index of the erosivity of a 
ranged from 12-15 mm h . rain storm. The total for the whole year provides 

For each rain event, we calculated the total a measure of the annual erosivity at a given 

Rainfal 
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Figure 9. Temporal distribution of rainfall intensity during storms, for storm sizes of < 25, 25-50, and < 50 mm, 
Alfisol watershed, ICRISAT Center, 1983. 
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location; this is the R factor (ElI 0 ) of the Univer-
sal Soil Loss Equation.

We calculated the erosivity index for different 
sizes of storms in the 1983 rainy season (Table 
18). The distribution of El.,,during the year, for 
two locations at ICRISAT Center (Fig. 10), 
identified the most critical potential erosion 
period (August-September) and quantified the 
rainfall erosion hazard for this year. We need
such analyses for long-term rainfall records to 
obtain an ave'p-e rainfall erosivity.


The value'111 V>
annual I of 484 indicates the 
total hazard for the year. This is low compared
to global values on an annual basis, but consid-
erable in the light of our short rainy season. We 
therefore suspect that El10 may not be the best 
index of rainfall erosivity for the SAT. We will 
continue our studies on runoff and soil losses,
and monitor storm characteristics so that wecan 
determine the relationships between soil loss and 
rainfall-erosivity indices. 

Hydrological Modeling and 
Simulation 
Vertisol Watersheds 

Earlier we described a runoff model based on the 
modified curve-number technique, and a soil-
moisture accounting procedure (ICRISAT
Annual Report 1982, pp. 247-249). This model 
predicts soil-moisture content and daily runoff 
from small agricultural watersheds. We have 
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Figure 10. Monthly values oferosivity index El. 0, in
Alfisol and Vertisol watersheds, ICRISAT Center, 
1983.
 

now completed testing and calibrating the model 
for various land-management systems on the
Vertisol watersheds at ICRISAT Center. About 
10-15 runoff events are sufficient to estimate the 
two main parameters of the model. 

Our earlier testing showed that the model was 
usually accurate for predicting runoff from Ver
tisol watersheds. However, for some individual 

Table 18. Erosivity Index (El,0 ) of rainfall in Alfisol watershed, ICRISAT Center, 1983. 

Storm size (mm)
Month 0-12 12-25 25-37 37-50 >50 Total 
Jun 
 5.5 38.1  - 43.6Jul 
 11.3 11.6 16.2 - 39.1Aug 14.5 37.2 16.9 54.5Sept 30.4 

50.6 173.711.7 - - 198.3Oct 3.5 10.5 13.5 - 27.4Nov 0.1  3  2.4Dec 0.1 2.0 - - 2.1Total 46.7 129.7 33.0 131.7 143.0Annual E130 (%) 10 27 
484.2 

7 27 29 100 



storms, the model was not accurate, apparently 
because infiltration and runoff are improved by 
changes in soil-surface conditions. The smooth-
ness of the land surface caused by earlier runoff 
events, and small cracks formed in the soil sur-
face on drying during rainy season are two 
known factors. We have therefore modified the 
original runoff model to allow for the effects of 
such changes. suchchanes.Q, 

During extended rainless periods, the soil sur-
face of Vertisols frequently develops many small 
cracks that markedly increase infiltration, and 
reduce runoff. The model estimates the negative 
contribution of cracks to runoff by: 

Sr:= (, where 

Sr = runoff 'cracking' adjustment factor 
(-mm), to be subtracted from pre
dicted runoff for the next storm. 

= a function of the amount and type of 
clay in the soil, and represents the 
soil's inherent tendency to crack; it is 
determined by calibration with mea-
sured runoff data. 

EnE 
*nE = total evaporative demand on the soil 

during an extended rainless period. 

n = 	the number of days with no rain or 
with rainfall less than soil 
evaporation. 

This correction for cracking isapplied onlyifthe 
total evaporative demand ( ~E') exceeds 20 
mm. 

Depending on the am ount of runoff, land 
becomes smoothed to varying degrees. Land 
smoothness created by a runoff event is de-
scribed by:Ls by: 


(Q,) - 0.85, where 


Ls = smoothness correction (mam) created 
by a runoff event; it has a maximum 
value of L.5vleo4.ram.i.1978 

=Q, amount of previous runoff (mm). 

The extent to which land smoothness from one 
storm affects runoff from the next storm 
depends on the relative magnitudes of the two 
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runoff events. The contribution of land smooth
ness (Ls) to runoff is given bya factor(Rs) which 
relates to Ls as follows: 

Rs = Ls x Q2/Ql, where 

Q,/Qj = 	a utilization factor, whose maximum 
value is unity. 

= runoff from earlier storm cautsing the 
ruooeaus 

Q2 = runoff on the day of calculation. 

These two changes markedly improved the 
performance of the model in predicting the dailyrunoff (Table 19), as well as monthly and annual 
runoffs. 

Alfisol Watersheds 

We initially calibrated our model and tested it 
using hydrological data gathered from two deep-
Alfisol watersheds at ICR ISAT Center over the 
four years 1976-79. We used the 1978 data to 
calibrate 	the model, because we experienced the 
best range oflstorm sizes in this year; tle other 3 
years data were used to test it. On Alfisols, 15-20 

runoff events appear t- be sufficient to accu
rately calibrate the model. 

Table 19. Actual and predicted runoff with and with
out changes in soil surface conditions, deep Verlisol 
watershed, ICRISAT Center, 1976-79. 

Runoff( min) 
Runoff(mm) 

Predicted (mm) 

Year 
Rainfall 

(mm) 
Actual 
(mn) 

Original 
model' 

Modified 
model 2 

1976 110 27 36 28 
1977 80

216 
0

170 
10

160 
2

167 
1978 14 9 4 9 
1979 32 6 5 6 
1980 34 3 2 3 
1980 207 108 90 102 
1. Without corrections for fine cracks or land smoothness. 
2. With corrections for fine cracks or land smoothness. 
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The model predicts annual runoff from two 
Alfisol watersheds (Table 20) with reasonable 
accuracy. It is also able to satisfactorily predict 
runoff for some individual large and medium 
runoff events from a broadbed-and-furrow 
(B3F) system (Table 21). 

The model for Alfisols is less accurate for 
predicting some daily runoff events, especially 
when the soil surface has dried since the previous 
rain. 	The main reason seems to be the develop-
ment of surface crusts which greatly reduce itifil-
tration. We are developing a subroutine to make 
corrections for the effect of surface crusting. 

Soil-Management Studies on Alfisols 

Shallow Tillage 

During the early part of a rainy season, Alfisols
lose 	 much of their rainfall in runoff causing 

appreciable soil loss. This occurs even when the 
soils are initially extremely dry and might be 
expected to rapidly absorb water. The high 
runoff on Alfisols is due to surface crusts, which 
are caused by the impact of raindrops on bare 
soil, 	 and subsequent reorientation of fine soil 
particles. Shallow tillage to break the crust in 
addition to normal intercultivations for weed
control improves infiltration, at least 
temporarily. 

Table 20. Actual and predicted seasonal runoff (mm)
from two deep-Alfisol watersheds, ICRISAT Center, 
1976-79. 

Land 
management Rainfall Runoff (mm)
system Year (mm) Actual Predicted 
BBF 1976 685 191 179 
0.6% slope 1977 563 80 98 

1978 1071 358 365
 
1979 733 235 205 

Flat cultivated, 1976 631 139 116 
graded with bunds 1977 549 44 54 
(0.6% slope)' 1978 1038 208 229 

I. 	Runoff not recorded in 1979. 

We measured the effect of shallow tillage, by
additional interrow cultivations, on runoff and 
soil loss for three rainy seasons, 198 1-83 (Table 
22). Shallow tillage reduced seasonal runoff in 

Table 21. Actual and predicted runoff (mm) from 
large- and medium-sized runoff events on an Alfisol 
watershed under BBF (0.6% slope) land management, 
ICRISAT Center, 1976-79. 

Rainfall Runoff (mm) 
Year (mm) Actual Predicted 

1976 169
91 98

42 89
45 

1977 
25 
35 

10 
13 

9 
13 

1978 
52 

217 
17 

163 
20 

162 

51 17 19 
30 10 12 
28 6 6 
26 7 7 
25 8 9 

1979 54 23 25 
- 52 31 37 

Table 22. Effect ofshallow tillage in addition to nor
mal tillage for weed control, on runoff and soil loss 
from an Alfisol, ICRISAT Center, 1981-83. 

Tillage Rainfall Runoff Soil loss
Year treatment (mm) (mm) (kg ha-') 

1981 	 Normal' 1092 246 5.0 
Additional2 223 4.9 

SE 	 ±10.6 ±0.34 

1982 	 Normal 780 159 3.1 
Additional 	 120 2.6 

SE ±8.0 ±0.33 

1983 	 Normal 990 231 4.2 
Additional 196 4.0 

SE 	 ±12.3 ±0.24 
.	 Two inter-row cultivations. 

2. Two additional shallow inter-row cultivations. 
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all three years but did not significantly reduce but did not invert it. We tried three subsoiling 
soil loss in any year. It increased cereal yields by treatments: normal tillage (Ti), normal tillage 
13-16% in 1982 and 1983 (Table 23). Shallow with subsoiling every year (T), and normal till
tillage did not increase crop yields in 1981, prob- age with subsoiling every 3rd year (l'). We 
ably because high rainfall early in the rainy sea- started the experiment in 1984 by subsoiling *', 
son eliminated the need for additional and T , then tilling the soil in all treatments in the 
infiltration, usual way prior to sowing maize (I)ecca n Hybrid 

We conclude that, in years when early rains 103) on 19 June; we harvested the crop on 25 
are poor, additional shallow tillage can be effec- September. We measured TDM, grain yield, leaf 
tive in increasing crop yields by promoting infil- area, soil bulk density, root density, and rainfall 
tration on Alfisols. Additionally, the loose top infiltration. 
soil would also decrease evaporation loss during Total rain during the cropping period was 334 
extended rainless periods. mim; drought stress severely limited crop growth, 

resulting in low yields of grain and TDM . Sub
Long-Terni Effects of Subsoiling an Alfisol soiling increased grain yield from 280 kg ha - I in 

T Ito 510 kg ha- I for the mean of '[, and T, (SF = 
Tillage research on Alfisols in the past has shown ±87), and TI)M from 1590 to 229) kg ha-I (SF = 
that the effect of tillage is not long lasting, ± 122). Subsoiling increased lAl significantly (1P 
because of the rapid development of a crust on 0.05) at 50 I)AE (Fig. 1I)and consistently 
the soil surface. Crusts limit crop yields by increased (P ,_0.10) TI)M (Fig. 12). 
reducing emergence and rainfall infiltration into Subsoiling resulted in better root prolifera
the soil. However, we suspect that compact sub- tion, especially at greater depths (Table 24). But 
soil layers may also limit crop yields and that we could not detect increased soil bulk density, 
loosening the subsoil may have a longer-term which was measured at 10-cm depth increments 
effect than surface tillage. similar to the samplings 'or root density. Bulk 

We started an experiment to evaluate the density Valhes for the various depths ranged 
long-term effect of subsoiling an Alfisol. For from 1.66 to 1.77 g cm in the conventionally 
this, we used conventianal deep rippers drawn tilled profile, and 1.48 to 1.72 g cnl-. in tile 
by heavy tractors; the ripping tines, spaced I m subsoiled profile. 
apart, shattered the soil to itdepth of 5C-60 cm We measured water infiltration into the soil 

Table 23. Effect on grain yield (kg ha- ) of shallow
 
tillage in addition to normal tillage for weed control," .
 

Alfisol, ICRISAT Center, 1981-84. _j T,.+T 

Grain yield (kg ha- 1)  X 

1981-82 1982-83 1983-84 -

Tillage Sole Intercrop Sole pearl , 
treatment sorghum sorghum pigeonpea millet L 

Normal 2350 2260 92r 2620 _ 

Additiona 2 2360 2620 930 2970 50s5 7j Io 

Oays after emergence IDRE)SE ±50 ±25 ±41 ±32 
Figure 11. Effect ofsubsoiling an Alfisol on leafarea 

I. Two inter-row cultivations, index (LAI) of maize, ICRISAT Center, rainy season 
2. Two additional shallow inter-row cultivations. 1984. 
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Figure 12. Effect ofsubsoiling an Alfisol on total drymatter (TDM) production of maize (kg ha-'), ICR-SAT Center, rainy season 1984.ru 

Table 24. Effect of subsoiling on root density (cm
cc-i) at 89 days after emergence (DAE) of maize tcvDeccan Hybrid 103) on an Alfisol, ICRISAT Center,rainy season 1984. 

Soil depth
Soil
(cm) 

0-10 
10-20 
20-30 
3040 

40-50 
50-60 

Root density (cm cc-')Subsn
Subsoiling Nwater

Normaltillage S5 E 
0.55 0.42 ±0.072 
0.29 0.21 ±0.022 
0.20 0.09 ±0.034 
0.15 0.10 ±0.028 

0.12 
0.14 

0.06 
0.05 

+0.039 
±0.039 

during the dry season, -ne month after harvest. 
Subsoiling increased infiltration (Fig. 13). The
steady-state intltration rates 150 min after the 
start of infiltration measurements were 0.3 ±0.0 
cm h-' for the conventionally tilled treatment,
and 1.4 ± 0.55 cm h-' for the subsoiled treatments 
and 

Limited Irrigation for Rainy-Season Crops 

Dryland cropping on Alfisols is generally re
stricted to the rainy season, because their low 
water-holding capacity does not provide suffi
cient moisture to support crops for long after the
rains cease. Even during the rainy season, crops

experience mild to severe drought
stress depending on variations in the amount 
and distribution of rainfall. Supplementary irrigation could increase crop yields substantially.Water could be made available for irrigation bycollection ofthat part ef the rainfall that is lost asrunoff (20-25%, onof average). Strategies would202 ,on a e ge .S iat s w udthen be needed to schedule irrigations to opti
mize crop production. Irrigating only a fractionof the total land area has been proposed as a 
means to improve the overall within-field use of 
rainfall, runoff, and irrigation water.

The limited-irrigation dryland (LID) concept--developed by Texas A&M University 

for optimum use of limited amounts of irrigationto supplement rainfallsion of a field by involves the diviits slope into three se::ions, 
each with a distinct water regime. The tippermost section is conventionally irrigated; the middie section receives partial irrigation from 'tail 
water runoff', i.e., excess water from the upper
most section; the lowest section is managed asdryland, but receives normal rainfall runoff, and 

oU - tnfiltralon rate TI 
--,_ 
 ----- nfil),railon rate T
0 t 2 and T3t n3 

t E ....... ,ccumWatedinfiltration T,
4 -cctmuiated infltraiion T2 and 13 

-

C L 20
 
c
-

the accumulated amounts of water infil- 0 Jotrated at this time were 4.1 ± 0.97 cm forT, and , -8 6 d EL ---. +2 .37forTand T3 . Because the effect ofsubsoiling persisted throughout this first rainy 
season, and there is usually very little rain after
the end of the southwest monsoon, we expect
that the subsoiling will still be effective at the 
beginning of the next rainy season. 

U s11111 
C 0 Is 30 Is ED 7S 90 IDS5 20 135 ISO 

Time (min)
Figure 13. Effect of subsoilling an Alfisol on infiltra
tion rate and -accumulated Infiltration, ICRISAT 
Center, rainy season 1984. 
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perhaps some irrigation runoff from the upper water applied to the irrigated section, only one
sections. These different water-regime manage- third was retained by the soil, and the remaining 
ment sections may require different cropping 167 mm was lost as runoff to the tail-water 
systems, sowing densities, and fertilizer rates, runoff section; no irrigation runoff from the top 
We therefore initiated management experiments section reached the dryland section. On the top 
on an Alfisol in the 1984 rainy season, and middle sections, about 50% of the rainfall 

In early July, we sowed two sorghum cultivars was retained by the soil and the remainder lost as 
(SPV 351 and SPH 221) at three population runoff. More rainfall (68%) infiltrated into the 
densities (60, 120, and 180 x 103 plants ha - 1,and soil of the lowest section, thts its runoff loss was 
applied N and P fertilizers at three levels lower. 
(55N:20P, 120N:30P, and 200N:50P in kg ha-') As expected, especially for a season with a 
to each of the LID irrigation regimes. These prolonged mid-season drought, irrigation 
consisted of consecutive 20-in long strips irri- markedly increased sorghum grain yield and its 
gated as described above. Runoff volume from response to fertilizer inputs and population den
each section was measured using a multislot divi- sity (Table 25). In the irrigated section, S1P11 221 
sor. We began recording runoff on 9 August, grain yield exceeded 4000 kg ha- 1at all 3 popula
and harvested the sorghum on 17 September. tion densities for the two higher fertilizer levels, 

Between sowing and harvest only 435 mm rain which on average increased yield by 70% over 
fell. None fell between 10 August and 10 Sep- that ofthe lowest fertilizer level. SPV 351 yielded 
tember and the dryland section did not receive less, and responded less to fertilizer. Responses 
any water during this time. Of the total 255 mm to fertilizer were lower in the tail-water runoff 

Table 25. Effect of three irrigation regimes on grain yield (kg ha-') of two sorghum cultivars grown at three 
population densities with three levels of added fertilizer, Alfisol, ICRISAT Center, rainy season 1984. 

Cu ltivar 

SPV 351 	 SPH 221 
.Irrigation Fertilizer Population (10' ha- 1) Population (103 ha-1) 

regime level' 60 120 180 60 120 180 

Irrigated 	 F, 2560 2530 2710 2460 2220 3700
 
F2 3280 3540 3700 4290 4310 4780
 
F, 4400 3130 3260 4890 4620 5110
 

SE 	 ±257
 

Tail-water runoff F, 
F2 
F, 

2950 
3660 
3870 

1930 
3870 
3200 

3260 
3640 
3260 

2980 
3920 
3760 

3180 
4580 
4340 

4020 
4740 
4390 

SE ±322 

Dryland 	 F, 2140 2570 2460 2780 2930 3090
 
F2 2260 2750 2700 3240 3310 3240
 
F3 2220 1840 2820 3140 2470 3640
 

SE 	 ±292
 

I.F, 55 kgNand20kgPha-1.
= 
F2= 120 kg N and 30 kg P ha-. 
F3 = 200 kg N and 50 kg P ha-. 
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section, and were not statistically significant for 
the dryland section. On the two better-watered 
sections, increased population density tended to 
increase yield of SPH 221, but not of SPV 351;
lower population densities however, did not 
increase crop yields on the dryland section,
which could have been expected in such a dry 
year. 

These preliminary results show that imple-
mentation of the 1I1) concept therefore requires
different crop management to match the differ-
ent soil-moisture regimes. Low population den-
sities and low fertilizer inputs are adequate for 
the dryland section. But the improved water 
regime on the irrigated and tail-water runoff 
sections will merit higher inputs of nutrients 
depending on soil nutrient status and, depending 
on cultivar characteristics, could perhaps sup-
port higher plant populations, 

RLecycling Runoff 

In 1983 and 1984, we made preliminary opera-
tional tests on a windmill, because this is a low-
cost method of recycling runoffwa:er from our 

- Average wind velocity
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watersheds. The windmill was designed and 
manufactured by the Institute of Engineering
and Rural Technology, Allahabad, and was 
supplied by the Commission for Additional 
Sources of Energy, Department of Science and 
Technology, New Delhi, through the Rural Elec
trification Branch ofAndhra Pradesh Electricity
Board, to test its performance at ICRISAT 
Center. 

We installed the windmil so that it could 
supply an orchard with water from a nearby
tank, which provided a regular supply of water 
throughout the year at an average head of 6m. 
We measured the total volume ofwater pumped,
and the total run-of-wind, between August 1983 
and March 1984, exc,pt when repairs were 
necessary for brief periods in September and 
December 1983, and.lanuary 1984. Daily output
fluctuated considerbly because of variations in 
average wind velocity (Fig. 14). However, aver
age pumping discharge rate was high even ondays when the average wind velocity was quite
low. The performance was quite satisfactory
with an average output o'er the entire period ofabout 4000 1. h- 1for an average wind speed of 
approximately 7.5 km n-. 

The windmill putnped sufficient water for 

Breakdown 

,
 

it i I 
It I 

i 
I t 

L it i t 

Ocian 
 Fe tii 

mndaegewdvloiy ISA Cener 

Oec Jon Feb Mar 

1954Figure 14. Average discharge rate of awind-operated water pumnp, and average wind velocity, ICRISAT Center,September 1983-March 1984. 
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weekly irrigations of tomatoes (local) and maize blocks, leaving a 2-cm wide contraction 
(Deccan Hybrid 101) grown on 0.7 ha of land joint later filled with asphalt. 
during the postrainy season 1984. The yields P4. Plain soil/cement mixture laid as a 

-were 3600 kg ha maize and 8560 kg ha - ' smooth lining; scored to half the lining 
tomatoes. depth when moist to create 0.5-cm wide 

Further evaluations of pumping efficiency contraction joints later filled with asphalt 
require continuous recordings of pumping rate on a 40 x 40 cm grid. 
and wind speed. Probability analysis of the wind 
speed would allow us to calculate the reliability After applying the lining treatments, we kept the 
of water output. four pits filed with water and monitored the 

Preliminary testing of the wind pumping sys- seepage rate daily for 15 days. We then emptied 
tem revealed a number of operational problems: the water from the pits, and allowed the linings 

to 	dry for 30 days. We imposed 2 subseqient 
I. 	 Pump maintenance was difficult, because it cycles of seepage measurement for 15 days fol

was below water-level. We therefore raised lowed by drying for 30 days. 
the pump to ground level,and installed a The smooth soil/cement lining (1P,) developed 
flexible suction pipe fitted with a suitable I- to 3-mm wide cracks. The contraction joints 
foot 	valve. almost completely prevented cracking between 

2. 	 Excessive wear in a numb(-,- of the moving the joints in P and P4. The seepage-rate mea
parts in the drive mechanism from the rotor suremnents (Table 26) show that soil/cement lin
indicated the need for replacement with ing with 0.5-cm wide asphalt-filled contraction 
alternatives made from harder stecl. joints (1P4) performed best; laying soil/cement 

blocks separated by 2-cm wide asphalt-filled 
Evaluation of Low-Cost Tank Sealants contraction joints was not any more effective for 

seepage control than the cer ent lining with 
Earlier, we examined the performance ofvarious scored contraction joints for control ofcrackiiig. 
linings for 1.3 m3-small pits in an Alfisol with a 
low content (15%) of fine particles (silt plus 
clay). Seepage rates were high. Lining the pond 
with a 10:1 soil/cement mixture reduced the On-Station Operational 
seepage rate by about 97%. I'his lining per- Research 
fermed consistently well while the pit was kept 
continuously filled with water. But after empty
ing and allowing the lining to dry, it developed Equipment Development 
cracks, thus reducing its effectiveness. 

We examined treatments designed to mini- Pesticide Sprayer 
mize seepage rates, by controlling the cracking 
of the soil/cL'-nent lining in intermittently-filled Conventional knapsack sprayers require large 
pits. We determined terminal seepage rates in 4 volumes of water, up to 400-600 L ha-' of spray 
unlined pits from daily seepage measurements solution, which causes considerable hardship to 
over a 15-day period. On these calibrated pits, SAT farmers because they usually have to carry 
we then imposed the following lining treatments: clean water long distanceN. Reduction in the 

amount of water needed to apply pesticides is 
highly desirable. We began testing, in coopera-

P1. Control (unlined) tion with Cropping Systems Entomology, the 
P2. Lined with plain soil/cement lining (no low volume (IV), and an ultra-low volume 

contraction joints) (ULV) sprayer mounted on a bullock-drawn 
P3. Soil, ement mixture laid in 40 x 40 cm wheeled tool carrier (WTC). 
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Table 26. Effect of various soil/cement lining treatments on reducing seepage from small pits in an Alfisol,ICRISt.T Center, 1983. 

Terminal seepage Reduction in 
rate (mim day-1) seepage rate (%) 

Pit 
no. Material 

Lining 
Joints Calibration' Ist 

Fillings 
2nd 3rd 

Fillings 

P1 .2 _1 192 
P, 10:1 Soil/cement - 190 

laid smoothP 10:1 Soil/cement, 2 cm,asphalt- 178 
laid in 40 x 40 cm filled 
square blocksP4 ICA Soil/cement 0.5 cm, asphalt- 185 
laid smooth filled
 
and scored-


I. Measured before imposing lining treatments. 
2. - =not used. 
3. Sli:s erected by scoring lines to half-depth on a 40 x 40 cm 

These two sprayers differ in the mechanism 
used to produce the small droplets necessary to 
achieve good plant coverage, using very small 
volumes of spray mix pet hectare. In the I.V 

sprayer, the spray mix is forced at high pressure 

through a 
fine jet: in the UI.V sprayer, a trickle 
of spray falls on to a rapidly-spinning disc, that 

throws off uniform-sized droplets. Droplet size 

call be controlled by changing the disc's rotation 

speed, hence 
 its alternate name- -controlled 

droplet applicator (CI)A). The 
 IV sprayer

call work effectively with as little 
 as 70 l. 

spray hi-', but has the disadvantage that its very 

fine jets 
 are prone to blockages. The UILV 

sprayer has 
 tle combined advantage that the 
amount of spray solution can be reduced to less
than 10 l hai', and jet blockages are less 
common. 

Both spray units were mounted on a WTC 
with a 4.5-m wide spray boom that could be 
adjusted to spray at heights from 65 to 235 cm 
from the ground. The LV sprayer has 6-8 jets per
boom, and a chain from one wheel drives the 
reciprocating pump that delivers spray solution 
to the spray nozzles at a pressure of 275 kPa. The 
nozzle used to spray pesticide onto 3 rows of 

1st 2nd 3rd 
190 192 189 I 0 2 

6 15 15 97 92 92 

18 25 28 90 86 84 

7 8 7 96 96 96 

grid, 

pigeonpea is shown in Figure 15. For the ULV 
spray we mounted 3 spinning-disc assemblies 
(American Spring and Pressing Works, lom
bay) on the boom. The spinning-disc assemblies 
were driven by electric motors, powered by a 6 V 
car battery with sufficient charge to operate con
tinuously for half a working day. 

We began tests on both sprayers in a 3-ha 
pigeonpea field at ICRISAT Center, and on the 
ULV sprayer at our on-arm research location at 
Farhatabad, Karnataka. Both machines had a 
field capacity of approximately 0.85 ha h-1, and 
their efficiency in controlling ihliothis arnigera 
is being assessed. 

Planter Developnent 
We previously con -ntrated on improving seed
ing and fertilizer equipment attached to a WTC 
such as the Tropicultor or Nikart (ICRISAT 
Annual Report 1983, pp.268-272). Farmers, 
however, want a simple bullock-drawn machine 
that they can easily adjust and use, to sow their
 
crops and apply fertilizer, without having to buy
 
a separate WTC. Based on farmers' comments,
 
we initiated the development of an independent
 
planter.
 



FarmingSvstens 273 

0 150 cm 150 Cm 

c m ". . . 15 0 c m .. .... ..... . .15 0 .. . -- . .... . 15 0 c m 

'150 em _ _ 

Figure 15. Nozzle arrangement for spraying pigeonpea with the INV Sprayer. 

Figure 16. Trainee from Mali watching the independent planter and fertilizer applicator in operation on a 
Vertisol, ICRISAT Center, 1984. 

AW 
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Figure 16 shows a planter developed and 
tested at ICRISAT Center for sowing rainy-and
post,'ainy-seasoti crops. This unit has a simple 
light frame made f'rom hollow square and rect
angular steel scctio:is, and is supported onl two 
60-cm diameter steel wheels. Fertilizer and seed 
fall from a two-sectioned hopper onto the fur
row openers through telescopic tubes made of' 
plastic to mininize weight and corrosion. Each 
of the don hI-f'urrow openers can 'float', thIiis 
allowing a uniflorm depth of seeding on uneven' 
land, because they arc pivoted on a hollow 
square bar in the front of the planter. 

We tested the pla ntei's perforant rice sowing 
five crops groundrintt, nliiiie, sorghuin, pigeon
pea, and chick pea on an experimental scale, and 
its robustness anid flexibility on an operational 
scale. 

For all crops except chickpea, we achieved 
stand establi:Iinments close to tlie recoinmended 
plant populations (Table 27). At least 50"i of the 
plants were within the required spacing limits, 
and excluding hiickpea, over 75'(' were within" 
the limits of a 'good' spacing (Figs. I7a-e). The 
appreciable intlilher o 'plants %ith spacings two 
to three tirnes greater than the mean were causedby failure of 10-20';. of seeds to emerge. Theresults were not satisfactory for chickpea
because our sowing wasrate less than that
recommended, 

We tested the endurance of the planter hy
using it on an operational scale to sow large 
areas of land. We sowed 5 ha in the rainy season 
and 15 ha in the postrainy season with two 

-

Applying fertilizer (left) and seed (right) using an
attachment to the bullock-drawn Agribar, Vertisol
watershed, ICRISAT Center, rainy season 1984. 

machines. The crops sown were sole sorghum, 
maize, chickpea, and safflower, and a sorghum/ 
pigeonpea inte, crop. 

Table 27. Plant population achieved for five crops sown using a low-cost planter, Vertisol, ICRISAT Center,
postrainy season 1984. 

Crop Cultivar 

Population 
recommended 

(ha-i) 
Seeds sown 

(ha-') 

Population 
achieved 

(ha-') 
Groundnut 
Maize 
Sorghum 
Chickpea 
Pigeonpea 

Robut 33-1 
Deccan 103 
CSH 5 
Annigeri 
ICP 16 

330000 
60000 
180000 
330000 
50000 

370000 
59000 

270000 
317000 
83000 

317000 
54000 
180000 
272000 
59000 

http:Sstenl.vs
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Figure 17. Intrarow distribution of plants using the 

independent planter for a. groundnut, b.maize, 
c. sorghum, d. pigeonpea, and e. chickpjea. 
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The planter's overall performance was very 
satisfactory. It could sow one ha in 4 to 6 Itoil the 
BBF system. We will make further tests on an 
operational scale at our on-farm locations, 

We have prrp. red a complete set of engineer-
ing drawings of the planter, and supplied these to 
one manufacturer in India for limited produc-
tion. Machines from this manufacturer will be 
used for on-farm testing. 

Low-Cost Toolbar 

We initiated development of a simple toolbar to 
provide a cheaper alternative to the Tropicultor 
or Nikart for te SAT farmer. The resultant 
Agribar is lighter in weight (only 80 kg), simple 
in construction, al' easy to handle, but does not 
sacrifice the versatility of a WTC (Fig. 18). The 

i-nplements used with the Agribar are inter
changeable with those for the Tropic-tltor and 
Nikart. The operator can ride onl it, providing 
additio.ial weight to improve stability for heavy 
operations. 

Initial test results ofthe Agribar wer" given in 
ICRISAT Annual Report 1981. p. 248. Follow
ing endurance tests to identify the likely weak
nesses in the components, we made a number of 
small design alterations. The present design has 
been used continuously for the post-harvest field 
operations of plowing and ridging in the ICRI-
SAT Vertisol watersheds. 

We are also testing the Agri ha trnder different 
agrocliniatic conditions in \Vest \frica, where 
ICRISAT scientists are using ii for their field
scale experiments. At present, !-sting is limited to 
Mali, but will soon be extended to the ISC in 

Figure 18. Low-cost toolbar (Agribar) with two ridgers and a blade harrow, forming broadbeds on a Vertisol,
ICRISAT Center, 1984. 
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Niger. We also intend to test the Agribar in that the higher cereal yields with medium fertil
farmers' fields in India as part of our on-farm izer inputs in cereal/pigeonp-a intercrops did 
research. not cause a reduction in pigeon ?ca yields. Of the 

rainy-season legumes, soybean yields were again 
much higher than either niung bean or cowpea,

Cropping Systems for Different confirming sobean's considerable potential as a 
Soils high-yielding, rainy-season alternative to 

cereals. The response of legumes to fertilizier 
We continued operational-scale experiments inputs was much lower than that of cereal crops, 
initiated in 1982 to evaluate cropping systems confirming results in the previous two years. 
options for different soils in the research Considering the net returns (Fig. 19), 9 of the 
watersheds at ICRISAT Center. We used large II systems gave more than 3000 Rs ha-' with no 
plots (200-400 m-2), the WTC, and B13F system, fertilizer input. All pigeonpea-based intercrops 
so that we could assess operational feasibility; gave higher returns than sequential crops with
costs were calculated to assess economic viabil- out added fertilizer. With medium fertilizer 
ity. Two fertilizer levels were included as main inputs, 9 of the II systems gave net returns of 
plots in a split-plot layout, with tile different more than 4500 Rs hI-'. As in 1982, the soy
cropping systems as subplots; there were three bean/ pigeonpea intercrop again gave the high
replications. On all soils deep (1.5 im), est net returns with low and medium fertilizer 
medium-deep (1.0 in), and shallow (0.5 in) black inputs. Of the :;cquentil systcis, the soybean
soils, and Alfisols (0.5-1.0 inl)-- we compared the sorghum scq Iient ial crOp gave the highest 
two fertliizer treatments: 'no added fertilizer', returns. [he scsainum pigeonpea intercrop, 
and 60 kg N plus 12 kg P ha- . The systems being newly included this year, proved to be a good 
examined changed little from the two previous alternative intercrop option. Farly pigconpea 
years (ICRISAT Annual Reports 1982, p. 274 produced a very good yield in the rainy season, 
and 1983, p. 265). Yields and nlet returns are similar to that of soybean: but its ratoon yield 
given in Figures 19-22. was not satisfactory. Ibis could be a good alter

native pulse crop option for the rainy season, 
Deep Black Soils provided genotypes that mature still earlier (in 
Sesamuin was included this year in an intercrop 100 to 120 days) than the one used currently 
system (sesamum pigUonpea) 0,'cause of its (about 140-150 days) are available to permit
potential importance on deep black soils (partic- sequential, postrainv-season crops to be sown 
ularly for the more mu rginal-rainfall areas in before the rains recede in carly October. 
Karnataka). Ani carly pigcon pea (ICPI. 87) to I
lowed by ratooncd pigeonpea was also included Mediutn-l)eep Black Soils 
beca use of its promising perforina nce on deep 
black soi!s, as reported by ICRISA I-pulse ph- All the six cropping systems evaluated during 
siologists in recent years (ICRISA] Annual 1982 83 \\,ere further tested in 1983/84. We used 
Report 1983, p. 171). Ofl the II cropping systems three intercrop systems: sorghu l'pigeonpea, 
evaluated, five were intercrops and six sequen- maize'pigeonpea, and mnltlrg bean cotton, and 
tial crop systems, three sequential systems: sorghu in-click pea, 

Sorghum grain yields again exceeded maize sorghun-safflower, and iniing bcan-sorgh un. 
yields, especiallN without fertilizer (Fig. 19). An additional system this year was early pigeon-
Averaged over the sequential and intercrop svs- pea in sequentially cropped pigeonpea-sorghun. 
terns, sorghum yield was 1170 kg ha - I compared This was considered an improvement over the 
with 720 kg ha-1 for maize without fertilizer, and mung bean-sorghum system, because early 
2090 kg lia - i compared with 1780 kg ha-' with pigeonpea at high plant-population densities is 
medium fertilizer input. As in 1982 we found potentially much more productive than mung 
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(CP chickpea, Ci= chillies, Cop =cowpea, Eli 7 = early' pigeonpea, Mai maize, MB =mung bean, PP 
pigeonpea, SF =safflower, SM =sesame, Sor =sorghun1 . IC =intercrop. R-a ratoon, Seq =sequential crop)



-Figure 19. Net monetary returns (Rs ha") and grain yields (kg ha -') from indicated cropping systems ( I-IlI) grown 
on an operational scale on adeep black soil (Vertisol) with nil and medium fertilizer inputs, ICRISAT Center, rainy'
and postrainy seasons 1983. 

bean. However, during the year, early pigeonpea 

maturity wvas so delayed by thc mid-seasondrought that the sorghum could not be sown 

because the soil was too dry. We therefore 
ratooned the early pigeonpea at maturity to givea second harvM'st, 

As in the previous two years, the cereal/ pi-
geonpea intercrop and the sorghuma-chickpea
and sorghum-safflower sequential systems gave 
high returns (Fig. 20). High yield and high 
market prices for safflower this year made the 

sorghum-safflower sequential system the most 

profitable system with added fertilizer inputs.Without fertilizer inputs, the poor maize yield 

was not sufficiently compensated by improv'ed 
yield of the pigeonpea intercrop; the overall performance of the maize/pigeonpea intercrop was 

disappointing compared to that of the other 
three cereal-based systems. Returns from the mung bean/cotton intercrop and mung bean
sorghum sequential cropping systems were 
much lower compared to the four systems dis
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Postrainy-season yield (kg ha- ) 

Seq Sq Sq l" IK" I" Rat
 
)
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Nil 550 850 570 050 580 bi10 320 
Medium 1400 10(21)0 !281 810 860 860 351) 

(CP = chickpea, Cot cotton, EIlP early pigeonpea, Mai =maize, NI 11 mung bean. PP = pigeonpea, SF 
safflower, Sor = sorghum, IC = intercrop, Rat = ratoon, Seq = sequential crop) 

Figure 20. Net monetary returns (Rs ha-) and grain yields (kg ha-1) from indicated cropping systems grown on an 
operational scale on a medium-deep black soil with nil P.ad medium fertilizer inputi, ICRISAT Center, rainy and 
postrainy seasons 1983. 

cussed above. In contrast to the promising per- werc further tested in 1983/84. Four of these 
formance shown in earlier experiments at systems involved a medium-duration pigeonpea 
ICRISAT Center, early pigeonpea (ICPI. 87) (ICP 1-6) used as a sole crop in one system, and 
gave ratoon yields well below our expectations as an intercrop in three others. The remaining 
in this year's operational-scale evaluation. We two systems had mung bean intercropped with 
will evaluate early pigeonpea ratooning further either sorghum or castor. In 1983 we also evalu
in 1984/85 with ICPI. 87, and will explore the ated an additional cropping system, an early 
possibility of growing sorghum sequentially pigeonpea (ICPI. 87) ratooned to give a second 
after pigeonpea, using a shorter-duration geno- harvest. 
type than the one we used this year. This year the yields of most crops were good 
Shallow Black Soils because the seasonal rainfall was higher than 

normal and well distributed, which appears to 
All six cropping systems evaluated in 1982/83 have benefited most of the crops on this shallow 
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soil (Fig. 21); the only exception was groundnut, increased due to the large response by sorghumwhich was shaded by a very good growth of the following fertilizer inputs. The millet/ pigeonpea
associated pigeonpea. The sorghum/pigeonpea intercrop thanwa; much less remunerative
intercrop gave the maximum net returns under sorghum/ pigeonpca, particularly with fertilizerboth fertilizer regimes. With fertilizer inputs, the inputs, largely be ',,e of the lower yield of mung bean/castor intercrop also gave very' high millet. Ofall the intcicrop systems evaluated, thenet returns; but, without fertilizer, it gave a much mung bean/sorghum sy-lnem was the least prolower return, only half that of the sorghum/ ductive. The sole crop of med iumn-duration p~geonpea intercrop, because of the very low pigeonpea yielded 970 kg ha without fertilizer,
castor yield. Without fertilizer input, the net and 1100 kg ha-' wih fertilizer inputs But thereturn from the groundnut/pigeonpea intercrop performance of early pigeonpea was much below was similar to that of sorghum/pigeonpea, but our expectation. The combined yield from thethe return from the latter was markedly two harvests was only 1020 kg ha-' with fertilizer 
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(Cas =ca.or, EPP =erly pigeonpea, (iN =groundnut, Mil =pearl millet, M i =iung bean, PF' =pigeonpea, Sor = sorghum, IC = intercrop, Rat = ratoon) 

Figure 21. Net monetary returns (Rs ha-1) and grain yields (kg ha-') from indicated cropping systems grown on anoperational scale on a shallow black soil with nil and medium fertilizer inputs, ICRISAT Center, rainy and 
postrainy seasons 1983. 
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Nil 360 1250 1380 1120 1030 808 210 980 660 1130 840 430 1190 1370 
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-Postrainy-seaso n yield (kg ha I) 

Rel Seq Seq Rat Rat Seq IC IC WC W 1C IC IC IC 
Cas 11I Cop Cop ('as Cas 6N I)P 1)P P P1 ) ('as 

Nil 430 230 670 470 100 15) 98(1 6f) 470 390200 280 80 6 (40 610 
Medium 1080 520 700 530 430 140 480 420 270 1110 630 710 480 690 910 

(Cas = castor, Cop = cowpea, EPP early pigeonpea, (iN = groundnul, II(I = horse gram., NIil = pearl millet, M I- = 
mung bean, PP = pigeonpea, SM sesame, Sor = sorghum, IC = iatercrop, Rat = ratoon, Rel = relay crop, Seq = 
sequential crop) 

Figure 22. Net monetary returns (Rs ha-') and grain yields (kg ht-o from indicated cropping systems grown on an 
operational scale on an Alfisol with nil and medium fertilizer inputs, ['RISAT ('enter, rainy and poslrainy seasons 
1983. 

-added and 600 kg har without fertilizer. Thus, showed the potential benefit of intercrop sys
on this shallow soil, the early pigconpea did not terns for Alfisols. The system of early pigeonpea 
show any advantage over the medium-duration (ICPL 87) and its ratoon was also included. 01' 
type with fertilizer ii.puts and was, in tact, signif- the 15 systems evaluated, 9 were intercrop ss
icantly inferior without fertilizer. terns, 2 sequential, 2 ratoon, I relay. and I long

duration :ole crop (castor). 
Alfis !s The grain yield data shown in Figure 22 

further confirm our earlier results that the two 
In 1983, we included two new intercrop systems drought-tolerant legumes, horse gram (AMacro
(groundnut/castor and sesamum/pigeonpea) tohmla undilorum) and cowpea, could be grown 
because our results in the two previous years sequentially after an early pearl millet crop. In 
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1981, castor relay-sown after mung bean 
appeared to be a good double crop option, but in 
the following two years this system performed
poorly because the yield of castor was much 
lower than that ofa full-season crop (sown at the 
beginning of the rains). Allowing a rainy season-
sorghum crop or an early pigeonpea to ratoon 
was found to be .n inexpensive way to get a 
partial second crop, albeit a low-yielding one. 
The temporal complementarity of intercropping
systems continued to provide the basis for the 
best options:groundnut/castor and groundnut/ 
pigeonpea gave the highest returns, followed by 
the cereal/ pigeonpea and sesamum/pigeonpea 
systems. Yields of a sole crop of high-value cas-
tor were again very productive, as in 1982, such 
that only three intercrop systems gave better 
returns. As in the two previous ycars, response to 
added fertilizer was usually sma!! as a result, the 
most profitable systems with fertilizer inputs 
usually g,ve only a little better return than the 
most profitable ones without fertilizer inputs, 

Entomology 

Insect Monitoring 

We are continuing the regular monitoring of 
insects using light and pheromone traps and 
have started to analyze the accumulated data, 
particularly for Heliothisarnig('ra, in relation to 
environmental factors. One of the three ground-
level light traps was resited on top ofICR ISAT's 
50-m high water tower. We expect this trap to 
catch only high-flying insects that may be 
migrating.


In the 1983/84 season the populations of most 
insects in and around ICRISAT Centerap-
pcared to be lower than in most previous 
years. This was evident in the catches recorded in 
the Vertisol watershed light traps (Table 28). We 
are studying the factors that influence such sea-
sonal variatons in pest populations, 

The increase in the numbers of H. armigera 
moths from June to September each year 
appears to be remarkably censistent (Fig. 23).
But, after September, there is Lonsiderable year-

Table 28. Species ck.ight InVertisol watershed light 
traps, ICRISAT Center. 

Average previous 
1983/84 5years 

theliothis armigera 2326 17955 
Spodoptera litura 1569 5921 
Chilo partellus 6848 10850 

to-year variation in the catches. We now have 
sufficient data to embark on an investigation of 
the climatic and crop factors that are likely to 
influence such variation. 

In trap catch comparisons we found that the 
light traps tended to catch greater numbers of !. 
arnilgera moths when the nocturnal wind vcloc
ity was less than 5 km h. but the pheromone 
traps caught more when wind velocities ranged 
from 5 to 10 kin h-1. It is therefore evident that 
the trap catches will need to be corrected for 
wind speeds and other factors if they arc to be of 
real use in monitoring the populations of this 
pest. 

Natural Enemies of the Pests 

We have now completed our surveys of the para
sitoids of the major pests of our target crops. 
Twenty-seven insects and one nematode were 
identified as parasites of 11. arm,?qera (Table 29). 
Of these, Campohrtis 'hloriheae' is the most 
important, for it is found in It.armnqeralarvae 
collected from all its host plants and in every 
month of the year. This parasite emerges from 
the 3rd instar larvaeof 1.arm era and so kills 

the larvae before they are large enough to causemuch crop damage. Over the last 5 years we have 
observed that C. chlori 'ace killed 44% of the 
small H. armigera larvae on sorghum, 33% on 
millet, 33% on chickpea, 7% on groundnut, and 
4% on pigeonpea. Another hymenopteran 
insect, Tri'hogramntna sp is also important for it 
has been found in 34% of the HI. armigera eggs 
collected from sorghum o-er the past five years. 
Unfortunately this parasite is extremely rare in 
the 11. armigera eggs that are laid on pigeonpea 
and chickpea. Such parasitism differences ale 
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Figure 23. Monthly catches of Heliothis armigera in light traps (average of 3 traps), ICRISAT Center, 1977/78
1983/84. 

thought to be the major reasons why !1. armig- millet or groundnut on Alfisol. There were no 
era is such a damaging pest on pigeonpea and large, consistent differences in insect activity 
chickpea, but of relatively little concern on between the sole and intercrops for any crop. 
sorghum. However, 11. armigera was found to be much 

We have also collected information on the more damaging on crops grown on the Vertisol. 
predators of It. armiera.The 21 insects that we For example the pod damage in pigeonpea aver
have recorded as preying on 11. armigeraeggs aged 73% on the Vertisol and 35% on the Alfisol 
and larvae are listed in Table 30. In addition 
there are several other animals that feed on 11. Vertisol Watersheds 
armigera larvae, including several spiders and 
many birds. The quantification of predation Water Balances Under Alternative 
effects on insect populations is not easy. Of the Farming Technologies 
insect predators Delta spp appear to be the most 
common. Chr'sotmsppare also found occasion- Watersheds on Vertisols at ICRISAT Center 
ally in large numbers, particularly on cotton have been managed on an operational scale since 
crops. 1972, to compare the performance of contrasting 

management systems. We manage one 
Intercropping Studies watershed under the traditional system used by 

farmers in our area: we bare-fallow the soil dur-
Insect damage was monitored in sole and inter- ing the rainy season and grow a single crop in the 
crops. These involved pigeonpea intercropped postrainy season on stored soil watr. The 
with sorghum or maize on Vertisol and with improved system involves double cropping with 
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Table 29. Parasites that have emerged from eggs and larvae of Heliothis armigera collected from Andhra
Pradesh, Maharashtra, and Karnataka states In India, 1974-84. 

Insects 

Parasites of eggs 

Hymenoptera: Trichogrammatidae 
Trichograininachilon'is 
Trichogranmmasp 

Parasites of larvae' 

Diptera: Tachinidae 

Carceliai/iota 
Goniophthahnushalli 
Slurmiopsis iqferens 

Hymenoptera: Ichnetnionidae 

Barichneumon sp 
Enicospilus shinkanus 
lchneumon sp 
Afetopius rufus 
Xanthopimplu stemnator 

Hymenortera: Braconidae 

Apanteles sp 
Chelonus sp 
Microchelonuscurvimnaculatus 

Hymenoptera: Bethylidae 

Goniozus sp 

Nematode-Alerniithidae 

Ovonermis albicans 

I. Some of these parasites also emerged from the pupae. 

improved crops grown in both the rainy and the 
postrainy seasons. We now have hydrologic data 
from over 8 consecutive years; the long-term 
averages show that the improved system 
increases the percentage of rainfall used for crop 
production (from 30 to 67%), partly by reducing 
runoff (from 25 to 14% of rainfall). This lower 
runoff results in a reduced soil loss from 6400 to 
1500 kg ha-' a-' (Table 31). 

Trichograminatoideasp 
Trichogrammatoidea bactrae sp fumata 

Exorista xanthaspis 
Palexorista laxa 

Campoletis chlorideae 
Eriborusargenteopilosus 
J. Irochanteratus 
Temehcha sp 

Bracon sp 
Disoptir'vs sp 
Rogas sp 

Effect of Trampling Wet Vertisols 

We reported earlier (ICRISAT Annual Report 
1982, pp. 264-265) that trampling beds in the 
Vertisol BBF system could reduce plant popula
tions and grain yields in some postrainy-season 
crops. The trampling damage occurred when the 
surface soil was wet during harvest of the pre
vious rainy-season crop, and the sowing of the 
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Table 30. Insects recorded as predators of Heliothis armigera, ICRISAT Center, 1977-84. 

Order Family 	 Species 

Coleoptera 	 Coccinellidae Afenochihis sexinaculatus 
Dtrmaptera 	 Carcinophoridae Euborellia annulipes 

E stali 
Labiduridae Nala fiviidipes 

Dictyoptera Mantidae 	 ttumhertiella sp 

Hemiptera 	 Anthocoridae Orius maxith'ntex 
Lygaeidae Paromius graciis 
Nabidae Tropiconahis capsiforinis 
Pentatomidae Canithc'onitafircellata 
Reduviidae Catainiarusbrevillennis 

Ectrvchotes iis/ar 
Rhinocoris inarginatus 

Hymenoptera 	 Eunenidae Delta conoihus 

D. fpvrforme 
D. coinpattif'orlneesuriens 

Sphecidae Aphex argentatus 
Vespidae Polisteso/ivaceus 

Ropalidia marginata 
l''spa orientalis 
1'. tropica haemato()s 

Neuroptera 	 Chrysopidae C/r'rsopasp 

postrainy-season crop. the soil was sufficiently wet (about 35% wi w) to 
In the 1983/84 postrainy season we repeated become compacted by trampling if the harvest 

this experiment because the rains continued labor walked on the beds instead of in the fur
until mid-October 1983. l)uring the harvest of rows. \Vc sowed chickpea and safflower, grown 
rainy-season maize grown on the 11F system, as sequctltial crops after 1naiie. Our treatments 

Table 31. Annual water balance and soil loss (kg ha-1 ) for traditional and improied technologies in Vertisol 
watersheds, ICRISAT Center, 1967-77 to 1983-84. 

Water balance con-ponents 

Water Water lost Water lost as 
Annual used by as surface bare soil evapo-

Farming systems rainfall crops runoff ration and deep Soil loss 
technology (mm) (mm) (mi) percolation (mm) (kg ha-1) 
Improved, 904 602 (67)' 130 (14) 172 (19) 1500 
double cropping on BBF 

Traditional, 904 271 (30) 227 (25) 406 (45) 6400
 
single crop in postrainy season,
 
and cultivation on flat
 

I. Figures in parentheses are amounts of waler used or lost expressed as %total rainfall. 
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Table 32. Effect of trampling beds of the BBF land-management system on stand establishment (plants ha-1) and -grain yield (kg ha ) of chickpea and safflower, ICRISAT Center, postrainy season 1983/84. 
.
Stand establishlent (101plants ha- 1) Grain yield (kg ha-) 

Treatment Chickpea 

Normal beds 216 

Trampled beds 148 

SE ±33.9 

were: avoiding beds by confining traffic to the 
furrows (normal), and allowing traffic on the 
beds (trampled). Trampling significantly 
(P.0.05) reduced grain yields of both chick pea 
and safflower (Table 32), thus confirming our 
earlier observations, 

Fertilizer P'lacement 

We commenced operational t'st irg ,n the 
effects offertilizerplacement x\ithin theseed row 
on a Vertisol inrtile 1983 rainy season iCR ISAT 
Annal Report 1983, p. 268), and continued 
these in tile stibsequrenit Postrainy and rai ny sea-
sons (1983 84) using sorghun asa test crop. The 
2 methods of placCimCIlt compired fertilizer 
placed either ivi the seed ro\s,or5 cm to oneside, 
and 5 cm below tile seed 
nitrogen rates, 60 kg N ha 
50% of which was applied 

fertilizer sources. 18-46-0 

r-w. We tested two 
arid 120 kg N ha-I, 

at seedinrg arid foir 

(diariiioriini phos-

Safflower Chickpea Safflower 

96 2330 1510 

70 1940 1110 

±9.6 ±33 ±66 

phate), 28-28-0 (amnionium phosphate), single 
stIperplosplate, and urea. 

For all field operations we used the \VTC with 
a foIr r-row planter to seed and apply fertili/er. 
Fach plot had three broadheds, 60 i long. The 
fertilizer drill applied fertilizer within a 10 

illargini of its calibrated rate. 
Results for sorghu inin the 1983 84 postrainy 

season (lablc 33) showed that fertilizer place
1meni in tile seed row increased grain yield (P 

0.10) but did not aflect plant height 35 I)AF. 
During the 1984 rainy season. firial grain yields 
were similar for tile two placeniet treatments 
(lable 33). Thus froi three seasons" data [or 
sorghtl on Vertisols, we Conclde that the 
applicvtlion of*aly of the above sources fffertil

-ier to supply Upto 60 kg N ha in tile seed row 
dtOLs riot have an adverse effect onl plant estab
lishrnrt and growth, btt may give greateryield. 
We are simplifying the design of a flrrow opener 
for tileplanter. 

Table 33. Effect of fertilizer plac;::n!-!, tlait height (cii) (luring the vegelative stage, and grain yield (kg ha-') of 
two sorghuma- cultivars' grown on Vertisols, 1" ISAT ('enter, postrainy season 

Postrainy season 1983 84 

Plant bright
Fertilizer at 35 I)AI- Grain yield 
placement (cm) (kg ha-') 
Within seed row 27 1300 

Below and to one side of seed row2 26 730 

SE -2.3 ±270 

I. CSH 8 in postrainy season 19831/84 and CSIt 6 in rainy season 1984. 
2. Diplacement 5 cm in each direction. 

1983/84 and rainy season 1984. 

Rainy season 1984 

Plant height 
at 31 DA[ Grain yield 

(cri) (kg ha-') 

15.1 4300) 

16.5 43t)0 

±0).43 ±310 
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Evaluation at National was applied to all crops, and afurtic! 62 kg N 
ha-' was topdressed on the nonlegumes. Eco-Research Centers nomic plant protection was used against castor 

semi-looper (A4haeaanata)and pigeonpea pod 
Talod, Gujarat borer (Heliothis armigera). Due to rainfall (;132 

mm) well above the normal (700 mam) during the 
During 1983/84, we continued an experiment growing season, we encountered some disease 
initiated in 1982 in collaboration with Gujarat problems in pearl millet, sorghum, and ground-
Agricultural University, to evaluate the perfor- nut. As a result, the yields of these rainy-season 
mance of alternate cropping systems for light crops and those of mung bean and sesamum 
sandy soils at Talod research station in Gujarat. were low, but the ci'o)ps that extended into the 
This experiment examined 20 cropping systems, postrainy seoson, such iscastor and pigeonpea, 
comprising either sole crops or intercrops in a produced very good ylLds (Fig. 24). 
randomized block design with four replicatiois. Net monetary retut (1: of some of the systems 
Basal fertilizer at 18 kg N ha-' and 20 kg P ha-' tried are given in Figure 24. Although sole castor 

6000 

0 

tn
 

L 

(U4000-
LL 

o 2000

-f

0 

E 
0 

4
0 

1 2 3 4 S 6 7 6 9 )a 13 12 13 14 

Cropping system
 

1 2 3 4 5 6 7 8 9 10 II 12 13 14 
Fertilizer 
rate Rainy-season yield (kg ha-I) 

Mil GN Cas Mil/ Mil/ GN/ MB/ Gu/ SM/ Nili NMll/ Sor/ GN/ SM/ 
sole 

870 700 1020 990 610 310 1250 400 780 340 380 700 290 
-Postrainy-season yield (kg ha ) 

IC IC IC IC IC IC IC IC IC IC IC 
GN Gu Cas Cas Cas Cas PP PP PP PP PP 

1540 630 1800 530 I !,) 980 940 1400 1340 2060 1430 1270
 

(Cas =castor, GN =groundnut, Gu =guar, Mil =pearlmil1ct, MB= mung bean, Pll =pigeonpea, SM =sesame,Sor 
=sorghum, IC = intercrop) 

Figure 24. Net monetary returns (Rs ha -1)and grain yields (kg ha-') from indicated cropping systems grown on an 
Entisol, Talod, Gujarat, rainy and postrainy seasons 1983. 



288 Farming ystenzs 

gave the highest net returns, there were several 
intercrop systems, such as guar or cluster bean 
(Cranopsis teIragonoIoha)/castor, sesamum/ 
castor, sorghum/pigeonpea, and groundnut/ 
pigeonpea, that all gave comparably high 
returns. Out of the 20 sole and intercrops exam-
ined, 10 gave net returns over 4000 Rs ha -'. Six 
of the 10 intercropping systems had yield advan-
tages of more than 60% over the sole crops; 
intercropping therefore enabled one and a half 
crops to be grown instead of one. These results 
further emphasize the importance of intercrop-
ping systems in increasing the cropping intensity 
on light soils by combining short-duration crops 
such as pearl millet, sorghum, groundnut, or 
scsamunm with long-duration crops such as
pigeonpea or castor. 

Transfer of Technology-

Deep Vertisols 


On-flarm evaluations of our improved farming
systems for deep Vertisols began at one site in 
1981, and have since expanded. In 1984 tests 
were conducted at 28 locations involving 1406 
farmers on 2122 ha. These evaluations away 
from ICRISAT Center are conducted with var-
ious combinations of' the component sub-
systems that comprise the technology. But the 
underlying principle remains the same: two 
crops are grown where only one grew before, and 
earlh of tire two improved crops is more produc-
tive than the single traditional crop. 

The major components directly contributing 
to improved productivity are improved cropping 
systems (often using improved cult ivars), and 
nutrient inputs. Other optional components 
whose full contribution can be difficult to evalu-
ate, include seedbed preparation during the non-
cropping dry season; dryseeding crops just 
before the onset of the rainy season; use of B13Fs 
to improve drainage and thus reduce waterlog-
ging, while minimizing soil erosion; sowing 
crops in rows to allow passage of wheeled imple-
ments that can facilitate side-dressings of nitro-
genous fertilizer; intercultivation to control 

weeds; and the use of insecticides. Many of these 
components are optional; and for many of the 
options, several variations exist-to be applied 
in various ways at various locations. 

Although the target area for the improved 
system is fairly well defined and homogeneous, 
i.e., deep Vertisols under assured rainfall (about 
800 mm or more each year), we know that some 
components of the system will vary in impor
tance across this area, and that modifications to 
these components may be desirable. 

Stages in the transfer of this technology 
involve several approaches. 
* ICR ISAT staff test major options of the sys

tern in farmers' fields at selected benchmark 
sites. 

o We conduct detailed replicated experiments 
adjacent to these benchmark locations to 
determine modifications in various compo
nents of the system. 

e National programs then evaluate the technol
ogy at a large number of locations. 

Benchmark Locations 

Our three major locations outside ICRISAT 
Center are: Taddanpally, 40 km from ICRISAT 
Center but with almost identical soil and rain
fall; Begumganj, 1000 km north northwest in 
Madhya Pradesh, where the annual rainfall is 
considerably higher ( 1000 min), and where the 
postrainy-season cereal was traditionally wheat 
not sorghum: and Farhatabad in Karnataka, 200 
km west and juest outside the delincated area of 
assured rainfall, therefore providing a test for 
the technology's flexibilit.. 

In earlier years we obtained very similar 
results at Taddanpally to those from operational 
research at ICRISAT Center (ICRISAT Annual 
Reports 1981, pp. 294-296; 1983, pp.279-281). 
We have now discontinued active participation 
at this site, so that we can observe the options 
chosen by farmers, without any p iidance from 
ICRISAT staff. 

Our second benchmark site, Begumganj, gave 
very encouraging results (Table 34), especially 
when compared to those from 1982/83. 



Farming Systems 289 

Table 34. Economic evaluation of the improved watershed-based technology options on deep Vertisols in the 
Begurnganj watershed, Madhya Pradesh, India, 1983/84. 

Opera-
Land Propor-. Gross tional Gross Yields (kg ir') 

and water tions returns costs profits No. of 
-

Cropping systenms management grown (Rs ha-')' (Rs ha') (Rs ha 1) Crops Grain Fodder plots 

Improved cropping systems, improved land management 2 

Soybean/pigeonpea 

Soybean/pigeonpea 

Soybean-wheat 

Soybean-chickpea 

1113F 

Flat on 
grade 
B13F, Flat 
on grade 
Flat on 
grade 

60 

5 

22 

13 

5036 

4507 

5378 

4877 

2310 

2172 

2261 

2532 

2726 

2335 

3117 

2345 

Soybean 
Pigeonpea 
Soybean 
Fligeonpea 
Soybean 
Wheat 
Soybean 
Chickpea 

1013 
478 
830 
476 

1078 
969 
850 
709 

1000 
1000 
800 

1500 
1100 
900 

1000 

8 

I 

1 

I 

Weighted averages 5064 2321 2743 

Improved cropping systems, traditional land management2 

Soybean., pigeonpea 

Soybean-wheat 

Traditional 

Traditional 

20 

50 

4584 

3888 

1497 

1488 

3087 

2400 

Soybean 
Pigeonpea 
Soybean 
Wheat 

654 
679 
739 
773 

600 
1000 
700 
700 

3 

3 

Soybean-chickpea Traditional 30 4690 1781 2909 Soybean 
Chickpea 

550 
980 

500 
-

I 

Weighted averages 4268 1578 2800 

Traditional cropping systems and land managenent2 
Fallow-wheat Traditional 60 1315 
Fallow-chickpe Traditional 40 1665 
Weigh!cd averages 1455 

914 
937 
923 

401 
728 
532 

Wheat 
Chickpea 

664 
555 

600 
-

3 
3 

13 

Prices of produce used Grain Rs/ /00 kg Fodder Rs/ /00 kg 
for calculating Soybean 300 Soybean 20 
gross returns are: Pigeonpea 350 Pigeonpea 12.5 

Wheat 18) Wheat 20 
Chickpea 300 

2. Data refer to 14.7 ha of watershed under improved land management, and 9.2 ha under traditional land management. 

Improved cropping systems based on double- some benefits of the improved land

cropping gave gross profits of about Rs 2700, or management opticns that are difficult to quan

almost five times more than tie Rs 58(0 from th tify. Timelines; is one example: the drainage of 

traditional single crop of wheat or chickpea in the land can, in some years, determine whether a 
the postrainy season. In 1984, there was little crop is established; weeding can be satis

measured effect of the improved land- factorily accomplished; or fertilizer applied. 

management system on economic returns, but Costs of production were higher than expected 



290 Farming SIstenjs 

in both 1982 and 1983, because of the limited 
success of dry seeding, and a resultant need for 
gap filling and aoditional cultivation for weed 
control.

Our results from Farhatabad in 1984 were 
disappointing, but in line with our original con-
cept, this site lies outside the area demarcated as
having assured rainfall in the rainy' season. In 
1983, the rainy season started late so that crops
were dry-seeded too far ahead of tlie rains, and
failed. Also, the rainy season did not last long
enough for double-cropping, but we did get two
positive results. The BlIP system :,ppears to
assist infiltration of rainfall into tne soil. And,
after preliminary insect-control trials using tile
CI)A, suitably modified for mounting on a
WTC or bullock cart, it was adopted at once by
farmers, to the extent that tile original was
copied by them and matitfacturecd in the village,
In an area where sole pigeonpea is a coimon 
crop, control of Heliothis al,q''a is crucial to
its success. Farmers are aware of this need, but
had been applying too much insecticide. lBy
developing simple rules to guide them in a 
'spray/ no-spray decision'. we have shown themhow to reduce the number of sprays from 6-7 to 
2-3 per season, with consequent substantial 
Sav'ings.Crop 

National Programs 

EnC')iragcd by the 1982 results at our Farha-

tabad 
 site, the Department of Agriculture in
Karnataka tested our technology in the districts 

of h3elgaurn, Biellary, 13idar, Dlharwad, (uIl-

barga, and Ralichur during 1983. The total area 

under the improved system 
was 227 ha, and tlie
Department has prepared plans for further 
extension during 1984 to a surveyed area of 1354 

Implementation of the technology has been
highly successful primarily due to the versatility
employed in its application. Although many of 
the sites used to test the improved system lie 
outside the delineated area of assured rainfall,the farmers and the Department of Agriculture 
exercise considerable selection and modificationof the options present in the technology. For 

example, some rainy-season fallowing will con
tinue in this area solely to conserve water for a
postrainy-seasoi sorghum crop where rainfall is 
marginal. However, the 13F land-managementsystem seems to be well received bv the farmers 
because it assists water infiltration into the soil in
the drier locations. Modifications include 
increasing the width of t lie broad beds depending 
on soil texture and annual rainfall.
 

In Maharashtra the 
 State Department of
Agriculture selected 5065 watersheds for future 
watershed-based dryland agricultural develop
mcnt, and initiated developmcnt on 1198 ha dur
in,, 1983. The improved technology gave good
yield increases, e.g., 6-200% for cotton, 10-124%
for sorghum, I1-100% for mung bean, 21-200% 
for pigeonpea, and 28-425(' for pearl millet. The 
variability in these yields was mainly because 
some locations had insufficient or undependable
rainfall. The l)cpartment of AgricuIture intends 
to proceed with rainfall-probability analyses for
the various locations to help formulate its plans
for testing our technology over 1900 ha in the 
1984/85 season. 

Adaptive Component Research 

Combinations 

Each year, we have tested a large number ofcropping systems' options in replicated experi
ments on a state seed 
 farm, adjacent to the

watersheds at Farhatabad and hiegurnganj, that
 
encompass the farmers' operational testing of a

smaller number of crop combinations. This year

at l3egumgan. we achieved much higher prodtic
tivity and economic retturiis from systems based
 
on rainy-season cereals than 
 in the previous 
year, mainly because tle early rainfall was better 
distributed, thus allowing weeding and a secondapplication of nitrogenous fertilizer (Fig. 25).

Our parallel experiment at Kotnur, a site near
the Farhatabad watershed, failed because of the 
delayed onset of the rainy season. 

Cropping-Entomology Studies 

We continued on-farm monitoring of insects and 
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Rainy-season yield (kg ha-1) 

Sill- SIi2- S11211- Sill- Sill- S112- Sill Sill Si2 MZI %iZl- MZ2- IZI- MZ2- MZ2- Ial- P1 Sor 
1806 2192 1619 1956 1() 2008 1619 161 250 7983 7797 6576 8(144 7417 (434 1783 2667 

IC IW 

MZ!- .|Z2

7201 7492 

Post rainy season yield (kg ha 3) 

Seq Seq Scq Seq Seq Seq IC Seq Seq C Seq Seq Seq Seq Seq Rat IC 
Whi Wht Wht Ci1 SF S[ I'l' Cl' ('1 I'll Wht Wht ('1' C' S: Wht I' P1' 
2400 2422 2561 1717 1072 1192 1106 172S 1744 1367 2039 2144 1806 1378 1039 2275 790 1133 

(CP=chickpea, MZI =late maize D101, MZ2=early maize Ganga 5, 1PPzpigeonpea, SF.afflower, SBI =late 
soybean JS72-44, $132 =early soybean JS-2, Sor 7sorghum, \Vht =wheat, Fal = fiallow, II herbicide, IC = intercrop, 
Seq =sequential crop) 

Figure 25. Net monetary returns(Rs ha-') and grain yields (kg ha i- ) from indicated cropping sivstems grown under 
the broadbed-and-furrow (BBF) land management system on a deep Vertisol. Begumganj Seed Farm, Madhya 
Pradesh, rainy and postrainy seasons 1983/84. 

their natural enemies and training farmers in soybean the girdle bcatle (Oheria revis) caused 
pesticide-application techniques at Narayan- relative!y less danage this ,car. thlio'lhisarmig
kl.ed, Farhatabad, and Begumganj. era was of little importance on sorghum, \%,here 

the peak population recorded was 7.3 larvae! 100 
Pests and their Parasites heads, and on naize where there w\'ere 6.0 lar

vae/ 100 cobs. 
Insect damage on the rainy-season crops was On pigconpea the peak 11. armtiera infesta
generally low. Less than 2% of the sorghum tions during October-November averaged 18 
plants had deadhearts caused by shoot fly(Ahe- (±5.4) eggs and 4.0 (±0.4) larvae plant-' at 
rigona spp) and stern borer (Chilo partellus). On Narayankhed, and 17 (±7.8) eggs and 4.2 (±0.73) 
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larvae plant-' at Farhatabad. At Begumganj, courses, attended by a total of 206 participants. 
where flowering started in December, we found I he courses were designed for staff from the 
only 0.5 (±0.17) eggs and 1.1 (±0.10) larvae Departments of Agriculture of Madhya Pra
plant-'. At Begumganj the 1!. armigera popula- desh, Tamil Nadu, Andhra Pradesh, and Kar
tion on the chickpea crop was relatively higher nataka. The courses lasted from 2 to 9 days, and 
than at other on-farm locations, were principally of two types: supervisory, for 

Campoh(tis chloridhaewas the most common the senior officers ofthe State )epartments, and 
parasite of 11. armnqera at all locations, being practical, for agticultural officers working in tile 
found in 63% of the small larvae (I st-3rd instar) field. 
collected from sorghum, and in 42% of larvae 
collected from maiie. This parasite was also Routine Soils Laboratory 
common in larvae collected from chickpea at 
Begumganj, and from pigeonpea at Naryanklied iDuring 1984 we completed 61 500 analyses in tile 
and Farhatanad. ILarvae collected frot pigeon- routine analytical laboratory, about 20% more 
pea at tlegumganit were not parasitied by (. than tile average for the past 5 years. 
chloridae but by triborus argeenil)j/()sa. [he We had previously tested simplified methods 
most common parasites ernerging from the large to determine the potassium content of plant 
I armhera larvae that we collected were tie tissue. These involved potassiun determination 
dipteran species Carelia illota and Goriolph- by either an atnmoniti , acetate/magnesium 
tha/nes halli. Htowever, larval parasitism by acetate mixture, or by dilute hvdrochloric acid. 
these flies did not exceed 5('. Both are much simpler than tie conventional 

tri-acid digestion method, and should theoreti-
Plant Protection cally be equaNl effective because potassiitm is 

not a constituent oft lthe plaint's Structural corlipo-
The deep Vertisol technology-verification trials nents. Early evaluattions were made on dried 
were protected by insecticides where pest counts plant tissue, but we Ive since used the rnethod 
indicated that their use was necessary. l)erion- on grain samples because the different texture of 
strations of the CDA in use were highly efcctive, these may alter extra availability of potassium. 
and consequently some farmers in Farhatabad Table 35 shows that the simple arnd rapid HCI
purchased CI)A equipment to replace their con- extraction i method is also LIuite adequate for 
ventional sprayers. A video film on tile Coitrol grain saniples: because his method i:tch 
of pigeonpea pod borer', produced by I(CRI- simpler than the others, we use it whenever sam-
SAT, has proved popula r in training sessions for pies dor not req uire dige,,,ion. 
extension workers and farriers. 

We mounted a spray boom incorporating 3 to n 
5 CDA units on a Tropicultor (Fig. 26) tnd International Cooperation 
found it convenient and effective for spraying 
pigeonpea at ICRISAT Center. We will test this Resource Evaluation in Africa 
assembly in f-. rniers' fields in the coming season. 

Agrorneteorology of Burkina Faso 
Training Courses 

In cooperation with the national Meteorological 
We hold training courses at ICR ISAT Center so Services of Burkina Faso, we assembled and 
that officers of State Departments of Agricul- analyzed data oii long-term daily rainfall, 
ture can become more familiar with various temperature, potential evapotranspiration, and 
aspects of our technology before they plan and water balance for 130 locations in 1Burkina Faso. 
execute projects in the appropriate areas of their We have computed the annual, seasonal, 
states. In 1984 we spent 36 days on training monthly, and decadal (10-day period) rainfall 
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Table 35. Precision of the ltCI-extraction and tr-acid digestion methods for determination of K (%) in grain
samples. 

K content (%)t
Crop Method Range Mean SE 
Chickpea HCI extraction 0.94 - 0.98 0.96 ±0.013

Tri-acid 0.94 - 0.97 0.96 ±0.016 
Pigeonpea IICI extraction 1.65 - 1.68 1.66 ±0.011 

Tri-acid 1.61  1.65 1.63 ±0.017 
Sorghum 1tCI extraction 0.50 -0.53 0.52 10.013 

Tri-acid 0.50 - 0.55 0.53 ±0.022 
Pearl millet HCI extraction 0.65 - 0.67 0.66 ±0.006Tri-acid 0.63 - 0.64 0.63 ±0.005 
1. Based on five indepenlent arialyses. 
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totals for each location and prepared maps of from the prerainy, rainy, and postrainy seasons 
rainfall variability across Burkina Faso. The fre- over five decades to show the regional patterns in 
quency distribution of the mean annual rainfall rainfall probabilities. We identified the follow
at thes, locations (Table 36) shows that about ing regional patterns from the calculatcd 
55% of the stations fall in the 800-1200 mm probabilities: 
frequency class. Average rainfall for these loca
tions is 831 mm, with a CV of 23%. In mid-May, the probabilities of receiving 
The improved delineation of the geographic even 10 mm o,"rainfall are low in the Sa helian 

distribution of mean annual rainfall in Burkina Zone, whilst in Zile southern Sudanian Zone 
Fa,,o (Fig. 27) allows a better delineation and the probabilities exceed 70% (Fig. 28). fly late 
si.hdivision of the climatic zone:;: June the probabilities increase to 90t: in the 

northern Sudcanian Zone, but lo not reach 
I.Sa helian Zone, with less than 650 mm rainfall this level in *tile Sa helian zone till late Julv. 

of high variability in distribution and a short t 
rainy season: extends north of the 14'N he probabilities of receiving 3t mm or m,, 
latitude, rainfall during .lulv anti Augist when crops

reach active vegetative growth ire Ihigh in the 
2. 	Northern Sudanian Zone, between tile 650 south.rn Sudanian Zone, but low in the Sahc

mm and 1000 tm isohycts and with a rainy lian Zor"e, which is in agreent with the 
season shotter than six :nontl:h: extends known rik for high-vahIc crops or crops with 
between 11030 ' and 14'N latitude. high water requirement. 

3. 	Southern Sudanian Zone, with greater than e Our calculations of expected amotnits of rain-
IOU mm mean annual rainfall received over fall at specified probabilities of 25,50,75, and 
about half of the year, extends south of the 90', show that only locations in tile ,otthern 
I I'30'N latitude. Sudanian Zone have a.high potential for 

assured cropping. North of the thirteenth 
We computed the probal;litics of rccei ing parallel the expected rainfall is low. 

10, 20, 30, 40, and 50 nn rainfall inla given 
decadal period, using NIarkov chain probabilities. Inthe southern Sudanian Zone during the dry 
Twenty-five maps ha ve been prepa red usi rig data season, the mean nmaxinuim temperatures vary 

between 33 and 370C aind the mean minimum 
teruperatures between 17 and 25°C. l)uring the 

Table 36. Frequency distribution of tot iI annual rainy season te mean niaxinun temperatures 
rainfall (rm) for 130 stations inBurlrina C'asor. range between 29-34"C and tl,: mean nininitm 

Annual rainfall (nini) Stations % of total rainfall tcnperattires are around 21'C. Inthe orthern 
400 - 500 53.8 Stdalian Zone. the lmCant nmaximum air temper

atures during tile rainy season are aboit 30-36°C 
500- 600 13 10.0600 - 700 17 10.1 wHile tile mean miniin urn tenperatures; vary
700 - 800 22 16.9 between 20-25'C. In the Saliclian Zone. the 

800 - 900 23 17.7 diurnal variation in temperature is markedly 
900 - 1000 25 19.3 higher (15-20°C) during the dry season than drir

1000 - 1100 13 10 0 ing the rainy season (8-100C). 
1100 - 1200 10 7.7 Using the precipitation and potential evapo
1200 - 1300 2 1.5 transpiration data for eight locations, wc corn-

Total 130 100.0 puted the decadal available soil-rnoisture 
sorage and the length of the growing season 

I. 	 Mean annual rainfall 831 mm; SD = 189 ram; CV 23 using the Commonwealth Scientific and Indus
(%). 	 trial Research Organization (CSIRO) water

http:south.rn
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Figure 28. Probability (%)of receiving 10 mm or more 

balance model. rhe length of thcgrowingscason 

varies irom 90 days iit )ori (Table 37) to 210 

days at (iaona, with 200 mm water-holding 
capacity. At Dori and Otnahigonya soil-
moisture availabihlty will support only a short-
duration crop of millet, 

Analysis of Rainfall in Malawi 

ICRISAT has recently commenced ai intensive 
groundinut improvement program in Malawi in 
cooperation with the Southern African l)evel-
opment Coordination Conference (SAI)CC) 
counIItries. To complement this work, a detailed 
agroclirrratic description of Malawi is being
made in cooperation %%ilih the Malawi Meteor-o-

1o0 --------------0
 

'hF. of (r'~ w c
 

rainfall from II to 20 May in Burkina Faso. 

logical etrvices. \ conipiledl rainfall data for 
140 locatios; and commenced computer ana
lyses of'annnal, mtothly, and seasonal precipita
tion. hledata for five selected stations located in 
the gronndnnt-growing hell (Fig. 29) illnstrate 
the variation across the couintry ([able 38). 1lhe 
average total anlnual rainfall at these 'ive loca
tions varies from 800 to 1200 miln and most 
90(')of the rainfall is concentrated into a well
defined rainy season extending from November 
to Ma rch. The months Ma' to S epteniber 
receive little rainfall. 

Our analyses to determine tile aillouints of, 
rainfall expected at different probabilities 
involve fitting a (ammna-distribution ciurve to 
the data. We rise the expected 1iioulnt of' rainfall 
at 75(7 probability as our criterion of depend
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Table 37. Annual rainfall in 1984 and predicted length of the growing season (days) for soils with water-holding 
capacities of 100 and 200 mm for eight stations in Burkina Faso. 

Annual Soil water-holding length of growing 
Station rainfall (m) capacity (nun) season (days)' 

Gaoua 1240 	 100 200 
200 	 210 

Farako-IM 1080 	 100 170 
200 	 180 

Bobo-Dioulasso 1076 	 100 160 
200 180 

Boromo 960 	 100 160 
200 170 

Fada N'Gourma 863 	 100 150 
200 150 

Ouagadougou 774 	 10O 150 
200 	 150 

Ouahigouya 689 	 1(X) 110 
200 	 130 

Dori 505 	 100 90 
200 	 90 

I. Rounded off to the nearest 10 days. 

Table 38. Mean monthly and annual rainfall (mm) at five sele,!ed locations in the groundnut-growing belt, 
Malawi'. 

tovoation 

Month llvumbwe Salima Mchinji 	 iolna ('hited/e Nsanje 

January 259 298 239 229 158 
February 217 234 217 182 145 
March 183 248 181 132 132 
April 117 69 68 47 45 
May 20 12 9 8 12 
June 23 3 2 2 16 
July 17 I I 1 13 
August 12 0 2 I 9 
September 7 0 2 2 8 
October 24 5 19 5 17 
November 101 30 107 77 84 
December 221 212 207 194 150 

Annual 	 1201 1132 1054 880 789 

I. Based on 58, 30, 26, 41, and 33 years of rainfall data for Mchinji Iona, Chitedze, Salima. Nsanje, and Bvumhwe respectively. 
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Figure 29. Location of five stations selected for 
rainfall-data analysis in Malawi. 

able rainfali. About 80c'. of the mean annual 
rainfall is dependable. Rainfall at all locations is 
fairly dependable during tile growing season,
which exceeds 140 day;, and is 184 days at 
Bivumbwve and Bonla.Mchinji IH\'owever, less 
than 20 mm rain can be expected during the 

postrainy season. Crops maturing in this period 
mainly depend oil soil storage for their moisture 
(Table 39). 

Component Research: ISC 

Agroclimatology: nultilocational 

Water-Balance Studies in Niger 

In cooperation with the National Meteorologi
cal Services of Niger, we initiated water-balance 
studies at three locations in Niger: Sador6 (IS(7),
[)osso, and C(ava. We grew pearl millet at 

nd.at I)osso' (aiaya,where tile lnill
iiri i 

.annual rainfall is 839 mam, the crops included
sole crops of pearl millet, sorghium, mai/e, and 
groundnut, and intercrops of millet groutidniut 
and millet cowpea. We applied N, 1, and K at 

20. and 25 kg ha I or no fIertili/er: bare soilwas anl additional treatment. We mollitored soil 
t: 10-15 day interals throughout the

growing seasol, and Illeasured dry matter and 
I.AI at regular interxals. 

At all three locations, r+vinf;all in 1984 was 
c/r'siderah, lower than the norl (Table 40).
At'Sadort, the millet crop established well with 
moderate rainfall at the end of May and early

but it suffered severely from drought stress 
due to low rainfall in August and September. Atl)osso, .July and August rainfall was well below 
normal, btt good rain in September helped the 
an.millet crop. At G ya, 11laie and sorghun failed 

because of insufficient rain early in the season:
 
____nillt in till sole crop as well as intercrop w's
 
pot,., but 
 late rains in September allevia:ed the
drought stress. 

I)ry-matter distribution in different plant
colponents at Sadore ( Fig. 30) shows the good 
establishment of ilillet in early .1une coatributed 
to vigorous early growth which continued till 
rind-August (70 P,.1). SCbsequent lack of rainled to loss of Ory matter. especially the stem 
component. Fertiliter treatments significantly 
increased dry-iatter accunulation. 

At IDosso. lower rainfall in .1111y and A ugust
(Table 40) led to slower early growth (Fig. 31) 
thai at Sadorc. IHowever. above-nornial rainfall 
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Table 39. Minimum amounts of seasonal rainfall for each of fourdifferent probabilities for five selected locations 
in Mulawi'. 

Length of 
growing 

Mininiutn amount of 
rainfall (nun) expected Mean 

season2 
Probability (%) rainfall 

Location (days) Season - Dates 90 75 25 10 (mim) 

Bvumbwe 184 Dry 7 May- 7 Oct 2F. 45 104 142 79 
Prerainy 8 Oct- 4 Nov 4 9 37 58 26 
Rainy 5 Nov-22 Apr 665 821 1252 1488 1054 
Postrainy 23 Apr- 6 May 0 4 58 123 44 

Mchinji Borna 184 Dry 7 NMay-21 Oct 2 5 26 44 18 
Prerainy 22 Oct- 4 Nov 1 3 23 42 16 
Rainy 5 Nov-15 Apr 707 827 1142 1307 994 
Postrainy 16 Apr- 6 May 2 6 39 69 27 

Chitedze 163 Dry 30 Apr-28 Oct 3 6 26 43 18 
Prerainy 29 Oct-18 Nov 3 10 46 77 32 
Rainy 19 Nov- I Apr 477 599 942 1132 785 
Postrainy 2 Apr-29 Apr 8 17 63 -)8 45 

Nsanje 156 Dry .0 Apr-21 Oct 29 43 89 118 69 
Prerainy 22 Oct-25 Nov 8 22 106 176 76 
Rainy 26 Nov- 8 Apr 393 483 733 869 618 
Postrainy 9 Apr-29 Apr 3 9 39 63 27 

Salima 142 Dry 23 Apr-18 Nov 3 10 59 102 42 
Prerainy 19 Nov- 2 Dec i 5 37 67 26 
Rainy 3 Dec- I Apr 574 742 1226 1499 1007 
Postrainy 2 Apr-22 Apr I 7 78 158 58 

I. Based on 33, 58, 30. 26, and 41 years oI rainiall lvu bwe, Mchinji BHnma. Chited/c. Nsanjle, aid Salinta.data for 
2. Growing season = Rainy plus postraitnv seasons. 
3. Seasons are considered as dry, prerainy, rainy', aid postraity when the probability of getting at least 10 m1m of rainfall is0 to 

15"j,
15 to 45cj. 45 to 100";, and 15to 4.S'j. 

Table 40. Actual monthly rainfall (mam), compared to normal at three locations, Niger, 1984. 

ISC, Sador6 Dosso Gaya 

Month 1984 Normal 1984 Normal 1984 Normal 

May 44 35 46 39 45 65 
Jun 42 77 105 77 52 121 
Jul 91 143 50 149 99 190 
Aug 57 198 58 220 93 257 
Sept 26 89 123 107 140 156 
Oct 0 17 0 12 21 20 
Rainy season 260 570 380 615 515 831 
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Figure 30. Dry-matter distribution indifferent plant components of millet cv CIVT, ISC, Niger, rainy season1984. 

in Septenber enhanced crop growth. At Sador6, 
fertilizer application inreased pearl millet grain 
yield, but did not significantly increase water use 
or WUE (Table 41). At Dosso, fertilizer applica-
tion significantly reduced water use, and the loss 
of water from the bare soil was similar to the 

water use by the millet that (lid not receive fertil
izer. Apparently, the good plant canopy of the 
millet crop helped to reduce water loss by evapo
ration from the soil. Because fertilizer increased 
millet yield, the WUE of the millet with fertilizer 
was 2-3 times greater than that without fertilizer. 
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Table 41. Pearl millet (CIVT) water use (WU), ,grain yield (Y), and water-use efficiency (WUE) with and without 
fertilizer application compared to water loss from bare soil, Sador6 and Dosso, rainy season 1984. 

Sadov,2 Dosso 
WU Y WUE WU Y WUE 

Treatment (mm) (kg ha (kg ha-' -) (nn) (kg la- (kg ha -' mm-') 
- 1) m i') 

Fertilizer 165 410 2.48 247 1120 4.54 
No Fertilizer 163 290 1.78 270 480 1.78 
Bare soil 232 - - 275 -

SE ±4.1 ±4.3 ±0.65 ±4.8 ±12 ±0.07 

CV(%) 4 30 18 4 4 5 

32001 eaF 1o0- Leaf sheath 

ci -+ Fertilizer 
I--c 

n80-
0 800- - FertI I Izar 

L .*LQ, 

o,= / i0 400-
E 

L L 

.....................................................
 

oii TSE 04- .5E 
60 80 100 40 60 ,o0 
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4) 0 

-1 1
 
E E
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Figure 31. Dry-matter distribution in different plant components of millet cv CIVT, Dosso, Burkina Faso, rainy 
season 1984.
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Nutrients 
400 - Lk.ucheri 

..........
Zoro'" I sE
Phosphorus C0 Tondl 

We continued research initiated in 1982 and sup- . " 
ported by IFDC, on the management of nitrogen 200.
 

and phosphorus in the West African SAT. Our 
 -0 ,
 
priority is to assess the effectiveness of partially
 
acidulated rock phosphate (PARP) as a source 
 . 
of phosphorus for pearl millet.
 

In spite of the severe drought this year, our 0 00
- 0 IO 2dO 
results confirmed the preliminary results Superphospha-te tkg ha - 1}
obtained in 1983. At Sador, (ISC), pearl millet 
treated with single superphosphate (SSP) gavc Figure 33. Effect of rate of superphosphate addedon
similar yields to those obtained using triple pearl millet yield (kg ha-') on three soil series, IS(,
superphosphate (TS i), or the two PAR P n1ae- Ngr
rials, PARP-50 and PARP-25 (i.e., materials 
prepared by treating rock phosphate with 50 -ind 
25% of the amount of sulfuric acid normally (WSi)) (Fig. 32). These results clearly indicate
required to convert the relatively insoluble rock that rock phosphate or PARP are suitable sour
phosphate (R1P) to watcr-soluble phosphorus ces of phosphorus at ISC. 

In our experiment at (obery (100 kin SE of 
Niamey), all the improved sources of P1(SSP,700 55P TSP, and P1ARtP-40) increased yields to over500

RTSP kg ha -' with 25 kg added P ha - ' over the 50 kg
PARPkgk 

* PARP-50 ha - I in the ('ontrol (without added 1)), but non
- o PP-2 treated rock phosphate increased yields only to 

250 kg ha-'. 
sa Under the Tropsoils project (Texas A&M 
S00- University), we are studying the vater relations 

-o in fot.r of the Ilve soil series found at the ISC. As,sW part of these studies, we applied phosphorus at 
>- three rates (0. 7.5, a.'id 15 kg ) ha-') to millet; we 

400- also applied urea to all treatments at 46 kg N ha ' 
as a split application. The results (Fig. 33) pro

0s'3 B6 32.9 37.2 \'idc another example of large responses to fertil-
Phosphorus app) ied ,tkg P ho -1) izer P. and indicate the need for soil tests to 

y =384 +41.6x - 1.61x 2 R = 0.93 rse = 42.2 predict fertilizer P requirements.
 
y = 372 +43.3x - 1.80x 2 R =0.99 rse = 13.5
 
y = 378 + 34.1x - 1.04x 2 R =0.97 rse = 27.8 
 Losses of Nitrogen
y = 376 +35.2x - 1.09x 2 R =0.98 rse = 22.3 y = 373 +29.2x - 0.9IX2 R =0.98 rse = 19.0 In our 1FDC-supported project, we continued 

Figure 32. Effect of different sources of phosphorus our stuoies on the most appropriate type and 
on grain yield (kg ha-) of millei, ISC, Niger, rain3 method of application of nitrogenous fertilizer 
season 1984. (TSP = triple superphosphate; SSP = for pearl millet. Following the interesting result
single superphosphate; PAR-50 and PAR-25 = par- in 1983 that urea uniformly broadcast on the soil
tially acidulated rock phosphate treated with 50 or surface was more effective than point placement25% sulfuric acid; RIP = rock phosphate). close to hills sown with millet, in 1984 we corn
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pared two different nitrogenous fertilizers, cal-
cium ammonium nitrate (CAN) and urea. 
Nitrogen application increased yields from 530 
kg ha-' to over 700 kg ha-'. CAN seems the more 
effective fertilizer. Our N analyses show that N 
losses from split applications, in bands, were 
25% for CAN and 35% for urea; 50% of the 
applied N was lost from urea point-placed close 
to millet hills, even though split applications 
w,,ere used. 

Nitrogen Fixation by Covvpea 

Cowvpeas fulfil a very important role in cropping 
systems because of their capability to fix atmo
spheric nitrogen, and thus improve the fertility of 
the soil for subsequent cereal crops. This year wre 
initiated an experiment to evaluate the total 
amount of nitrogen fixed by cowpea as well as 
the amount of nitrogen left in crop residues after 
grain harvest. 

We established 15 separate crop treatments to 
compare 4 extra-early, 5 ncdium-, and 5 long-
duration cowpea cultivars, with pearl millet in 
one treatment as the control. For the experimen
tal site, wpe used land known to be of low soil
nitrogen status. At sowing we gave basala 
application of 400 SSP kg ha-'. and 50 kg N lia-


as urea to the nitrogen treatments: we gave this 
additional nitrogen (50 kg ha-') at flowering. 
Nitrogen fertilizer increased nodule numbers, 
shoot weight at 4 and 6 weeks, and total dry 
weight of all cultivars. 

Residual Effects of I'Fertilizer Application 
on Cowpea 

In 1983 at ISC, \we initiated a long-term experi-
ment to determine the residual effects of water-
soluble phosphorus applied to cowpea at 0,13, 
and 26 kg P ha-1. Yields of5 millet varieties (3/4 
HK, CIVT, P Kolo, Souna, and Sador( local), 
grown in 1984 in sub-plots within the main-plot 
P treatments of the previous year, showed good 
residual effects (Fig. 34); grain yields from the 
areas previously treated with P were double 
those from the control treatment (without added 
P). 
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Figure 34. Residual effect of phosphorus applied to 
cowpea in 1983 on grain yields (kg ha-1) of five millet 
cultivars, ISC, Niger, rainy season 1984. 

Soil Management 

Plant-Establishment Studies 

Plant-establishnent problems on the sandy soils 
at ISC are usually caused by the combination of 
soil and climatic factors. Strong easterly winds 
usually precede rainstorms, causing wind cro
sion that results in seedlings being sand blasted 
and buried in the sand. In an exploratory facto
rial experiment, \c sttudied the effects of several 
factors: method of pre-sowing tillage, sowing 
depth, plant spacing, fertilizer addition, and dis
tance from a windbreak, on tile establishment, 
early growth, and yield of a local pearl millet 
cultivar (SadorL' local). 

We compared two plant spacings: sowing on 
hills spaced I m apart (a traditional method), 
and drilling seed in rows 75 cm apart. For both 
methods, \we used a precision planter to ensure 
consistent seed placement and seeding rate. 

26 
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During the first 2 weeks of the crop's establish-
ment, two small rainstorms preceded by strong 
winds provided on opportunity to examine the 
effects of the treatments on plailt stand and 
height. Tillage method, plant spacing, and dis-
tance from the windbreak caused significant 
effects (Table 42). P~lowing and ridging gave a 
better plant stand and growth than the control 
(cro tillage) treatment. We attribute the effect 
of plowing to the reduceed bulk density of the 
surface soil, tiat facilitated root extension, and 
that of ridging to reduceed wind erosion because 
of the rougher soil surface. Thcsoil surface in the 

plowed treatInIent was as siootI as tile surface 
in tile untilled plot. [he volunme of loosened soil 
after plowiing is much greater tihan after ridging. 

)rilling seeds in rows gave significaltly better 
plant stand than sowing in hills, despite a greater 
seedling nortality between 7and 13 )AS. imer-

gence from hills was lower, but subsequent nor
tality was also lower because of the mutual 
protection provided by the cluster of seedlings, 
that favors the innermost seedlings; plants were 
significantly taller in hills than in drill rows. 

The experiment was located between two 
windbreaks aligned in it north-sotlti direction. 
Stand establishment and growth increased with 
distance from the protected side of the field, but 
these effects were obscured to some extent by 
soil heterogeneity. Fertili/er application (lid not 
significantly improve stands or height at this 
early stage in crop Cevelopnient. Interactions, 

and tile effect of sowring depth, were also not 
significant. 

Iwo weeks after sowing, the crop was thinned 
to three plants hill I and a corresponding three 
plants nii in drilled rows. )uring the severe 
drought in 1984, on average only 190turm of 

Table 42. Effect f cultivation, sowing method, and distance front windward windbreak, on establishment and 
plant height of millet during the first two weeks after sowing, labucheri Sand A and B, ISC, 1984. 

Treat ment 

Presowing soil preparation
 
Plowed 

Ridged 

Sandfighiter 

Nil (zero tillage) 


S E 

Sowing method 
Hills 2 


2
Drill rows 

SE 

-Distance from windbreak (m) 
20 
60 


100 

140 

SE 

I. DAS =days after sowing. 

Stand dfecline (U)) Plant stand Plant height 

3-7 DAS 7-13 I)AS 
at 13 l)AS' 
( I ) ia- ) 

at 13 )AS 
(cm) 

15 -2 149 14.6 
1 12 151 15.6 

18 19 84 13.1 
16 14 99 10.8 

±4.8 ±5.1 ±20.9 ±1.20 

12 -2 103 16.9 
13 24 139 10.2 

±3.4 ±3.6 I ±4.i0±.86 

6 6 178 14.4 
II 15 88 11.2 
20 8 95 12.6 
12 14 123 15.9 

±6.7 ±7.2 ±29.6 ±1.20 

2. Hills, 12500 ha-I; drill rows. 75 cii apart. 
3. Distance from eastern windbreak to center of block. 
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rainfall was used by the crop. The treatment cultivation, mulching, and addition of N and l1 
effects obseived during stand establishment fertilizer. We are measuring crop growth and 
(Table 42) had disappeared almost entirely by water use, and changes of soil physical proper
harvest. 1ill sowing gave a significa ntIy (P ties and organic matter. Three runoff plots, of 
0 05) higher grain yield (510 kg ha- ) than drilled tile 'Wischmeier' type, were also included in the 
rows (410 kg ha- ). The addition of'40 kg N ha-I design. The experiment is located on sloping
and 17 kg P ha - Ialso increased grain yields, from land. previously under bush fallow. The cultiva

-370 to 540 kg ha I (SF+-31 kg ha I fcr both con- tion treatments consisted of plowing, ridging, 
parisons). All other treatments were not signifi- and zero tillage. The niulch treatment consisted 
cant, except the depth of sowing - fertilizer of millet stalks (4000 kg ha-1) added before till
interaction, which was significant for TN) age. The terlilizer treatment added 40 kg N ha - I 
yield. and 17 kg P ha-1 . In 1984, we sowed a local millet 

(cv Sador6) in hills (13300 ha-1).
Rainfall-Simulation Studies In this initial year of the experiment, establish

neit was good. lillage increased early growth,
The soil surface ayer at I'SC is compaCt. Typical but the most advanced plants later becaiie most 
bulk densities of surface soil range from 1.5-1.7g adversely affected by severe drought. The total 

. , cm- corresponding to a porosity of 43-36V. rainfall froit sowing to tile end of August was 
Stich densities may hamper root development. A 158 mm. 
weak crust also forms on tie soil surface. ('ulti- The crop died from i rought before it could 
Vation loosens the soil and destroys the crust, but produce grain. I lowever, fertilizer application 
we do not know how long this effect lasts. \Ve significantly (P . 0.001) increased dry-niatter
therefore studied changes iii soil properties after yields, from 2270 kg ha I o; tie control pis to 
the application to freshly-tilled soil of controlled 2990 kg ha- I (SF +53). The addition of crop
aniotints of rainfall with a rainfall simulator, on residues significaitly (' .0.05) increased yield 
a typical sandy soil at IS('. The soil was initially from 2440 kg ha-' to 2820 kg ha - (SF = ±105). 
dry, with a bare, weakly-crusted s urf;ice. The Changes in soil-moisture content were Con
high rainfall iniensity used (100 trim Ih i) did not fined to tile top 8(-1()0 cii of tie soil profile. The 
cause runoff even after 2 1hof coiitin nous appli- crop extracted moisture at higher rates on tie 
cation. Incipient ponlding was visible in a few plowed treatment than on tie zero-tilled treat
small localized depressions, but disappeared meit. Almost all rainfall was transpired by the 
immediately after tile rain stopped. Soil-splash crop. Oii tie bare Wischmeier treatment, 50'i of 
erosion, however, was considerable. tile rainfall was lost by evaporation.
 

Cultivat ion redUced tie bulk dens it y of tile
 
surface soil (0-I15cm)to 1.22 gcm thus increas
ing porosity to 54"'1. Consolidation, resulting Effect of Cultivation on \Valor rse 
from rainfall impact during four rainstorms A separate utiltivation experiment provided
totalliig 100 mm, reduced soil porosity from Ilie results c,)rnpl imelita rx to those fro in tile long
initial 54(i to 5 1 ± 1.4(:, which was well above term ma nagement experiment. We sowed this 
tie natural level. Penetrometer ',ieasurenients experiment 9 days earlier, hitis allowing t ie crop
showed that two monthus after p!owing, soil resis- to use rain fall that would otherwise ha ye e'ap
tance was still 50(i lower ill cultivated thal orated: this proved crucial hecause, ill contrast 
in zero-tilled soil. to tile loig-termii experiment, the crop produced 

grain (240 kg ha- Iaveraged over all treatients).Long-Term Soil-Management Experiment Total rainfall between sowiig and hirvest Was 
167 im. 

In 1984, we started a long-term experiment at The cultivation trcatmlllents plowing, ridging,
ISC to study various soil-managelent factors: and cultivation significantly affected tile iools

http:1.5-1.7g
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ture content of the upper 2-n depth of the soil 
profile. Evapotranspiration hy the crop totalled 
188, 175, 173. and 169 mm for plowing, ridging, 
cultivating, and the iero-tillage control respec-
tivel'. The corresponding II)M yields \%ere 
5420, 4900. 1400. and 4190 kg ha I (SFJ z ±470), 
thus indicating good agrecment betweevn tie 
effect of+ the tillage treatments on crop yield and 
Moistutire use. 

Rejuvenation of Barren Forest lancls 

Revegetation experincurs "ere colim ced by 
tile Tropsoils Protject (Iexas A& NI tnl \ersitv) 
in tile (iuiesselbodi forest. .30 km northwest ofl 
ISC. [lie (tiesselbodi forest consists ofa llosaic 
of vegetated and bare areas, tilelatter resulting 

Irolll rellial b erosion 
 of 	the thin la\Cr of 
Sandv surlace soil that overlies ain, intractahle 
clay subsoil. ('rustingoI theexposCd clay'surface 
causes linost rainlall to be shed as ruolf, 
Imnprovming tile infiltration of rain into the soil 
appeared to be the key requLircnentr for resege-
tating these bare areas. \We thierefore exanlined 
the effects ofts o sinple trtiienits. arranged in 
a 2 - 2 ictorial design. 

1.Hand tillage, to a depth Of' 10-15 ct. 

2. 	 Mulching vitl t\igs and branches left after 

tiliber-cuttiing of theadjoining forested areas. 

In 1983. I0replicates \wereLstablisfed on each 

of two contrasting Cmirrollielts protected 
f'mlll, or exposed to. niatiral gra/ing (by goats). 
In 1984 we coritiinuel ieasiir'rneirrso t lie plots 
established iii 1983: additionally, \wc coiliniericed 
similar treatilents ,\itli three replicates illtile 
gra/ed and ungraed situations, to pro\ ide both 
a Coiiiparisorl of the first-,eaomi reSpollse in 
another season. aid also to pro0 tiC a conlpari-
son \vith the 2nd \ear's rcstlts front the originial 
plots. We measured natural rs etatioi only: 
no Iertili/ers sere applied, nor ere seeds intro-
duced. In 1';83. the rainfall ot540 rnrii \\asabout 
average, and in marked contrnast to the very lm 
rainhl'll ir 1984. Surcvs of plant species and 
bionmass produticed inthe plots, ard along fixed 
transects in the natural forest a reas %%ere hiiade iii 
198(3 and at the end of the 1984 rainy scasto. 

Natural re egetation did not oetr illnion
treaed are:s., Bth treatnents proniotetd re'ege
tation ( lahle 43). l)uring the Ist season. hand 
t;Iage was more effective ('. . 0) than mulch

ill
i!.'g iproloting bioinass pi,+duction for the 
experinent estalished in 1983. but there " as no 
difference Iet\%,eci mullching and tillag, in the 
experiment established in the %erV do' 1984 sea
son. Ilowever, dutiring thc2nd seasollalterestab
lislllent, the efflect of nu1lclhin g was greater than 
that of tillage.

lhe nmaintaiiId bene.ficial effects of 1lnulching 
"wit time appear to be dtie to a coinbimntion of 
factorS includii! tile stabili/Cd sand and leaf 
mulch held \\'itlitile plots, terlite actit\ 
decreased soil-surlace temllperatures, and protec
tion froM Iailnim[ipact. Wind stolms are all 
ilmporlanl fhctor becauSC theV blo\w anIld,lea\ CS, 
an(d seeds onto tile plots. Because the branch 
niullch stabilies thesc \\sindblomi nilat'rials. it 
appears to offerconsiderable proilise for pmliio
higre\egetatiom as it is readil\ a\ailahle as a 
by-prodiuct of tilillberCI-Ctinmg operalions ilntile 
forest. 

Ihe reduced elfcctiveniess of tile tillage-ouly 
treatmnlent inthe 2n d year (194) appeais also to 

be due to several factors, includin lreftOnaltio
 
of the sufacc Crust, loss of llost of tile
and tilt.
debris that haid accuillulated illtilevegetation ill 
tile preios year. Ihis loss of debris was ac-
Collpalied by an increase ill soil-stirfIce terIi
peraitures.
 

Biomlass stands illadjacent \egetated areas
 
providc a means to oSaluate leitrieit perlor
marice each \Car. I lie ilulihed-plms-tilligctreat
illens established in 1983 peilorrnied \well,
 
Collipared with the adjoining \egetated areas in 
both ears. 

We determlid .til-nioisture contents to a 
depth of 45 cn at approxiniately 20-day inter
vals throughout tie 19.4 rain v season. Soil
rrMoisttle contents under ne v.-tleated areas ill 
1984 sho%,ed a sinilar pattern to that found in 
1983. Initially. Millage wis more effectis than 
rlulching in increasing raiifl infiltration ( F ig. 
35a}: in the 2rid season, ho%\ever. nulching 
increased soul-iimoisture content more than til
lage (Fig. 35h). 
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Table 43. Effect of mulching and hand-cultivation on natural revegetation of eroded areas on a Typic Patleustult', 
Guesselbodi forest, 1983-84. 

Annual hiomass production (kg ha-1) 

1983 1984 

Treatment Mean S 1: CV (%) M ean SE CV (%) 

Experiment started 19832
 
Nil 0 
 - - 0 - -
Mulch - 210 ±63 131 150 ±42 125 
Tillage 4 440 ±112 114 30 ±12 159 
Mulch + tillage 960 ±141 65 310 ±56 82 
Under adjoining 

forested area NA -890 - 200 ±31 72 

Experiment started 19842 
Nil 0 -
M ulch3 

50 ±45 245 
Tillage 4 

100 ±91 231 
Mulch + tillage 80 ±28 89 
Under adjoining 
forested area 200 ±31 72 

L Family: sandy-.keletal siliceous, isohypothermic. 
2. Replication: 20 in 1983, 6 in 1984. 
3. NIulch of tree hranches and twigs. 
4. Hand cultivation tot a depth of 10-15 cin. 
5. NA = Not available. 

a. Estb)Ished 1983 b. Established 1984
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Figure 35. Effect of tillage and mulching on moisture content of surface soil (0-30 cim) during the 1984 season for 
plots established inside a protective fence in the Guesselbodi forest in (a) 1983, and (b) 1984. 
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Our studies so far indicate that loss, or recap-
ture of a thin, easily-croded horizon of sandy 
soil, is a key factor in the contraction or expan-
sion of the vegetated area in the forest, and that 
the ecosYstem is very fragile. 

Sources of Crop Veriability 

High within-plot variability hinders research at 
ISC and elsewhere in the Sahel, and also causes 
substantial losses of crop yield in farmers' fields. 
In 1983 we collected data to provide examples of 
the variability over short distances. One such 
example is shown by the performance of a millet 
crop on two adjacent plots ini a field uniformly 
sown and treated with fertiliier. In each plot, 49 
hills were sownvwith millet. In the piot with 
better crop growth, millct plants survived on 44 
hills and produced 137 heads. In the plot with 
poorer growth, plants survived on II hills and 
produced 27 heads. The yield figures are sime-
ilarly contrasting: for the better plots, head 
yields ranged from 1160 to 1300 kg ha-, and 120 
to 2340 kg ha-1 in the poorer plots, 

About 5% of the 2-ha field containing these 
plots had growth similar or worse than that on 
the poorer plot, and about 9% was occupied by 
crops similar to the better plot. We are concen-
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Figure 37. Exchangeable Al versus exchangeable 
acidity from atransect in aresearch field, ISC, Niger. 

trating on determining the cause of extremely 
poor growth.

Soil under the poorest-yielding crops has 
lower pl, aid higher exchangeable acidity and 
alu'iiniuni, than soil under the higher-yielding 
cro is: this is illustrated by soil analysis along a 
trajisect between sites with poor and good stands 
c" millet (Fig. 36). Exchangeable aluminium was 
hiihly correlated with exchangeable acidity 
(Fig. 37). Similar results were also obtained in a 
farmer's field. 

are further investigating the relative 
impormance of aluminium toxicity and other 
problems associated with acid soils, as vell as
soil physical clracteristics, as possible causes of 

particularly poor millet growth. Pot studies are 
in progress to study the pl--related problems. 

C pa- roppingstems 
goUc. 00 -0,1 Cowpea Cultivars for lntercropping 

tD D i stonce (m) 

1. y = 0.728-0.048x r = 0.92 rse = 0.07 
2. v = 0.424-0.032x r = 0.93 rse = 0.06 

Figure 36. Exchangeable acidity (1)and aluminium 
(2)along a transect in a research field, ISC, Niger. 

We grouped a total of 270 cowpea cultivars of 

varying plant types and maturities in 15 different 
trials in which we compared cultivar perfor
mance under sole and intercropping with a 
standard uitivar of millet. The row arrange
ment in the intercrop was 1:1 millet:cowpEa. 
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In one experiment, 33 cowpea cultivars pro- rated for their ability to retain their leaves 60 
duced grain yields between 600 and 1500 kg ha-1 days after sowing (DAS), and at harvest. 
in sole cropping; 20 of these cultivars produced The rating was based on a visual score of ! : 5 
respectable yields in the intercrop despite the (I =all leaves shed and 5 = more than 95(7i leaves 
severe drought Stress. The long-duration local retained), aid actu.ral asu rements of a few cul
variety was severely affected by drought, and tivars ill large plots. Thirteen photoperiod
produced no grain under eit her croppi rig svstem. insensitive cultivars were rated 4 or 5, and also 
All cultivars that produced more than 1000 kg produced acceptable grain .viclds. The hay yield 
ha-1 of grain were the shorter-d urationi cUltivars of seven prornising cultivars ranged Ifrori 800 to 
needing only 55-70 days to maturity. 2400 kg TI)Mi ha- in sole cropping and 300 to 

-Cowpea yields under intercropping were low. 900 kg TI)M h a when intercropped. Such cul
and uisually less than 50c, of" the yields in sole tivars are likely to be of tremendous advantage 
cropping. Fhie correlations betweel inter- and to tlie small farmer it, the Sahel. 
sole-crop yields of ie cultivars were positive but 
nornsignifica r..i Similarly, rank correlations were Cowpeas in the Millet-B.'sed Cropping 
not significant. Th e effects of severe drought System in Niger 
prevented detection o an componlnt l'op 
interaction. Almost all cowpea production in Niger origi-

We aso cxa inned six co\\ pea cUltiva rs old if- nares f'rori cowpea cereals itrtcrcrops. Observa
ferent nmaturities in combination with two con- tions of f'r,lrlcrs" fields, and economic surve'ys. 
trasting pearl millet cultivars. lhe average indicate that the intensity of millet cowpea 

-coWpCa yield of tile sole c rops was 543 kg ha I. intercropping ranges from 40 to 70('(7. lhe most 
Yields of the co\\pea intercrops ranged from 29 prevalent cowpea cutivars are the spreading 
to 46',( of tle sole-crop yields. Millet yield inder photoseisitike types. of ten grown at very low 
iitercroppirig ranged from 12 to 76(7 of' sole- plant populations. Il the past, cowpea.l gl)o\ in 
crop 'ield. Cowpea intreCrop yields were closely Niger was riainly exported to neighboring coun
correlated with sole-,'rop yields (r = 0.95). Cow- tries, because little was consumed locally. Ilow
pea [[821) 716, a uediimi-duration and erect ever, the c, op is fast assuming importance in the 
cultivar, yielded above average when inter- diet of Nigeriens. The campaign by the Giovern
cropped with either millet cultivar and signifi- rient to educate the people on tile nutritional 
cantly better than TN88-63, an improved local \,alie of cowpeas has becri well received, as evi
cultivar. denced by tlie connionily-seer dishes of rice and 

Of the plant characteristics inleasured, pod cowpeas sold at street corners and ir market 
prodiction per unit area appeared to provide the places. Red-seeded, rnidum-sied varieties are 
most sensitive index of stress caused by inter- used foir this dish, but the most popular are 
cropping. Only I out of 10conihi nationis slowed rlediutii to hrrge. w\hie. rough-seeded aretires. 
all o'erall idvaintage of 19'( or illore: these ursu
ally involved an erect deterriniate cowpea and a Farm Power and Equipment 
tall. leafy, local millet culti\sii. 

Adaptation of the Sandfighter to Animal 
Dual-IPurpose ('owpea Traction for Use in the Saliel 

IniNiger, cowpea is grown for its grain. or leafas Sand blasting and burial of iillet seedlings corn
a green vegetable, and for forage. lPrefereic-s for tinues to preveit crop establisiienit often fore
individual cowpea products differ from place to ing flarne rs to resow their crops. Sueh later 
place but in most areas cowpea cultiva rs that sowings rsua lly result in lower yields. We have 
retain their f'oliage at rnaturity are generally pre- therefore investigated tile use of aninal- and 
ferred. All the cultivars we evaIlated Were also tractor-drawrn 'sand fighters' to stabilize ie 
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sandy soils at ISC. 
The sandfighter is an implement tha. when 

used on wet soils, makes many small depressions 
that remain stable as the soil dries. This 
increased Surf'ce roughness gives protection 
against wind erosion. For the best protection, 

the implemnt must be used on wet soil at t
tile imleen so us tg e i so te ile;lowingsame time as sowing, i.e., as soon a ter ran as 

possible. 


We have developed a new' forll of a llinial-

drawn sandlhghtcr with removable tines that ct 

f'our rows of palired holes oil each rotation, leav-
ing a I ill x 0.75 in plant spacing pattern. The 
paired holes are about 10cm apart to allow' for 
separate seed and fertilizer placement. We 'ill 
test this new sandfighter during tile 1985 rainv 
season. 

Animal Traction for Millet Farming 

Animal traction is a suitable form ofagricultural 

mechanization in sub-Saharan Africa, but its 

adoption for CLItivat ion in West 
 Africa 

decreases from the subhumid 
 to the semi-arid 

zones. Animal traction w,,s introduced into 

Niger about 1960, but it is still very rarely used in 

areas where rainffall is less than 600 nii. We aire
 
thcrefore studying ways to introduce animal 
traction into new areas. Our studies i iicltde le 
development of methods cm ploying a single 
animal instead of a pair. 

We aire also examining the ef'fict of the use of 
animal traction in reducing labor requiremients 
for crop production. This year, We 0xa ltated six 
cultivation methods at IS(; t liese ilicl tided tradi-
t ional aIand-cu Itiva tlon, a nd five aiinla I-t ractio n 
met'lods involving oxen or donkeys (Tablc 44) 
for primary tillage. All subsequent operations 
(Sowing, weeding, anid thbiniig) were done ii tle 
same way ol Ill treatments: we sowed anid 
thinned by hand, but used donkex-drawn culti-
vators equipped with sine hoes for weeding. 

We started primary cultivatioris on tile experi-
merin in tile beginning of.July, and sowed millet 
by hand in lills (10000 aii-'), with SSP (200 kg 

hIa-) and CAN (100 kg ha-i) fertilizers. 
Table 45 shows the labor inputs required for 

the various farming operations. The use of oxen 

Table 44. Cultivation methods tested at ISC, 
Sador6, 1984. 

Tillage Powcr Animal live 
operation Implement source weight (kg) 

Scraping IHand hoe Man -
Plowing 

Scrapirg 

Sine ioc, 
Moldboard plow
Sine hoe 

Dolnkey 
2 Oxen 
I Dionkev 

100-140 
390-4130 
10O-140 

Ridging Moldboard plow 2 Oxen 390-430 
Scraping Canadian 2 Oxen 390-430 

cultivator 

I. tiree-toot lied cuiltivator. 

for land preparation, i.e., plowing or ridging, 
reduced the labor reqtuirement for supplemental 
soil preparation and also reduced tie need for 
labor for a second sowing because of better crop 
emergence in oxen.soil ridged by We reduced 
total seasonal labor requirement by 25"?, by 
using the combinaition of' oxen po\\er and 
ridging. 

l)rought stress in ()ctober sc'crclv reduced 
yields, which were 104-137 kg ha I of grain, and 
720-1000 kg ha - of straw; tilage met hod did not 
significantly aflect yield. 

Cumiponent Research-Agrononiy 
in Mali 

The agronomy program in Mali aims to develop 
improved millet- and sorghunm-based cropping 

Table 45. Labor time required for soil preparation 
and total cultivation operations by different methods, 
ISC, Sador 1984'. 

labor title (man hours ha-') 
Method Soil preparation All operations 

Hand tillage 28 (± 13)2 153 (± 12) 
llowing (donkeys) 24 (- 8) 148 (± 25) 
Plowing (oxen) 14 (± 3) 142 (1 18) 
Scraping (donkeys) 261 (±(+ 4)9) 133114 (±(± 14)14)Ridging (oxen) 

Scraping (oxen) I2 (- 7) 144)(± 22)
 

I. Plot siue 45 x 45 m, eight replications. 
2. Figures in parantheses are Sl:s. 
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systems for rainfed farming. We give major Table 47. Efect of intercrop population on grain
emphasis to studies on intercropping systems, yield (kg ha-') from maize/millet intcrcrops, Sotuba 
and to the agrononly of improved cultivars of and Sikasso, Mali, 1982 and 1984. 
sorghun an( other component crops.
 

(train yield (kg hta- ')
 

lntercropping Systems Populatti SOtha Sikasso 
Year (plats ha-') Maile Millet Maize Millet 

InI soulthern Mali, ihe normal annual rainfall 1982 Intercrop millet population varied
 
exceeds 1000 nn , and tle growing season is 15000 
 3241) 651) 1830 450 
long. Maize/ millet is tile major intercropping 30000 3110 1010 1880 620 
system that traditionally follows cotton. This SE ±30 ±80 ±120 ±90
 
system has considerable potential for intlenisifica- 1984 Intercrop maize popularion %aried
 
tion, because tie temiporal comiplmnta rity ofa 25000 97) 87(1 920 87t)

short-duration maize cultixvar intersown 
 with 5011 1500 6811 1)80 1080
 
longer-duration 'Sanio' pearl millet makes the 
 SE ±48 ±50 ±115 ±75
 
best use of existing resources. Il 1992 we started
 
to defin lethe requireents of this cropping sys
tem to optimize the overaI prodIcti \ity. IJsing
 
flactorial experiments, we arc exaii irig such yields. 
 tie intermediate date (when tile maize 
factors as tijr.e of sowing of tile millet intercrop. reached tile 3- or 4-leaf stage) gave millet yields 
density of both component itAercrops, and rate of 500 kg ha - 1. 

of fertilizer N applied to maize. Increasing ile seed rate of the iiillet intercrop
Yields of the millet intercrop increased with increased its yield w5ithotn riarkedlv reducing

earliness of sowing date at botll Sotuba ind the yield of tihe ilai/e rmlain Crop ( lable 47).
Sikasso (Table 46). But the earliest sowini date, Increasing iiai/e density to the iornial for a sole 
when millet was sown sirnultaneously with crop increased riiaie yield and decreased millet 
maize, caused a marked reductioni in maize yield at .ot ba (lable 47), bitt did not cause 
yields. Although sowing delays reduced millet sigrifi cant effects at Sikasso. 

Although 1miaize ill southern Mali is IsItally 
sown ill a rotation. following a well-fertili/ed

Table 46. Effect of pearl millet sowing date oinlgrain cotton crop, it generally receives sonic addi
yield (kg ha') from maiize/millet intercrops, Sotubla tional fertilizer. We therefore compa red two Ic\'
and Sikasso, Mali, 1982 and 1984'. els of additional nitrogen ini the maize'rmillet 

Grain yield (kg ha I) intercrop system: tie recomrenided rate of 40-60 
Sttbh:, S ik( kg N Ii- 1.and twice this rate. Ni ai/e responded toi 

iigeer fertilizer levels al both the locations in theYear Millet .sowing date Maize Millet .Mi/c Miliht 'ttO' 19 2 ,casol, t111iot in the drier 1984 
1982 At maize sowing date 2481) 1860 1600 81)) season (lable 48). Added ferilizer increased

Maize at 4-leal stage 3660 510 1900 530 millet yield at Sikasso in 1982. Ilowe'cr, onMaize at 6-leaf stage 3400 110 2041) 271 average, the higher rate of fertilizer N increasedSE ±96 ±63 ±103 ±70 yields only slilitly over those witn tile recorn

1984 Maize at 3-leaf stage l1lt) 1040 l01)1 12401 mended rate. Interactions between tile vainto',:,Maize at 6-leaf stage 13610 5210 9810 71 managernent I'aIct'orslocations an( were not sil,mif'icant acrossseasons, but there were some indi-
SE ±48 150 ±115 ±75 Cations that itaize responded better to fertilizer1. Total rainfall: Sotuba---1982, 928 rmn; 1984. 850 rum; N when milleI is sown liater, and that the later-

Normal. 1100 mm. Sikasso 1982, 1112 rnm: 1984, 860 sown intercrop yield could be maintained by
mm; Normal. 1200 nim. increasing millet density. 
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Table 48. Effect of fertilizer N rates on grain yield crtilizcr N at Sotuba. with CSM 388 (a local 
(kg hi-1) fromn maize/millet intercrops, Soltuhal andu Malian sorghumll) used as a control. [able 49 
Sikasso, Mali, 1982 and 1984. shows the p)Cuelilllomalce ol these four ciltivars 

during a year when the total rainfall was about(Giain \vilk(kg ha'l 
.. ... 850 nln (norial 1100 mlli)Although the total 

Ntsottlt Sikasso rainfall was less than noimal, th, distribution 
-I
'ear (kg ha ) Maie Millet Maize Millet was good with adequate late rail,,. 

The nc\\ sorghum cultivrs flowered and 
1982 6(0 2950 790 170 470 matured earlier than the local control. lhev wverc 

120 3400 860 194(0 50 also shorter, but their grailn .ields \\crc not sig-

S 1E ±60 ±1(00 i3(1 ±27 nificantly giater than that of (SM 388 \\hich 
yielded well over 2((( kg ha 1i The longer

1984 40 1180 690 1060 970 duration ('SNI 388 did not, therefore, stifer 
80 1320 810 130( 90 'l8(1moisturc dCCicic\' du rittL the critiCalfro 

SF -133 ±87 ±+125 t47 	 (loe\'crillg Criod. \VC CXlpLt thai theilnroved 
shortllr-duration cultivr.s will perforl beler 
during 'eliS .ell rains Stop Carlh a chartilew 

acteristic of the recent drought . 

From these Studies across locations and sea- IncreasCd popuhiltioll did n1ot intcrCase yields, 
Soils \\ conclude that, for optilliui productivity indicating that the prese"t recomllnlldatioll of 
of the millet lnai/c inlercrop, millet Should be 500(1(11 plaints ha issufficlient. itleast ii ycarsiof 
sown when the muai/c is at the 3-4 leal sta e, 
mi1,e1C and millet should be So, n ittheir norm1al 
sole-crop density (5(1 1)1)1and 3(0(0(1 plants ha 1, 
and that ilai/c should receive the recomllilllnded Table 49. Effect of phnt lillaulion and fertili/er N 
rate of 'ertili/cr N (4(1-(1 kg N ha I). on dai'slo501%flowseringla t height.aod grain yield 

-
We will extend our present sniall, plot studies (kg hai) of four sorghuinm cultiars, Solua, Mali, 
to opcrational-scalc evaluation of1imlrt'vnelcnls 1984. 
to the traditional s\'stCenS Itdiffcrclt locations. l)ays to Plant (irain 

50i' height yield 
Sole Crops lreatilentits flovering (cril)(kg ha' 

('uilt ivars 

Previous agronoil i Csearcil on i id ividunaIl 83 F.,24 \'C 64 1801 2360 
crops has been mainlv restricted to local cult - 83 F,225 V'C 08 142 2550 
vars of sorghlum and millet. )uring i984. \vc 83 F, 108 VC 79 140 1541 
evaluated fIr the first time improved breeding CS NI 388 82 410 2311 
materials dcveloped by our sorglhiim breeding SF 4 ±1 72 
program in Mall for their agrolillic pcl
ftolinllce. lPopulaticin (plais ha-I) 

Agronoinic trials were also initiated on fonio 00(6(0 74 221 2130 
(I),,itaria exilis) ba inl grotundnltt 120000 	 73 216 2260and ba ra 
(Vgra sub 'rraw),two less-sttidied but milpor- S1I ±3 ±122 
tant rainfed crops of Mali. 

-N applied (kg ha')
Sorglhuim 0 	 74 217 2130 

40 	 73 219 2260 
We evaluated three improved sorghurns utinder 
two plant-population levels and twvo of SEI- 3rates __________________________________	 +122 
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moderate rainfall. The lack of a response to Bambara Nut (Vigna subterranea) 
added fertilizer N reflects the residual effect of 
legumes grown at this site in previous years. Bambara nut is also an importa nt crop in north

ern Mali. We examined its response to plant 
Fonio (Digitariaexilis) population and fertilizer rates in Koporo,%where 

the rainfall during the year was about 450 mm 

Foti o, also known as hungr\ : c 1:;:i:: impor- (normal 60(11 1m). The crop responled to higher 

tant crop in northern Mali. It is normally sown sowing density. but inputs of N or ) did not 

immediately after tie first rains, before millet cause significant increases in yields (Fable 51). 
and sorghim, to provide fiod early in tile sea
son. To examine the potential for improvi ng its 
productivity, we cvaltmted the crop at ('inana 
research station tiller two plant p)pulations, Tal)le 51. Effect of l)lant l)Ol)lation, N, amnd P fertil
three nitrogen, and two phosphate fertilizer rates izers on grain yields (kg ha) of lhanil)ara groundnut 

(Table 50). 'he rainfall in Oin/ana during the ('igna sublerranea),Kaporo Mali, 1984. 
growing season (550 min) was below normal ireatments Grain yield (kg h: i') 
(700 im) and erratic. Early in tile season, we 
observed that the vegetative growth of the crop Popiulation (plants lia ) 

responded to sowing density and fertilizer, but 100 000 280 

higher soiwing density and fertilizer rates caused 200000 450 

tie crop to sliffer more from strcss du ring tlie 300 000 550 

mid-season drought. St: f107 

N applied (kg ha-1) 

0 410 
23 450 

Table 50. Effect of seed rate, N, and P fertilizers on S1- ±31 
grain and fodder yields (kg ha-) of fonio (Digituria 
exilis), Cinzana, Mali, 1984. P applied (kg ha-1) 

0 ±420 
Yield (kg hal-) 20 420 

Treatment Grain Fodder 40 440 

Seed rate (kg ha-') SIE ±39 
15 580 2770 
45 600 2610 

SIE ±21 -±213 Workshops, Conferences, 
N applied (kg ha-') and Seminars 
0 670 2870 

20 560 2500 
40 530 2630 ICAR/ICRISAT Joint Meeting 

SE ±33 ±170 on Agroclitnatology 

P applied (kg ha-) The objectives of the meeting were to focus 
0 620 2600 attention on the need for climatic data analysis 

20 560 2740 in agricultural decision-making processes, both 
in operational and strategic terms, and to pro
vide an opportunity for discussion on agrocli
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matic research for dryland agriculture. The 30 
participants represented 18 institutes and uni-
versities in India, including different centers of 
the All India Coordinated Agrometeoroogy 
Project, whose coordinating cell is based at All 
India Coordinated R escarch Project onlDrylaid 
Agriculture (AICR P)A). now Ce nt ra I 
Research Institute lot1 I)rvland Agriculture 
(CRI)A). other institutes involvcd with ICRI-
SAT in its cooperatixe agroclimatic project, and 
ICRISAT staff. The iecting was held 21-23 
February at ICRISAT Center, and 24 Februarty 
at the All India Coordinated Agrotileteorology 
Project Center in Ilydcrahad. The participants 
compiled atd ariaized existing meteorological 
data froill their researchcenters using coliputer 
programs avaiahblc fron I(RISAT. Thety also 
worked on instrurients used in agrolieteorolog. 
ical observato ies, and collected a iifmni l set 
of climate, soil, and crop canopy data to ewitluare 
the responsc of crops to environmental 

conditions. 
Part ici pitns agreed lhit the main tareas of 

cooperation will be: analysis of climatic data, 
updating ard exchange of neteorological data 
collected att different research stations, cooperia
tive crop-wealher response ealiatioti studies. 
and the exchange of crop-weattler inodeling 
research information. Tliey also agreed to hold 
joint meetings and seminars. 
The need to traini agirolliCtcorologicalI project 

personnel in data analysis, inicroclinatological 
studies, aid crop modeling were discussed. The 
illeeting also emphasized methodology, standar-
dization of iistrurmentation, arid the adoption of 
utniform data acquisition techniques at all coop-
crating centers. It was felt that understanding the 
agroclimatology of a region should help ration-
alize the use of dryland farmers' scarce 
resources. 

Workshop on Jnlercropping in the Sahelian 
and Siahelo-Sudanian Zones of West Afrira 

Organized jointly by ICRISATSahelian Center, 
the Institut du Sahel (INSAH) and the Interna-
tional Development Research Centre (IDRC), 

this workshop was held 7-10 November in Nia
raey, Niger. 

The objectives of the workshop were: to 
review current and past research on intercrop
ping in tile regio:n; ::.highlight methodology, 
design, rid c'.peri menval techniques used in 
intercroppin, research; and to discuss research 
methodologies apptoprite to specific 
situations. 

Fifty part iipanrts front Burkina Faso, Came
roon. France, India, Mali, Mauritania, Niger, 
and Nigeria pitrticipated inthe workshop, arid 
thirteen papers wert pr.ected. Working groups 
diVcussed tile impolta rice of both sole and inter
cropping research. A Iiial report s,tnrnari/ed 
the rccollirierlidatioils of thlie workshop: partict
pants made a strong statement that intercrop
ping systems warrnted thorough testing as 
cropping systems for increasing food production 
in the region. [lie proce,:dings will be published 
bY INSA11. 

00oking Ahead 
Agroclimutology. \Ve will Conitinte Our efforts 
in agrocliiiatic description to issist in dctermin
iny cropping production potentials acloss tihe 
SA 1'.Colliborati\c resCarch will coitinie (I 
soil-plant-atmllosplere cliplhasiirng rcspollses of' 
crops to drought stress, cvitpotranspirati1ir
yield relations,at \ .lcr-usc efficiencv. We will 
also continue to collect starida rd data sets to 
dC\ elop ani \alidate pemtrl illet arid gi( tll(lrit 
simmhttion models. We hi\c Startled to collect 
basic datta sets releCatrt to crickpCa riodclirig. 
Applications of sorgliui atrd pearl millet ilod
els to assess tlile production poential it)iIa llige 
of agrocliriatic c ironnients \il receive 

increasing atttent oni. 

Soil physics and conservation. We \will con
tinue t0 collect baseline dita for thlie It ittatit e 
assessment of soil loss and runoff potentials for 
iniportant SAT sils, with maijor ermiphasis on 
Alfisols. We will focus our activities on crust 
managenient, mulching, and varying intensities 



of primary and secondary tillage. Our simula-
tion and modeling efforts will continue, particu-
larly for prediction of runoff. The runoff model 
based on the curve-number technique and the 
soil moisture accounting procedure, originally 
developed and extensively tested for Vertisols, 
will now be tested with data from Alfisol 
watersheds at ICRISAT Center and from the 
Indian Council of Agricultural Research 
(ICAR) Cooperating Centers. 

Soil fertility and chemistry. We will continue 
to study nutrient - water interactions in studies 
of the factors limiting the availability of nu-
trients in the soil. The studies on nitrogen will be 
assisted by our collaboration with IF)C which 
is using 15N to exa ine fertilizer efficiencv over it 
wider range of' environments. Our long-term 
experiments on K and 1) on Alfisols and crop 
rotations on Vertisols, the latter handled col-
laboratively with Cropping Systems, will con-
tinue with increasing emphasis on the honi-terni 
effects of treatments on soil fertility. 

Land and water management. We 'ill con-
tinue current studies on water resources develop-
ment, supplemental irrigation, and tillage, and 
will initiate studies on the land management of 
shallow vertic soils. We will be terminating the 
hydrologic studies onl tile Vcrtisol watershedhyderotlogic4/8 ntea tiso 'needssdis 

Cropping systems. We will continue oper-
ational-scale evaluations of the Il1ost prim-
ising cropping systems at ICRISAT Center for 
one more year inorder to ensure that measure-
ets oftlie systems performances are oibtied 

over a sufficient nunber of years. We will also 
continue operational-scale evaluations at outr 
on-fam ILoca!tns of Begutmgarij and Plhanda in 
Madlya Pradesh, and Falod in Gujarat, and \iIll 
initiate similar studies on Vertisols at Adgaon in 
Maharashtra. We are also commencing research 
on agroforestry in which we will explore the 
potential of introducing multipurpose perennial 
species into the most appropriate annual crop 
systems. Initial emphasis will be on Leiucaena 
leucoephala,with fodder as the major product. 
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Experimentation will be multidisciplinary, 
involving agronomy, to nonitor water runoff 
and soil loss,changes in soil physical properties, 
and soil nutrient status. Work wvill also con
nience on methods for controlling perennial 
weeds such as ( 'ltwrus alld (.'vnodon. 

Farm power and equipment. We will expand 
our cooperation with research institutions ofthe 
Indian national program and wii! test promising 
machinery designs at Research Centers as well as 
on-farn locations. Eva luat ions will also include 
implements recommended for dryland agricul
turc 1 those institutions. We will continue field 
experiments on integrated weed management, 
fertilizer placement, soil crusting, primary till
age, anid pest Mianagemnct eqItipInent in cooper
ation witil scientists from other disciplines. We 
wvill naintain our technical support to those 
small industries in India that are adopting 
proven designs for commercial exploitation. 
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As researchers at ICRISAT Center advance monitored fertilizer applications and harvest to 
their work, the number of technology options ensure accuracy. Serious rainfall deficits in all 
that are of potential use to farmers increases, our study villages reduced test yields substan-
Accordingly, technology assessment assumes tially below levels in previous years. Annual rain
increasing importance in the work of the Eco- fall totals were 60-75% of average in the 
nomics Program in India and West Africa, while Sudanian villages and 75-80% of average in the 
fewer studies on behavior and traditional Guinean villages. In addition to the aggregate 
resource management are undertaken, deficit, periodic droughts occurred in late ,June 

Technology-asscssmcrit studies draw from a and the first haIf of .Julyvhei the majority of 
wide variety of data sources ranging from on- tests were planted (causing seedling establish
farm tests and farm surveys to secondarv data merit problems), throughout August, and in 
from published statistics and scientific surveys, early September during flowering. 
These wide-ranging studies on performance, Average yields of ICSV 1002 HV were 12-20% 
impact, and technology prospects provide us higher than local varieties at all fertilizer levels in 
with feedback to help researchers and decision the Boromo villages (Table I). Due to high varia
makers ensure relevance in direction and to bility accentualtcd by drought conditions how
determine priorities in their work. ever, in no cases did tests of paired plots across 

sites within each fertilizer treatment identify sig
nificant varietal differences. ICSV 1002 IV 

Technology Assessment showed marginal !himi(9-12%) nonsignificant 
yield supericriiy' over local controls in Yako 
ondy, at moderately-high fertilizer doses. ICSV

On-Farm Tests of New Varieties 1003 HV and ICSV 1004 IJV yielded consis
in West Africa tently lower than the locals at all fertilizer levels. 

We examined the separate components of 
On-farm tests focused on the evaluation of new grain yield--plants ha- 1, panicles plant-', and 
sorghum varieties, and the measurement of fac- grain mass panicle-' to measure varietal differen
tors causing the difference in yields ofnew varie- ces. The results show that the major limiting 
ties between those grown in farmers' fields factor for each of the test varieties was low plant 
compared to their research station yields, stand followed by low numbers of panicles 

The white-sorghum varieties ICSV 1002 -1V plant-'. In both the Sudanian and Northern Gui
and ICSV 1003 HV grown at 5 levels of fertilizer nean test sites, plant stand at harvest for ICSV 
application were tested by nearly 50 farnicrs in 1002 HV was 25% less than for the local vari
the Sudanian Yako villages, and the varieties eties. 
ICSV 1002 HV and ICSV 1004 HV by a similar Plant stands were only 68% of the local con
number of farmers in the Guinean Boromo trol varieties for ICSV 1003 HV and 57% for 
villages. ICSV 1004 [IV. In both zones varietal differen-

The plot size for each subplot was 100 M 2. ces in plant stand were significant at the 0.1% 
Each farmer was considered a single replication level of probability. 
in the analysis. Farmers were provided with free The number of panicles plant-' was severely 
test seeds and fertilizer, but they conducted all reduced by drought in the Sudanian Yako vil
activities themselves. ICRISAT enumerators lages. In the Guinean Boromo sites the overall 
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Tble I. M eleanyields (kg ha-') for test and local sarieties of white-grain sorghum -Itfive levels of fertilizerapplicatio. Farmers' tests results from 10 "
ill- lots, Yako anod Boronio study villages, Burkina Faso, 1984'. 

irain yields (kg Ia-'luertili'er -

applied Yako 1iorolin 
(kg ha-') . 

IC'SV 1002 l(',\' I0)3 ICSV 10012 ISNI5S:1123:K14 Urea Local I IV IIV Mean Local IiV I I 
1004 

Mean 
0 0 130 120 80 100 440 510 410 46050 0 200 200 130 160 580 670 540 
 590100( 0 230 25( 190 220 700 840 650 720300 0 380 350 290 330 850 950 590 790100 50 260 290 220 260 88! It 10 690 850 

Mean 240 230) 18(1 681) 790 581) 

+34SE +87 +104 +155 
The Siglfiicic,'I. ofeLlilIercCllCC inI c;llliClds bct\ico each test \iriet\ and ilhepaired local,i.riel\ \\ Stested using itorlc-tililedofIl an heI-test l dil.rlnclI ,.\Cell n Ice onl\ sillificalllt Cc \\as hctmccn tihIociI \ariet\tcl d palllS. dille.'rc 
and I('SV1004 IIV.i 10) Ikt h ';t-l 5:1'23:K I-1. 

average was 29('' plants tithout panicles. Y;pittle 
bug ( I'oolp/ilt. 'o.ali) attacks, ohscr, ed onl\' 
on the test varieties, and pooir- head exertion 
resiut.d i itsignificanldy hVIer ratio of aiinicles 
plant I for the test collixrted to tie local valie-
ties in both /ones. 

Compeusating for the lo\ nilumber of' heads 
ha , however, all test varieties had significafntly 
greater grain mass paticle 1.In Yako, the test 
varieties surpassed the local control \Iriet\ by 
38"j . and in 1iorono by 53'1. 

A revie%\ ofaverage 'i elds fromii farmters' tests 
in 1983 and 1984 shows that (WSV1002 IIV wiis 
illnetrly all cases superior to the local.:,lrieties 
under low-fertility conditions when railfalill 
exceeded 600 min, and under high-fertility con-
ditions \with rainfall itslow its450 ni. [his 
reflects the generally wide adaptlability of the 
variety. The low risk offyield failure under both 
low and high fertility reflected it yield distribi-
tions for 1983 ard 1984 demnstrate consider
able yield stabilitv o'et a rIa ofmg,: micro-
envirorinenitalI coriditins. ICSV 1002 IIV also 
responds well, probably better than local \arie-
ties, to imlpro\'ed soil tillage arid fertilit\ under 
ftrmers' management. 

We identified a number of problems with 
IC'SV 1002 IlV in fr'lners' tests which, ifelimi
nated. could result illsubstantially improved 
perl'brmallce and adoption potential. These 
inclde: (I ) poor head exertion under drotught 
stress. (2) susceptibility to spittle hug, (3) onl' 
moderate resistance to Sr,, (itsreflected in the 
number of'Strtka plants hill-'), ild (4)an overly
compact head \ hich contributes to hemi pteral 
infestation by \aritus hemlipterat heaid bugs. 
and gtrain quality problems. In view of the low 
seedling emerl'egece and plant stand rates 
observed it 1984 (in contrast to 1983 results). 
seedling estatblishmett Inder conttolled low
tillage conditions \will also be verified in further 
trials. 

Deterninants of Station-to-Farmer 
Yield Gap in West Africa 

trFarmers' tests since 1980 have showvrn that most 
elite varieties stiffer i yield loss of between 40 
and 60(" when transferred from research station 
trials to farmer's fields, even wVhet cultivated at 
si milar levels of fertili/er application (ICR ISAT 
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flirmerN s mIpls in on-fi fuI(II IS..Vl restei rrtherN ;11(I lisusiIn itel(I res-,eirclu in \West .\fricau. 

Annual IRepotl I')83. p. 312). \Ve conducted 
experimecnts inlthree situs during 19 4 to inca-
sUre thte principal cati,,Cs of thle yield. gap. I )ata 
Othi lr.+smna~~lceittetlt ohtaiitd frontl lallmci)l " 

Ic:'sts anld baseline ,, ,cv s siieuet.+S that is~ he-f 
Itor:. v~tere ilnpotillt; (I]) plitg or,dutirect seeud-
inig,12) litinol of fentiijier atpplication. (3) 
presence ofltied (4) irranuge-rid ge,,, p~lanting 
tncnt, and (5) \\'cedintg frelucncy. \\c tested 
these five fa.ctts aitt\\tomanal;.gemelnt levels 
,ecreblc statio~n ;niut~larme nuitn;micemen~t inla 2'; 
factorial design. theu actual factorls nlscd+ hie 
showx\nh itttble. 2lt rthe two\tfnlantigetttcnt levels. 
IC.SV 1(102 ItV \\;Issutt itt all trealtllntcns, attd 
100) kg N !4:t'23:K 15 hlaI and 51) kg urea ha i 

\s,'ere aipplied tltro~ugzhoUt. Thue experiment was 
conducted aitKamllboinls6 rese~arch stat ionlas well 
as intonet village each irt Itrotnomitnd Yakothet. 


iones. the c.\perihnnt aitKaintinsi failed 
coznpletclv due to extenided earls'- and mlid
sealsonl drouight. 

he fivecm Ilctttcit~lt f';ietols accotetd ltl 
(5( ielvc \aria+tion at the I~tl t site lind~9()1'7 
aitite 'Yako .,te. [he largest andi most s ignificanlt 

main effects \yere for tic(l ridgeing that increased 
yieldIs by ';+ in Yfiko and by 75'; in tiorotuto 
(liable 3). In Yfako., signif'icaint main effects (/-
0.1)5) were also tobsir ed for deepci plo\\ hmu (40+'7 
yield inlcr+eise) and timlyl \cedinge (2(0' yield 
increat'ise). Plow\ing and tied ridging tad atsignil
emitit tncgiti\ve itteraction ellect ttl 'ields inl 
Ya';ko. A signtilicatit pot,is c ilt+tt.'mit Ott wasi'. 

observecl bet\wccn plhs\ittg.\\cdeiug, and ;ttlittg 
of Ifertilizer application itt Yako). t'hi itndicates 
that tho~rtitl weed cotro~tl is moltst iunplta tt 
w\here carls+' Iertilti/et aPtlicationt and enihatuced 
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Table 2. Management factors 

Burkina Faso, 1984. 

Management factor 

Plov ing 

Time of fertilizer 
application 

Tied ridging 

Planting arrangement 

Weeding frequency 

I. D)AS Days after sowing. 

used at two management levels in determining station-to-farmer yield gap, 

Management level 

Station 

Deep plowing 

NPK before seeding 
urea 30 days later. 

Yes 

One plant hillI-' 
20 cm between hills 

Cmer between rows 

As necessary for weed-free 
soil surface 

Farm 

Direct seeding or shallow scarification 

NPK and urea at first weeding
 
(approx. 30 DAS),
 

No 

2 plants hill-I 
60 cm between hills 
80 cm between rows 

Ist weeding 30 l)AS 
2nd weeding 60 DAS 

Table 3. Sorghum yields (kg ha-') from five management factors applied at levels corresponding to research
station trials and farmers' tests, results of yield-gap trial (plot size 22 i 2 ), in two village;, Burkina Faso,
1984. 

Management 

factors 


Plowing 
Time of fertilizer application 
Tied ridging 
Planting arrangement 
Weeding frequency 

Mean 

SE 

Significant management factor 

interactions 

I. S= Research station. 
2. F = Farmers' field. 

"Grain yields (kg ha ') 

Yako Boromo 
F2S' S F 

1034 744 1376 1029 
881 897 1344 1061 

1030 748 1526* 879 
931 847 1151 1254 
969 809 1194 1211 

890 1200 

+39 +133 

Plowing x tied ridging 

(negative)** 

Plowing x weeding timing No interaction 
(positive)* 

Fertilizer application timing 
x plowing x weeding timing
(negative)* 
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soil moisture (due to land preparation) combine much of West Africa in the foreseeable future. 
to increase weed infestation. 

A comparison of several years' results from Effect of Phosphorus Fertilizer on 
on-station trials and farmers' tests shows that the Millet Yields and Farmers' Returns 
yield gap is less for local than for improved in Niger 
varieties. Since tied ridging and deep plowing are 
the major determinants of the vield gap, this 
reflects the fact that local varieties are generally Tests conducted in previous years (ICRISAT
better adapted to zero plowing but at the same Annua! Report 1982, pp. 3 6 7-3 6 8 arnd 1983, 
time less responsive to improved tillage prac- p.315) had shown that while presently recoin
tices. On-station trials previously conducted by mended improved ctiltivars had very ;ittle or no 
the SAFGRAD-supported soil water mratiage- advantage over local varieties at lo\,-input Iev
men, program (ICRISAT Annual Report 1983, els. fertilizer application increased vields of hoIi 
p.298) have also demonstrated significant local and improvcd cultivars significantlv, and 
response differences between local and that it could be profitable to apply fertilizers. In 
improved varieties subjected to various soil- order to better understand fertilizer response 
management trcatments, tinder farm conditions, tests in 1984 concen-

Neither tied ridging nor deep plowing are trated only on phosphate fertilizer response.
widely practiced by farmers for sorghum pro- We used a randomized split-plot design (plot
duction in the Sudanian orSahelian zones. With sizes 250 n ) test fertilizer response in trials 
few exceptions, most farm-level evaluations of managed jointly by researchers and fariiers. 
tied ridging have shown that major labor bottlc- TWo sources of phospo m1us,single super plos
necks and poor yield responses for local varieties phate (SSP) and partially acidulated (50%,)
tinder on-farm fertility condJitions constrain Niger Park W reck phosphate (PARP) were 
adoption. Inadequate animal health and nuitri- coirpa red at fotir le\cls of P,()5(0, 12, 24,aid 36 
tion, lack of manpower, conflict with timely kg ha-1) t,ing farmers' local varieties. We ap
sowing,and poor yield response oflocal varieties plied 30 kg N is calciiri anmnoniun nitrate 
to plowing similarly inhibit the adoption (CAN) all treatments. The nitrogen was apof ill 

mechanized plowing. More responsive varieties, plied intwo split doses, approximately 15 days
particularly those which have a somewhat short- after seedling emergence and 30 days later. The 
er growth cycle and could relieve tie labor con- phosphorus was broadcast but not incorporated 
straint, could make both practices more at the time of plot layout, 2-4 weeks before 
economical. Conversely, these practices may be sowing. 
necessary complements to ensure the perfor- The tests were condtucted in about 30 farmers' 
mance of new varieties in farriers' fields, fields ill each of the four villages where baseline 

However, for br,,ad adoption of'sorghun va- studics are being conducted. Fertilizer applica
rieties, especially true for farmers who lack the tion, harvesting, arnd recording of test results was 
capital or naipower to introduce complerien- monitored by research technicians. Farmers 
tary soil management practices, sorghum varie- sowed their own varieties and carried out all 
ties more tolerant to low-tillage management are their usual cultural practices.

essential. The continued selection and develop- Each farmer had four 250 m2 plots- -the zero
 
ment of new varieties solely under conditions of treatment, one level of SSP, the same level of
 
deep plowing and tied ridging makes it irnpossi- PAR P,and a diffcrent dose of either SSP or
 
ble to screen for this trait. The systematic screen- PARP. Thus, every treatment occurred 16 tinics
 
ing of varieties under low-tillage conditiens in a 30-household village, excep, for the zero
 
could reduce the station-to-farmer yield gap by treatment which occurred 30 times.
 
producing varieties better adapted to soil- Rainfall in all the study villages was substan
management conditions likely to 
dominate in tially lower thian the long-term average (Table 4). 
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Table 4. Annual rainfall (i) in four villages in 
western Niger where farmers' tests were conducted 
in 1984. 

Long term 
Villages average 1982 1983 1984 

Dallol1 Bosso 600 
Fabidji NA 410 369 
(Gobery 540 392 422 

7.aman,1glldal 400() 
Sadeze Koia 240 361 15 
Sarnari NA 345 160 

I. NA = not a,;taila:hc. 

While the southern villages (lahidji and (joh-
cly) received enlough rainlall to allow crops to 
reach nlatitrilv and harvest, the rainfaill in Sadc-
i.c Koira (only60(' of 1983 ralinflall) and Samai, 
(only 46(" of 1983 rainfall) \.as insuflicient to 

allo\ a h;are\st. MIIticulaIrI\ as lae rains in Sep-
teillher flcl ((,o late to h oftusc to tlie iiillet crop. 
[hlis the liiers' tests ill these two \illages pro-

dtA''cd ,o \ield, 'as the C.SC \eaeith \ i tiallv'allyC s 
the frlllcrS' fielIds. 

1BccausC of the drought silualtio millet giaint 
yields were very low. Macan graiin yields were 

44-130% higher for all fertilli/ed Compared to 
nonlfertilized treatments that received fertiliz.er 
except for the 12 kg P applied as PARFP in 

Fabidji. But these increases werCsiignificant ( P = 
0.05) only at the 24-kg andt 36-kgP levels except 
for the 36 kg P as ,ARl, ([ahle 5). [he high 
variation in yields within trcatit.ints, as indi
cated by the high sandatrd d&\iatMos, shoe\'Cd 
that other factors I ad much effect oil the yields. 

W e applied the partial budget aialysis to 
examine the economics of fertilicr use tnder the 
cOnditions pre\, iling in 1984. Siric, thetexplora
tor'.V regression analysis had indicittCd the imnpor
taInc of so\inlg (ate. to bC iIlinCdiiedtl\ aftcr t 

first rain, aMid Llnanlity of fe'rt ilicr in Cxplaiiling 
yields, the farmers \\crC di\ idCl into 16 grnlps
based on these criteria xili \illagc location 
replacing rainfall. lhe characteristics of the 
groups ar slho\\ n in lable 6. Since group s (late 
som'ing with 36 kg phosphorus in abidjii) con
rained only one valid ease, it \sas not included in 

the analysis. 
Ihe results inI [able 7 slio\%that oil the aver

age. firanniAl IrturnS It liriI Site \\er. positiVc 
for all groups and \were highest at 24 units of 
phlosphorus 'heln the crop was Sown n[ time 
(within 4 days of the first tn:jor rainfall). Late 
sowving restilted in srbstanitiaI dLc,:reases in net 

Table 5. Mean yields (kg ha-') for local pearl millet varieties at four levels of phosphorus, farmers' tests 
results, western Niger, 1984. 

Mean yields (kg ha-1) 

Fahidji (;tll\,r 

PARP" SSP PAR 1) SSIPPhosphorus 
(kg la - ) Mean SI) Mean SD Mean SI) Mean SD 

0 140 +65 140 +65 130 +100 130 84
12 140 118 210 1 190 118 190 +109 
24 220*1 72 260* 123 200* 109 320* 148 
36 210 122 230* 99 240* 139 290* 104 

SE +44 +25 26 +68 

1.PARP= Partially-Acidulated Rock Phosphate. 
2. SSP = Single Super th'l, lime. 
3. Probability level of significaice outdifferece of mean yields between each level/source of' Ferrilizer and the treatment 

using two-tailed i-tests is * = 0.05. 

http:fertiliz.er
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Trable 6. Pearl millet grain yields (kg ia-'), timeliness of planting, level of phosphorus, and grain/fertilizer 
ratios for different groups in two villages, western Niger, 1984. 

Group Number of plots 

Fabidji 
1 17 
2 14 
3 17 
4 20 
5 5 
6 8 
7 5 

Gobery 
1 20 
"2 16 
3 23 
4 21 
5 8 
6 9 
7 5 
8 7 

I. T= Plnting within 4 days ofthe first rain. 
L = Planting more than 4 days after the first rain. 

2. Nur'ient basis (kg ha-1). 
3. Kg millet grain per kg phosphorns applied. 

revenue particularly in Fabidji, where total rain-
fall was lowser than in Gobery. At uinsubsidized 
world market prices of fertilizer, net returns were 
substantially reduced, but remained pcsitive for 
all groups in the higher-rainfall village (Gobery). 
They were negative for late-sown crops in 
Fabidji, and at 36 kg phosphorus, even when 
sown on time. 

We conclude that provided farmers sow their 
millet crop on time and there is sufficient rainfall 
to harvest a crop, phosphorus fertilizer applica-
tion up to the 24-kg P ha - I level is likely to be 
economical, 

Contributions of Production Factors 
to the Returns from Improved 
Vertisol Technology 

We used the data collected from the on-farm 
research site in Taddanpally village of Adlhv, 

Mean SI) L' pi M/I1) 

155 64 T 0 
216 141 T 12 5.1
 
265 99 T 24 4.6
 
231 106 'r i16 2.1
 
102 37 L 0 
119 43 L 12 1.4
 
142 37 L 24 1.4
 

151 115 T 0 
208 98 T 12 4.7
 
265 118 T 24 4.7
 
288 135 T 36 3.8
 

65 61 L 0 
118 74 L 12 4.4
 
172 80 L 24 4.4
 
188 40 L 36 3.4
 

Pradesh during 1981-82 in modeling representa
tive farms to evalate the adoption potential of 
the improved Vertisol technology (ICRISAT 
Annual Report 1983, p.3 15) and to measure the 
consequential chianges in factor shares. 
The whole-faltrm models show that the im

proved technology caln be expected to be 
adopted on operated land of175f'j snall, and 90,'i 
large farms, and that it off-ers attractive rates of 
return on extra costs. lhe improved technology 
raises gross revenue substtntiallv on both l'arm 
types (Table 8). As a result, absolute values of 
returns on almost all factors including human 

labor rise sharply. 
The factor share of capital rises with the 

improved technology mainly because of the 
introduction of the wheeled tool carrier (WIC) 

and increased fertiliter use. For both farmt types, 
75(' of the increase in returns is (itle to increased 
fcrtili/er use. The factor share of bullock labor 
declines by about 10% because the WTC 
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Table 7. Analysis of returns to phosphorus fertilizer use in pearl millet production in western Niger in 1984,using domestic market prices for grain and straw, and subsidized fertilizer prices (F CFA ha-'). 

Returns 

Gross revenue Total cost Total NeiFarm group (000 (FA) (000 (TA) (000 ('FA) (00!) (TA) R/P . 

Fabidji 
I 26 3.3 23 - _
2 34 5.7 28 5.5 3.33 41 8.1 33 10.1 3.14 37 10.5 27 4.1 1.6
5 18 3.3 15  _
6 21 5.7 15 0.5 1.27 23 8.1 15 0.5 1.1 

Gobery 
1 22 3.3 19 - _2 30 5.7 25 5.5 3.33 39 8.1 31 11.8 3.54 42 10.5 32 12.6 2.8
5 II 3.3 8 
6 18 5.7 13 5.1 3.I7 27 8.1 19 11.3 3.3
8 29 10.5 19 11.0 2.5 

1. Prices used are the aserage of prices paid by r 
i1rlnels in the study villages i.e., 130 F (FA kg-I Ibr millet grain,


8 F('A k.' Mwmillet straw. 1( CF\ kg-' lOr N. and 2(10
. (F I TA kg-' lir P. 
2.('hllIl1e duC to frli ior use. 
3. Net returns t ( 1 I1A) invested in phosphate fertilzer, 

Table 8. Impact of improved technology on returns to factors (results from whole-farm modeling, 

Taddanpally, India). 

Small lIrm (1.53 ha) large llhrm (6.88 ha) 

Traditional Improved Traditional Inproved
lecllltology technology technology technology 

Factors (Ws) )(' (Rs) (%) (Rs) (%) (ls) ('!1) 
Gross revenue 2870 100 6565 10) 10930) I0 . 10120) 1 .00Land 794 27.7 1(157 16.1 3570 455021.1 15.1

Labor 576 20.1 932 14.2 4120 24.3 5327 17.7 
Capital 

Non-land assets 192 6.7 307 4.7 2535 15.0 2965 9.8
Irrigation infrastructure 0 0 1962) 0 I1.6 1962 6.5Wheeled tool carrier 0 0 I 5 1.8 ) 0 -130 1.4Variable expenditure 797 156127.8 23.8 5434 32.1 8445 28.0Fertilizer 37 1.3 710 10.8 900 5.3 3600 12.0Bullock 193 6.7 173 2.6 8.2 4.01385 1213

Total capital 989 8o834.5 28.5 7970 47.1 11410 37.9Residual 511 17.8 2708 41.2 1271 7.5 8833 29.3 



Lconomics 329 

increases bullock labor efficiency by a factor of chickpea. Similar requirements were found for 
2.15 over traditional ;mplements. Although not the Farhatabad area of Karnataka, where the 
accounted for by tile model, tile overall demand loan should amount to Rs. 1050 ha-I a-' ranging
for bullock labor may increasedue to the derived from Rs 600 for postrainy season sole sorghuml 
demand for transportation because ofadditional Ito Rs 1450 for intercropped groundlnlt /pigeon
inputs and outputs. pea. [or the Begumgani area an ave rage amount 

With improved technology, the factor shares of Rs 2050 h I a wonutd' be reLired, ranging 
of almost all factors except fertilizer decline sub- from Rs 1200 for iutereropped sorghuin pigeon
stantialIly, indcating factor-saving technological pea to Rs 3000 for soybeinIlOllowcd Sequnentially 
cha nge. by wheat or chickpea. These figures are very

L.abor's share in increase(] revenue comes sensitive to changes il input prices, therefore any
second to fertilizer. The degree of increased designed scale of finance has to be sufficiently 
revenue due to labor (917 ) compares favoralblv flexible to adapt to local conditions and current 
with estimates of 2 to 5(i obtained for the high- prices. 
yielding varieties of wvhcat and rice. ILa ior pro- We employed whole-farni miodels to evaluate 
duces a higher proportion of increased gross the adoption potential for the iilirovcd technol
revenue than land, which indicates that tile ogy and tile corresponding credit needs. The 
improved technology has potential to algient resuilts (Table 9) show how credit may affet 
land and labor use. adoption of tie improved technology. Without

The impact of' tile improved technology on institutional credit availability, the adoption 
income distribution can be \'icwed by linking the level is nil on sniall farms, 17CIon mediul 
functional distribution of income for factors of farrns, and 16"1 on large farmfs. When credit of 
production with tile personal distribution of Rs 1200 haI to small farms, Rs 940 hai I to 
income for different socioeconomic grouips. niediun farms, arid Rs 980 hli to large farnis is 
With the improved technology, small farms that made available, the adoption potential for tie 
comprise 76);j of the saiple, receive 36( of the improved techiiology goes up to 9 1, 77, and 80('j
total net income when they only have access to on these farms. For adoption on about 75"i of 
local technology. With 'lie introduction of the land, credit levels of about Rs 600 to Rs 700 
improved technology their income share rises to ha-I would be required 'or farris of all sizes. Inr 
43%, while the income share that goes to large comparison, the credit supply at present in India 
farms falls from 64 to 57('i is on avcrage Rs 324 hia I i.e., considerablv below 

the required levels of institutional credit. l'hie 
Credit Needs of Vertisol Technology figure of Rs. 700 ha I adopted by the Andlira 

Pradesh Depart rnit Of AgricUIttire to finance 
Cash on hand to meet variable crop expenses is l'addanpally watershed farmers is below tie 
one very important factor that may limit tie level required for maxirium adoption, but it 
extent of transfer of Vertisol technology ii tie would seem to be sufficient for adoption on 
credit-starved economy of dryland regions of approximately 75(7 of the land. 
India. Our surveys at Taddanpally and Begurn
ganj show that short-term cash requirements for Prices and Costs of the Wheeled 
the improved technology are twice as much as Tool Carrier 
for local technology. The additional require
ment is in the range of Rs 600 to 1300 ha-I and The prices quoted for tile WTIC vary between 
varies from region to region. Mantfacturers and with tile number of irnple-

In the Taddanpally, Sultanpur area, the crop rients supplied with it. When a WTC is purchased 
loan should be around Rs 1000 ha- I a-', ranging with a full set of implements, its price varies 
from Rs 400 for postrainy season sole sorghum between Rs 12 500 and Rs 15 000. [Howvcer, not 
to Rs 1550 for sequentially cropped maize- all implements are necessary to practice tile 
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Table 9. Potential demand for and repayment of institutional credit with improved and traditional 
technologies, Taddanpally, 1981/82. 

2. Shadow price the calculation of notional or imputed prices where thev are 

With deep Vertisol technology 
With traditional 

technology 

Farm size 

Credit 
level 

(Rs ha-') 

Credit 
utilized' 

(Rs farm-') 

Shadow 
price of 
credit 2 

(Rs) 

Improved 
technology 
adoption 

(%Yo) 

Credit 
utilized 

(Rs tharm-') 

Shadow 
price of 
credit 
(Rs) 

Small 0 
150 
300 
700 

No limit 

IF' 
200 
500 

1100 
1840 

IF 
3.42 
2.53 
0.97 
0 

IF 
30 
39 
90 
91 

IF 
IF 
IF 
1100 
1360 

IF 
IF 
IF 
0.23 
0 

Medium 0 
150 
300 
700 

No limit 

0 
500 

1000 
2300 
3130 

4.26 
3.82 
2.55 
0.65 
0 

17 
33 
54 
75 
77 

0 
500 

1000 
1780 
1780 

4.69 
0.87 
0.26 
0 
0 

Large 0 
150 
300 
700 

No limit 

0 
1000 
2100 
4800 
6760 

4.14 
3.59 
2.83 
0.71 
0 

16 
33 
55 
91 
80 

0 
1000 
2100 
3940 
3940 

2.97 
1.17 
0.64 
0 
0 

1.Institutional credit requirement b)optimal programming solhtion. 
= not obtained front mar ets.3. IF = infeasible programming solution and, hence, ineasible farni business i.e., the farmer would be in debt. 

improved Vertisol technology. Only the follow-
ing implements are necesssary: 2 moldboard 
plows, 2 ridgers, 5 duckfoot sweeps, 4 blade 
harrows with!rut shanks, a steerable tool bar, a 
link chain. 7 clamps, one yoke, a cart frame, and 
i manual seeder. With these implements, the 
lowest prices listed by Manufacturers were Rs 
85 10 for an assembled Tropicultor and Rs 9010 
for an assembled Nikart (Table 10). Since WTCs 
are composed o1 several modules, buyers can 
purchase them from the manufacturer who lists 
the lowest price for a particular module. Calcu-
lated on the basis of the lowest listed prices for 
individual modules, the price for aTropicultor is 
reduced to Rs 7995 and for a Nikart to Rs 8145. 

Fully assembled sets of WTCs and modules 
are presently produced only by a small number 

of manufacturers who may. in the short run, ask 
for higher than competitive prices. In order to 
arrive at a competitive price estimate for WTCs 
produced by a manufacturer,two estimates were 
calculated. First, we obtained market 'rices for 
the elements of WTCs e.g.. raw materials, nuts, 
bolts, chains, etc. These prices, when multiplied 
by the quantities of material contained in WTCs, 
plus labor costs and 20% overheads, resulted in 
an estimated cost of Rs 7405 for a Tropicultor 
and Rs 7765 for a Nikart. 

Alternatively, we regressed market prices for 
widely traded modules that are similar to those 
used in WTCs, e.g., plows, ridger, seed drills, 
etc., on their weight, and from these regressions 
we estinated the prices for WTC modules. Esti
mated in this way, we expect prices for the WTC 
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Table 10. Summary of price estimations (Rs) for wheeled tool carriers'. 

Minimum Minimum 
With necessary listed module 
implements price price 

Tiopicultor 8510 7995 (6.0) 2 

Nikart 9010 8145 (9.6) 

Estimated price Estimated price 
from tk.rost from price-weight 

analysis relationships 

7405 (13.0) 6825 (i9.8) 

7765 (13.8) 6590 (26.9) 

I. These estimates were obtained on the basis of'price quotations in November 1983 and price observations in February 
1984. 

2. Figures in parentheses are percentage price reductions from nininuni listed price. 

with necessary implements ef Rs 6828 for a Fro-
picultor and Rs 6590 for a Nikart. 

Production and Sales 

At present there are five small-scale manufactur-
ers of the WTC in ltdia who bega'n production 
between 1978 and 1983. Of the 78% WTCs sold 
as of March 1984, about three quarters have 
been purchased by government institutions 
mainly for subsidized sale to farmers (46%) and 

'fable 1i. Buyers of wheeled tool carriers (WTCs) as 
of March 1984. 

Buyer Machinessold Percentageof',otal 

Farmers 24 3 

Non-government institutions 
for testing and evaluation 47 6 

Government bodies: 

total 581 74 
for subsequent subsidized 

sale to farmers 361 46 
for demonstraion 204 26 
for testing and evaluation 16 2 

Foreign 24 3 

Uncategorized 110 14 

for demonstration (26%). the rest were used for 
testing and evaluation (see Table II). The sub
sidy for WTCs may be as high as 80%. Nongov
eminent institutions have purchased about 6% 
of the WTCs sold and use them mainly for test
ing and evaluation. Since 17% of the WTCs were 
exported or went to unidentified buyers, the pro
portion of WTCs known to have been bought 
directly by individuals at unsubsidized prices 
amounts to only 3%. This small number of free 
transactions makes assessment of demand and 
supply fe- WTCs only on the basis of their 
market rrices and quantities traded unreliable. 
In this situation, it is appropriate to estimate 
minimum costs of production as an indicator for 
supply and to identify important economic con
siderations affecting detnand for WTCs. 

Future demnand for WTCs is likely to remain 
low at present listed prices and estimated 
reduced prices. In a survey of farmers in Madhya
Pradesh in 1983, where the improved Vertisol 
technology appears to be highly suitable, 

farmers who did not own WTCs indicated that 

they would, on average, be willing to pay only a 
maximum price of Rs 3300 for a WTC. 

Resource Management 

Land Use, Tenure, and Inheritance 
in West Africa 

One objective of our Village-Level Studies(VLS) has been to identify the principal trends in 
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Table 12. Changes in population densities in ICRISAT study villages, Burkina Faso, 1975-1983. 

Village Ecological zone 

Oure 
Silgey 

Sahelian 

Kolbila 
Ouonon4 

Sudanian 

Koho 
Sayero 

Guinean 

1. 'alculatcd from maps made fiom 
Conducted in the villiges. 

2. Olicial census data. 
3. I('RISAT survey dta. 

Regional 
poptulation 

Population density in
Village Population density 1975
 

territory 
 (habitants
(ha)' 19752 19831 1975 1983 ki- 2) 

1875 25 
1552 481 636 31 41 

1946 905 1321 47 68 60 
- 868 1224 

1316 962 1145 73 87 30 
3845 867 931 23 24 

aeriAl photographs taken during Dccembcer 1981 and subsequent lieldwork 

4. Aerial photographs %ere insulficienlly clear to allow mapping oUlOuonon. 

very similar to what was found in Koho. Over 
3000 ha, or 78% of the land was lying fallow. 
There were 180 ha (4,C) of virgin gallery forest 
remaining, 

Average farm size was appi oximatcly 6 ha in 
both villages. Thus armi size in Koho does iiot 
seem to have been reduced with increased 
crowding. What we do find, however, isa change 
in tile proportions of richer river valley Iand 
cultivated. In Sayero about 13(( , of rlarni d is 
located in rich lowlands, whereas in Koho only 
3% of the farniland is of this type. This is not 
apparently the result of asignificant difference in 
the distrbut ion iOfthese soil types inl their respcc-
tive territories, for the aerial photographs indi-
cate that they both have similar amrnou nts Of 
lowland- 5.7% of all land in Koho and 7.7% in 
Sayero. It is probably because of crowding that 
Koho farmers are farming relatively more land 
higher up where the soils are poorer. 

The land tenure systcms in operation in Koho 
and Sayero clearly reflect the differences in pop-
ulation pressure. In Koho the cultivation rights 
to particular pieces of ground, even when the 
land is fallow, are generally heritable. Sayero on 
the other hand, still has a rather classic long 

fiallow usufruct system for bush fields. All such 
fields revert to the whole conin unity, whose 
interests are represented by the village chief. The 
land then is cleared and cultivated aftresh after a 
period of 20-30 years of hfallow, but not liccessar
ily by the same person, fiamily, or even by 
members of the same lineages who last used it. 
Heritable cultivation rights are confined to the 

more permanently cultivated lands inmiediately 
surrounding the village. 

The cffect of, rising population density roi 
security of iteture was ambiguous, depending on 
whether lhnd was inherited, borrowed, or 
cleared f'rom unclaimed bush. Intboth villages, 
for fiCls continsly cult Ita ted arotniid habita
tions, cultivation rights were generally rctained 
by individuals or by their families. In Koho this 
was even true of bush fields, many oflwhich were 
passed down from f.ather to son even throughout 
a long period of fallow. The land could not be 
allocated to someone else without prior consul
tation with the farner who had last used the 
land. In Sayero the fallow land was sufficiently 
abundant and the length 0f fallow sIifficiently 
long (25-30 years), so that old fields are often 
recultivated by persons other than the descen
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dants of those who had cultivated them last. 
In Koho where land is becoming scarce, leas-

ing or lending for more than several years has 
become extremely rare. This is because having 
once lent out their land, owners may have great 
difficulty in reclaiming it. Such long-term leas-
ing or borros\ing arrangements in Koho, when 
practiced, provide substantial security of ttcIurc 
to borrowers to the extent that cultivation rights 
can be passed down from father to son despite
the fact that the latter still acknowledged th 
field as leased land. On the other hand, the more 
recently leased land is held fIr less securely. Ici-
ants admitted that they could he asked to gist up 
use of the land arid in some cases thcreapptears to 
have been a time limit on tle lease arranged from 
tle beginning. It is possible that the more inflexi-
ble and insecure conditions for land borrowed 
on such short-term arrangter tsrav be a disir-
centive to better rnriageriierit. 

For example, an analysis of ttchnomgoV and 
fertilizer use oinborrowed fields in Kohio (which 
represented a small fraction of total cultivated 
land) indicated that only 3(,"* of the recently 
borrowed fields were plowed, and only 20('( of 
them were treated with fertilizer, while on irihicr-
ited borrowed fields, 50(' of t he fields s'ere 
plowed and 60( of them received fertili/er. 

Traditional Management of Soil 

Fertility in West Africa 


In the crop-growing areas of tie West A frican 
SAT, mounting population pressure has re-
suited in traditional long bush-faillow systems 
giving way to more intensive short grass-fallows 
and continous cultivatiori systems. II areas 
where population pressure is highest, such con-
tinuous low-input cropping has led to severe soil 
degradation problems which have ineasurablv 
reduced the soils' production potentia, l.armers 
are adopting various practices to maintain soil 
fertility. 

To examine traditional methods of soil-fertil-
ity maintenance and their effects on long-term 
soil quality, we made a study within the ICRI-. 
SAT village study program. The study combined 

intensive field surveys and laboratoryanalysis of 
soil samples taken from farmers' fields. Analysis 
completed to date has concentrated on data 
from Nonghin, one of the two study villages in 
the Ma nga region ( 1200 inni long-term a'crage 
annual rainfall). Population density in Nonghin 
at 40 persons ki : is niodcrately' high. 

Management Rings 

Arial\sis of six \ears of rctrospcct ivc data from 
185 fariiers' fields found that fields could be 
grouped into five elementar\ soil-fertility man
agtrnent sub-sets acc0rdlirte to their (I) cropping 
sCtluence, (2) Irtili/er application sequence, (3) 
soil preparalionl seqtcIc. allrd(4) conservation 
methods. Ihese sub-sets in turn r closely 
correlated illi distance froril habitation points 
and, for siliplificatior, could be further grouped 
into three colcellric Inillag llilll lringsellitlln 
irg frol each household (f able 13). 

(mlti\ation is LLuasi-peCrIImztinai, * the first and 
seConld rings, but follo\s a fallol\ iotatiol intie 
third ring. Fertility in the first ring rirairtrired 
by applicatio of large quatities of orgaiiicimat
ler. Complemented bv amt i-erosion dikes !o 
reduce runoff loss. Nct r-coritilruous cultivatiOn 
is maintained inthe second ring through moder
ate doses Of rillUre and chemical fertilizers,
 
low-level cowpca iitercroppiig, and tile i iclu
sion of groundirts in rotatioi. Ciropping is least
 
intensive in the third ring \\'hcre fertilit' is main
tained by frcquelt fallo\srig and by cultivating
legumes as inttercrops and ilr rotation. 

-
The Value of production ha I and labor hr is 
highest iln the inner rings, reflecting the coin
binncd effcts of rimrianure use and cropping pat
tern. Regression analysis shows that at tile 
margin, the production response to manure is 
large and significant only il the outer ring. This 
means that important aggregate production 
gaiis could be achieved through a reallocation 
of manure to fields more distant from dwellings. 
This may be cxplained simply by transport costs 
of maniure: hlt tie previi ing land tenure system 
may leave the iidividual owner uncertain about 
his access to the same land iii future years and 
therefore restrict his investment on this land. 
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Table 13. Production characteristics of soil fertility management rings on farmers' fields, Nonghin, Burkina 
Fas,. 1981. 

Characteristics 

General 
Distance froni household (m) 
Total cultivated area (%) 
Major crops 

Management practices 
Years of tallow in last 25 vears 
Manure rate (kg ha-') 
Chemical fertilizer rare (kg ha-') 
Fields with permanent anti-erosion 

devices (%1) 
Density of cowpea intercrop (pilnts lia-1) 
Fields planted to grounidnut in past 

6 years (%) 

Total plant density (plants ha-') 

Labor time (Ihha-') 


Product ion 
(;rain yield (kg hla-') 
Va lire of'outpt ha-' (FCFA ha-') 
Valle of output labor I' (F ('A h-') 
Elasticity of grain production to manure use 

Management Effects on Soil Quality 

To infer the dynamic cffccts of management 
practices on soil fertility, we statistically tested 
five measures of soil quality, contrasting the 
values obtained from afallow fields wvith those 
from each interior management ring. To captunre 
the effect of the duration of cu ltiVation on the 
chemical fertility inside each management ring, 
the soil samples froni each ring were stratified by 
soil type an(h by field-age intervals for statistical 
analysis. The results of the inter-ring compari-
sons showed that the chemical fertility of uphlnd 
soils actually increases with more initers ive culti-
vation as practiced by farmers. All fertility nlea-
sures improved soils compared to those in fallow 
fields, with the largest and most significant 

Management ring 

1 2 	 3
 

0-40 40-410 410-3051
 
3 23 74
 

Maize Red sorghum Millet
 
Red sorghum 	 \White sorgh umn White sorghumn 

Cowpea C(owpea 
Groundnut Groundnut 

2) 3 	 II
 
8900 1010 35
 

9 II 6
 

94 16 1I
 
20 1250 3980
 

0 35 40
 
28 400 35 700 44 200
 

620 600 	 520
 

2110 1510 490
 
170 000 61 000 27 000
 

270 100 50
 
0.11 0.05 	 0.25 

increases observed on the more intensively culti
vated center area. The age analysis for upland 
soils also showed anilinalbiguous improvement 
in chemical fertility with longer periods of culti
\ation on gravelly soils inside tile intermed iate 
rings aild on sa ndv soils inside the inner ring. No 
clear trends were observed in the age analysis on 
other soil types and for other managenent rings. 

In contrast to the net improvement of the 
chemical status of soils with more intensive culti
va tiori. there was evidence from the analysis, con
firmed by farmers' comments, that the 
textural composition of certain soils is degraded 
through an increase in cultivation intensity, lead
ing to a decline in water-holding capacity. 
Farmers explained that due to increased erosion 
caused by clearing and subsequent tillage, the 
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most common sandy soil of their village had 
evolved over time to a sandy gravelly soil type. 
Laboratory analysis confirmed that the latter 
soil type had a lower water-holding capacity"and 
may well ha ve e'oled from the foriter. Analysis 
of field ages also confirmed that the fields 
located on the sandy gravcllv soil had been culti-
vated for a substantiallv longer period of' time: 
and tunder a greater acrage intensity of land tuse 
than those fields locatCd on the sanvd\ soil type. 

These resuItsI. l Iesti olt the collnilon belief that 
current lo\-inptt farming practices tend to 
deplete the natural chemical fertility base ofsoils. 'Irotgh th use r gSeof 1nic 

fertili/Crs aid by '1o1ilegitte.otatiot or,i 
a., ittercrops, lfa rt.s I slib able to tlain taitI ot 
linpro c the fertilitv of soils ts fallo\ periods are 
shortened. I lo\k ever. intensificd cultisatiot Iniv 
induce the less res.cfrsible problem of phvskical 
degradation in soils. I his emphasi/es the need to 
declop appropriate mnethods to redu,.c top-sotil 
loss as all rmnledia.te irioF M tor research and 
extenion for areas of incresi ng a 'mi e 

intensity. 

Resources atd Productivity of 

Traditional Farms in SAT India 


We generated comparable data ott resources and 
productivity for all the Indian villages under 
study by the Fcononiics Progratt (ICR1ISAl 
Annual Report 1982. p.315). Average opera-
tional holdings ratige from nearly 3 Ia iii the 
(i atat 5illages to) aboutt 6 ha itt the Nial arash-
tra villages. In these Vilhagcs, dirting 1980)-82 
av'erage hiousehold inucornes per capita were 
found to range from Rs 800 to Rs 12t0. Incomes 
were lowest in tle Madlhva Pradesh villages 
where high ra inlfall (I 300 mii) and deep Vert i-
sols liave led to traditional farming systems of 
fta llowing during the rainy seasotn and crop pro-
duction ott residual moisture in the postrainy 
season. Highest inconies arecgterated in the 
Malarash tra villages where assured rainfall (800 
mim) and shallow- to medium-deep Vertisols 
permit farming systems of intensive rainy season 
cropping with a high proportion of cotton as a 
commercial crop. 

" 
. . 

7]" 
T. 

' 

-

African trainees watching women demonstrate local
Ihand -i,eeding techniques during a isit to ann Rl-

SAT stud) village in India. 

Ihe tust,ally high yields of pearl millet inthe 
(iu.farat villages are explained by the fact that 
fkirmiers here are gr~o\i;g pearl millet as an irri
gated crop under high-itiput management (Table 
14). 

CommotI Property Resources 

lie results oii contribution ofcommnon property 
resources (CPRs), such as community pastures, 
Iorests, wastelands. ponds, watershed drainages, 
etc. to local firming systems reported earlier 
(ICR ISAT Annual Report 1983, p.335) for a few 
areas were further confirined by additional data 
from more areas. labor and snmall-farn house
holds relied much more otn CPRs than hirge
farmi households. Gcnicrally, in arcas with higher 
populitiott detsi ty t lie proport ion of total land 
arca used as C ,PRsis low. Over tlie last 30 years 
the total CPR area has substantially decreased. 
In all the areas studied, we found that CPRs 
have been privatited on an extensive scale. An 
important leature of privatization of CPRs is 

http:rmnledia.te


Table 14. Features of traditional farming in study villages from four states in SAT-India. 1980-821. 

Aurepalle 
and Dokur 

Particulars (Andhra Pradesh) 

Shallow and 
Soil type medium Alfisols 

Normal annual rainfall (mm) 713 
Average number of household members 5.96 
Average size of operational holding (ha) 5.08 
Number of bullocks/10 ha of operated land 2.16 

Input use (Rs ha-') 
Manure 65 
Fertilizer 83 
Pesticides 8 

Land productivity (Rs ha-) 
Gross return 3109 
Net return 1904 
Income (Rs capita-') 1006 
Assets (Rs '000/household) 24.7 

Cropping system 2 

Intercropping (%) 49 
HYV (%) 34 
Irrigation (%) 50 
Postrainy cropping (%) 20 

Yield (kg ha-') 
Sorghum 278 
Pearl millet 468 
Pigeonpea 138 
Chickpea 328 
Groundnut 986 
Other major crops 224 

(Castor) 

Shirapur 

and Kalman 


(Maharashtra) 


Medium and 

deep Vertisols 

691 
6.55 
1.43 

1.01 

11 

15 

1 

2431 
1795 
1005 

26.5 

45 

3 

23 
76 

455 

-
225 
339 
881 
238 

(Sunflower) 

Village means
 

Kanzara 

and Kinkheda 

(Maharashtra) 


Shallow to 
medium Vertisols 

817 
5.82 
5.77 
2.27 

32 

119 

23 


3905 
2617 
1156 

24.5 

81 
17 

22 

4 

956 

-
-

389 

715 
804 

(Cotton) 

Rampur Kalan Boriya and 
and Papda Rampura 

(Madhya Pradesh) (Gujarat) 

Medium to Entisols 
deep Vertisols 

1330 802 
6.0 5.26 
5.14 2.89 
3.40 2.94 

20 68
 
12 131
 

116
 

2441 4383 
1777 1586 
796 1042 
33.8 39.4 

33 45 
- 57 

34 3 
82 16 

204 421
 
- 1478 

243 247 
441 329
 
- 804 
530 490 

(Soybean) (Castor) 

1. Results from 30 sampled farming households in each village. 2. Percentages of total cropped area. 
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that in most cases the CPR lands went not only 
to the landless but alsa to those who already had 
a sufficient amourm of land and were not origi-
nally intended as recipients. In some Rajasthan 
and Gujarat villages nearly 60% of CPR lands 
have been acquired by farmers whose land hold-
ings exceeded 10 ha. 

CPRs not only declined in area, but were also 
degraded in terms of physical productivity. 
Marked changes in the composition of the vege
tative cover and a corresponding decline in the 
yield of physical produce was reported in all the 
areas studied. This degradation is the conse-
quence of a 	slackening in the enforcement of
traditional measures to regulate CIPR use. Such 
regulations were formerly strictly enforced 
under .agirda riii/Zami nda ri systems where fel-
dal landlords derived income from imposition of 
CPR-usage regulations. CPRs today are neil ter 
protected nor maintained through contribution 
from the users. Now entry taxes are not levied 
from users, thus making the CPRs more freely 
accessible,

We note several consequences of this decline 
in area and productivity of CPRs. 

* 	 CPRs are insufficient to offer full sustenance 
to the livestock dependent on them, and 
therefore large and medium farmers are sup-
plementing their fodder base by providing 
stall feeding and private grazing to their 
animals. 

* 	 Animals belonging to the poor that depend 
largely on CPRs, are considerably inferior in 
health and productivity compared to animals 
maintained by private resources. Associated 
with this are lower conception rates, higher 
rates of miscarriage, and shorter lactation 
periods of milch stock sustained on CPRs. 

* The decline in area and productivity of CPRs 
has led to increased reliance on farming sys-
tems based on private resources. the implica-
tions of which are an increasing need to adopt 
farming systems that provide more fodder 
and allow time for intensive animal care, 

* Those small farmers who are finding it diffi-
cult under these conditions to maintain milch 

animals or bullocks will be forced to operate 
without their own animals, a fact which has 
several implications in terms of declining 
input supplies from livestock for crops. 

Behavioral Studies 

Credit Markets in Rural South India 

We studied rural credit markets to understand 
the market structure and the operation of credit 
institutions in SAT villages, and to qua ntify the 
role of credit as a potential constraint to adop
tion of agricultural technologics. The sttdy is 
based on data over 5 croppi rig yca rs (1976-77 to 
1980-8 1) in three study villages Shirapur, Dis
trier Slholapur. and Kanzara, 1)istrict Akola, 
Maharashtra and Aurepalc, District Mal
hubnaga r, Andlhra lradesh. 

Credit Sources 

Important sources of credit are formal institu
tions such as cooperative societies, land develop

mert and commercial banks and government 
agencies, and private lenders such as friends, 
relatives, and private moneylenders. In both 
Maharashtra villages cooperative societies are 
the most important source of credit, serving65% 
of the households (Table 15). The land develop
merit bank ranks second in Kanzara and Aure
palle. In Aurepallc, Andhra Pradesh, a private

nioneylending system is still the major source of
 
credit, whereas in Shirapurand Kanzara, Maha
rashtra, law made
has private moneylending 
more difficult and it has thus sharply declined in 
importance. 

Kanz'ira has the highest proportion ofinstitu

tional credit (94%) followed by Shirapur (66%), 
and Aurepalle (47%) (Table 16).

Householdvillages labor levels theexceptgroups athouseholdsall in threein Kartzara 
have access to credit and more than 85K of the 
h 
households have taken loans. Total volume ofborrowing per household in the three villages 
ranged from about Rs 1900 to Rs 4300. The large 
farmers' share in total institutional credit was 
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Fable 15. Sources and volume of credit by credit agencies in three Indian villages, 1979/80. 

Credit source 

Cooperative society 

Land development bank 

Commercial bank 

Government agencies 

Friends and relatives 

Private moneylender 

% share of total credit 

%of bencliciaries 
Average credit per borrower (Rs) 

% share of total credit 
% of beleficiaries 
Average credit per borrower (Rs) 

%share of total credit 
%of beneliciaries 

Average credit per borrower (Rs) 


%share of total credit 

% of beneficiaries 

Average credit per borrower (Rs) 


%share of total credit 
%of beneficiaries 
Average credit per borrower (Rs) 

%share of total credit 
%of beneficiaries 
Average credit per borrower (Rs) 

Beneficiaries as %of total households 

I. % share ofcooperati e society in total credit is only 0.25%. 

44% in Sholapur, 68% in Akola, and 74% in 
Mahbubnagar. Households possessing as LItsup 
to Rs 30000 represented 50 to 70% of sample 
households in the three villages and their share in 
total credit ranged between 22 to 37%. House-
holds having assets of more than Rs 80000 
represented only a little over 12% of households 
but their share of total credit ranged between 27 
and 53%. 

Credit Terms and Use 

Analysis of the term structure and purpose of 
borrowings reveals the impact of agroclimatic 
factors on credit markets in the three ecologi-
cally-different regions. In drought-prone areas 
represented by Shirapur, where farmers have 
limited long-term investment alternatives, short-

Shirapur Kanzara Aurepalle 

47 46 I' 

66 83 3 
1352 1831 400 

9 34 38 
I1 28 II 

1625 4101 15 500 

8 I1 2 
5 7 3 

3000 5500 3600 

2 2 7 
I I 10 3 

382 800 II 000 

19 3 1 
68 24 18 

537 343 207 

15 4 52 
24 28 95 

1182 433 2 336 

95 73 95 

term credit dominates total borrowing, and 
credit is largely used to purchase livestock or for 
current consumption. In theothertwovillages, a 
higher proportion of long and medium-term 
borrowing was found, and the money was used 
mostly for long-term investments such as minor 
irrigation (Aurepalle) and land development 
(Kanzara). 

There are considerable interfarm differences 
in credit use. Most of the landless laborers and 
small farmers often borrowed to meet current 
consumption needs (Table 17) rather than for 
long-term investment. Often borrowings and 
repayments by landless laborers were informally 
linked to their ability to supply cheap labor to 
the large farmers during the crop season. 

In the three villages studied, about 40 to 60% 
of private credit is utilized for consumption. 



Table 16. Access to credit by different farm-size groups in three Indian villages, 1979/80. 

Village 
farm-size groups 

Average 
credit per 
borrower 

household 
(Rs) 

Share of 
each group 

in total 
borrowing 

(%) 

Households 
having access 

to both 
institutional 
and private 
sources (0) 

Households 
having 

access to 
institutional 

credit (%) 

Households 
having access 

to private 
credit (%) 

Share of 
institutional 

credit in 
total credit 

(0/o) 
Shirapur'

Labor households 
Small farms 
Medium farms 
Large farms 

Total 

862 
1630 
2112 
2614 

1906 

9 
16 
35 
40 

100 

100 
87 
92 

100 

95 

75 
50 
69 
82 

70 

87 
75 
77 
64 

75 

75 
38 
68 
73 

66 

Kanzara2 
Labor households 
Small farms 
Medium farms 
Large farms 

140 
1385 
1773 
9044 

1 
17 
16 
66 

12 
80 

100 
87 

0 
73 
100 
87 

12 
33 
78 
12 

0 
95 
82 
97 

Total 3311 100 72 67 35 94 

Aurepalle'
Labor households 
Small farms 
Medium farms 
Large farms 

652 
1999 
3750 
9756 

2 
17 
21 
60 

100 
93 

100 
91 

0 
7 

11 
36 

100 
93 

100 
82 

0 
52 
15 
59 

Total 4278 100 95 15 93 47 

1. Shirapur village. Sholapur District. Maharashtra State.
2. Kanzara village, Akola District, Maharashtra State. 
3. Aurepalle village, Mahbubnagar District, Andhra Pradesh State. 
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I " -'-- "N'.0 - o o- Similarly, institutional credit is often used fur 
current consumption. 
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In contrast to institutional credit where repay
nient periods are explicitly fixed, no such terms 
are normally specified for private credit. 
Delefatilting is therefore a feature mainly of insti
tutional credit. Ini Kan/ara and Shirapir, where 
institutional credit accounts for more than 65% 
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of the total credit, the percentage of defaulting 
borrowers is higher (57 to 59('i) compared to 
Aurepalle (17'). Ili Shirapuir, overdrres account 
or 96"i of the instittutional credit with an aver

overdue of Rs 1854 per detfaulter. In Kan
ara. overdues accotunit for 67(' of the total 

credit of defaulters with arn average overdue of 
Rs 2990 per defanl Iter. Ill Iurcpa lle overd ues of 
tile defaulters constitute only 25(' of tile total 
institutional credit. It holi Shirapur and Kan
/ra, tie share of the cooperative society intotal 
crt:dit is more than 45('(7 and its share in lotal 
overd IIi credit is 60 to 70'. 

4; Borrowers' Characteristics 
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We analyzed tie determinants of'interhousehold 
differences in credit demand by regressing tile 
total volume of credit oil personal characteristics 

,,, C , of household heads and resotr rce-end owrne lit of 
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househols. Regression restrlts measure tile 
extent to which institutional credit is concent
trated i t[lie bet te r-eridowed hourseholds wit Ii 

-' E better educated, older hotsehold heads, larger 
0_ - "- faniilies. and larger farms.-... , 

The variation households in tie use ofo -- li across 

0 " - credit from the private market was less well 

-_2 explained by these variables. Generally, house
". . hold heads who relied more heavily on private 

• . . credit were those who flarmed more and better 
7A-, '- " irrigated land, were less edtrc ced, and had fewer 

E 7 
0. *:_ livestock. 

•-- - Credit demand tends to increase atadecreas-
S-. ing rate with land area tup to about 9 ha of 

0 7 , 1. operational holding. The relationships are q tite
'0. - ' <'-., similar for institttronal and private credit. 
< ".-- ., -W .. \ hile institutional credit decreases with assets 
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Table 18. Percentage distribution of ICRISAT's research projects on different crops by major objectives 
(1975-1982). 

Crops 

Sorghum Pearl nillet 
Research objectives (%) (%) 

('hickpea 
(') 

P)igcon pea i rouridnut 
(%) (A) 

Resistance to yield reducers 
lhysiological constraints 21 
Pests' 49 

13 
38 

10 
24 

8 
36 

17 
58 

Actual yield increase pcr .c 5 15 18 8 4 

(rain quality improvement 
Nutrition quality 9 
Consuler preference 5 

10 
5 

9 
3 

8
2-

Others 
Cross location adaptation etc. II 19 42 38 21 

Total 100 100 100 100 100 

Aetul] numnIbe)r of Ir.ieC'ts (38) (40) (45) (51 ) (42) 

I.I.Coes rc , l~h proiects on disCVses. in.sects, anud ,'ilrii,'. 

Lanka, and all had at least a bachelor's degree 7 
and some field experience in agrie'iltural 
rcscaicIh. 

Th,: lain objectives of the training lograi 
were to elhancC the ahilitv of the plarticipants to 4 
identify constraints toIagriciltural dCevelopmnlt 
in the SAT and to evaltiate incils of alleviatinL 
the constraints through technological and ins'i
tutiolal change. We also aieied to devclop tlre 
palrticillants' lami liar itv with principles anad 
methods used hv ccononists in interdisciplilary 
agrictulturill iesearch. Hie training prograill aIlso 
was intended to strengthen linkages between 
social scientists at I('R ISA ('enter alld those 
workir, innational research institutions in the 
SAT.
 

We covered tire following areas of' econonlmic 
research in depth (urring the program: 

principles and methods of' data collection:
 
on-Iarm research:
 
site description for technology design:
 
yield-gap analysis
 
adoption studies: African trainees watching an Indian crarftsnmaln repair
 
budgeting methods and their applications; a traditional bullock-drawn blde harrow. 
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whole-farn modeling and mathematical 
programming; 

economic assessment of new technologies; 
impact analysis; 

marketing studies; and
 
allocation of resources to research.
 

The lecturcs were interspersed with case-
studies and Visi s to villages and farms. The 
response of the participants encourage ts torepeat this training program. 

orkshops, Conferences,

and Seminars 


Workshop on Common Property Resources 

A Ford Foundation workshop on commonproperty resources research was held at ICRI-
SAT Center, 19-20 January. Common property 
resou rees (CP Rs), despite their yathu ble role i 
farming systems, are one of the most neglected 
areas both by researchers and planners. ICRI-
SAT took an initiative in undertaking research 
oti CPRs in 1982. Influenced by this work, the 
Ford Found-Ition decided to support research'PR"-,..Rs inseveral areas of India. Following a 
request that ICRISAT should orient others in 
the methodology approach of CPR research, 15 
researchers engaged 
in Ford Foundation-

supported CPR research were invited to the
workshop. At the meeting, tile methodology and 

approach 
to the problems were discussed, and a 

mechanisn 
 was worked out to ensure coord ina-

tion of research and periodic
a exchange of 

results. 


Looking Ahead 

Emphasn, of our future work is shifting from 
constraint identification to assessment of
options for overcoming constraints. We shall 
suspend the collection of village data in India in 
progress for the past 10 years, but we hope to 
arrange village studies in collaboration with 

other institutes. We will also increase our efforts 
to assess technologies in farmers' fields in inter
disciplinary collaboration with scientists from 
ICRISAT and other institutions. 

Publications
 
Institute Pubications
 

EI-Swaify, S.A., Walker, T.S., and Virmani, 
S.I. 1984. I)ryland management allernatives and 
research needs for Al'isols intlieseii-arid tropics: an 
Worksh ointerpretative
o s arv of the Consul t tls' Workthe ta ot 
 Art and Management Alter
nati'es for ()ptimi/ing the I'rodectivit, of SAT 
Alf'isols and Related Soils, 1-3 l)cc 1983. ('RISA V 
Center, India. Patanclicru. A.. 5)2 324. India: International Crops Research Institute for ihe Scmi-Arid 
Tropics. 38 pp. 

.Ji, I)., and Sarin, R. 1984. Icrtili/cruse inscmi
arid tropical India. Research Itilletirt no. 9.I'atan
chert. A.P. 502 324, India: International ('ropms
Research Intitutc for ihe Semi-Arid Iropic,. 76 pp.
tyan, ,I.(., Bidinger, P.)., Prahlad llao, N., and 
Ptishp'inami, 11. 1984. 1lie determinan:' of individ
nal diets and nutritional siattis in six villages of sottli
ern India. Rescrch litllctim
no. 7. FPatancheru, A.P.502 324, India: lintcrnaitioiiil Crops I,',setcrInstitute51 324, India Traics Rer Ite
 
for tle Semi-Arid Tropics. 14) pp.
 

Journal Articles 

K-mnaiyan, ,1., Nene,Y.i.., Reddi'. NI.., Ryan, ,I.G.,

and Raju, T.N. 1984. Prevalence of pigeonpea dis
eases andl associated crop losses in Asia, Africa anid
 
the Americas. Tropical 
 Pcst Management 30(l:62
71. 

Marlon, P.J., and Spencer, I).S. 1984. Increasing

food production instib-sa haran Africa: eiroinien
talproblems and inadequate technological soluitions. 
American Journal of Agrictltural IEconomics 
66(5):671-676. 
Mueller, R.A.E. 1984. Agricultural markets in the 
semi-arid tropics - note ol workshop held at tie Inter
national Crops Research Institute for the Semi-Arid 
Tropics, IHyder.ahbad. Qmrterly Journal of Interma
tional Agriculture 23(2):177-181. 
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Conference Papers Miscellaneous 

Jodha, N. S. 1984. ICRISAT research and human Mallon, P.J., Cantrell, R., King, D., and Benoit
nutrition. Pages 91-112 in International agricultural Cattin, M. (eds.) 1984. Corning full circle: f'armers' 
research ari human nutrition (Anderson, 1. P., Berg, participation in the development of technology.
A., arid Forman, M., eds.). Washington, D.C., USA: Ottawa, Canada: International Development Re-
International Food Policy Research Institute. search Centre. 

Niatlon, P.J. 1984. Technology evaluation: five case
 
studies from West Africa. l'ages 95-118 in Coming fill
 
circle: farmers' parlcitiation in the development of
 
technology (Maton, P., Cantrell, R., King, I)., and
 
Benoit-Cattin, M., eds.). Ottawa, Canada: Interna
tional Development Research Centre. 

Mcintire, J. 1984. Survey costs and rural economics 
researeli. Pages 71-82 in Coming full circle: firmers' 
participation in the deelopment of technology 
(Matlon, P., Cantrell, R., King, D., and Benoit-
Cattin, M., eds.). Ottawa, Canada: International 
Development Research Centrt. 

Ryan, J.G., and yon Oppen, M. 1984. Global produc
tion and demand for sorgh:nI anrid millet to the year 
2000. Pages 41-01 in Agrornietorology of sorghurm 
and millet in the semi-arid tropics: proceedings of the 
International Symposium, 15-20 Nov 1982, ICR ISAT 
Center, India. Patancheru, A.P. 502 324, India: Inter
national Crops Research institute f'or thr' Semi-Arid 
Tropics. 

Srivastava, K.1.., Virmani, S.M., and Walker, 
T.S. 1984. Farming systems research in a watershed 
framework: experience related to Vertisol manage
ment in semi-arid tropical India. Pages 352-371 in 
Animals in the farming system: Farming Systems 
Research Symposium, 31 Oct-Nov 2 1983, Kansas, 
USA. Manhattan, Kansas, USA: Kansas State 
University. 

Vierich, If. 1984. Accomodation or participation? 
Communiction problems. Pages 17-26 in Corning 
full circle: farmers' participation in the development 
of technology (Matlon, P., Cantrell, R., King, D., and 
Benoit-Cattin, M., eds.). Ottawa, Canada: Interna
tional Development Research Centre. 

Theses 

Engelhardt, T. 1984. Economics of traditional small
holder irrigation systems in semi-arid tropics of south 
India. Ph.D. thesis, University of Hohenheim, Hohen
heim, West Germany. 
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TRAINING
 
Training programs completed in 1984 (Table ) 
involved 148 scientists, research technicians, and 
extension personnel from 39 countries (Table 2).
Twenty-seven students and trainees from nine 
countries were associated with our scientists in 
Burkina Faso, Mali, Niger, and Mexico. 

Postdoctoral Programs 

One postdoctoral international intern corn-
pleted studies in Mali and at the ICRISAT Sahe-
lian Center (ISC) on testing fordroughttol-
erance and plant-establishment screening 
methods in pearl millet. Others initiated and con
tinued research in entomology, virology, plant 
breeding, physiology, and on-farm research 
projects. 

At ICRISAT Center postdoctoral research 
fellows studied insect resistance in groundnut 
and breeding for wilt resistance in chickpea. 
Those continuing in 1985 are studying ground-
nut, chickpea, and pigeonpea inheritance of fac-
tors for resist rice to ttiseases and insects, and 
ways to improve crop management. 

In-Service Fellows 

Nine in-service fellows from five countries com-
pleted intensive short training programs of I to 
12 weeks in pathology, entomology, microbiol-
ogy, and crop production systems. 

Research Scholars 

Fifteen research scholars from universities in 12 
countries completed research under the supt-rvi-
sion ofstaffat ICRISAT Center for their PhD or 
MSc degrees. They studied gene effects for re-
sistance of sorghum to stem borer and shoot fly, 
and of groundnuts to jassids, environmental 
influence on nitrogen fixation, nitrogen-fixing 
bacteria, screening for salt tolerance in chickpea, 

Table . Nubrs oftrainees in Iong-torm training 
T a !.ms,Numb e ntr , 1984. 
Cror Nter 1984. 

Category Number Weeks Countries 
International Interns 1+61 243 3 
Research Fellows 2+7 374 1 
In-service Fellows 9+1 68 5 
Research Scholars 15+17 911 8
 
In-service Trainees 79+5 2064 29
 
Apprentices 5+1 87 3
 
Total number present 148 3747 392
 

+ te number continuing into 95. 
2. Different countries. 

weed ontrol, hybridization of wild and culti
vated groundnut species, Ihizolijwn strains and 
competition among strains, physiological fac
tors influencing growth and photoperiod in 
groundnuts, watershed management, marketing 
efficiency, and water harvesting and ground
water hydrology. leven research scholars from 
Belgium, Burkina Faso, Ivory Coast, Niger, and 

the USA were guided by ICRISAT staff in Nigerin their work on topics such as screening millet 

genotypes for heat tolerance, management ofsoil fertility, sources of nutrients for cropping
 
systems, screening techniques for insect resis
tance, the influence of sowing date insect
on 

da:nage, and water-balance studies.
 

Four students studying for their BSc equival
ent degree in Mali completed their senior year 
theses under ICRISAT staff guidance on thecomp:,risons of isogenic red and tan sorghums, 
the effects of plot size on yield estimation, and 
features related to photoperiod scnsitivity of 
sorghum. Seven students in Burkina Faso stud
ied research problems related to genotype inter
action, Siriga management, stimulant influences, 
resistances, and germination in sorghum, and 
constraints to transfer of technology. 

Cover photo: Trainees ev.aluate a sorghum variety that received improved management. 
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Table 2. Participants by region and country who completed long-term training programs in various categories, 
ICRISAT Center, 1984. 

III RF IF RS IT Ap Total 
Western Africa 
Benin I I 
Burkina Faso 
Burundi I 

2 
I 

Cape Verde Islands 
Chad 
Gambia 
Ghana 
Mali 
Niger 
Nigeria 
Senegal 1 

0+12 
0+1 
1 

I 
2 
4 
2 
5 
2 
2 
5 

I 
2 
4 
2+I 
5+1 
3 
2 
6 

Eastern Africa 
Ethiopia 
Kenya 
Somalia 
Sudan 
Tanzania 
Uganda 

0+1 
1+1 
1+2 

4 
2 

5+1 
2 
3 

4+1 
3+1 
1+2 
5+1 
2 
3 

Southern Africa 
Botswana 
Malawi 

2 
6 

2 
6 

Zambia I I 

Asia 
Bangladesh 
China 
Fiji 
India 
Indonesia 
Korea (South) 
Nepal 
Pakistan 
Philippines 
Thailand 
Sri Lanka 
Syria 

2+7 

3 

1+1 

I 

3 

7+5 

I 

1 

I 

I 
2 
I 

2 
3 
9+3 
5 
2 

2+1 

I 
3 
I 

14+14 
I 
I 
I 
2 
6 

10+3 
5 
2 

Southern America 
Honduras 
Mexico 

0+1 
I 

0+1 
I 

Others 
Australia 
Federal Republic of Germany 
Netherlands 
UK 
USA 

0+1 

0+4 
1+1 

2+5 

I 
0+1 

2 
I 

0+1 
2+5 
2 
2+4 
1+2 

Total 1+6 2+7 9+1 15+17 79+5 5+1 111+37 
IIrInternatioial Intern, RF Research Fellow, IF= In-service Fellow, RS
i. 	 Research Scholar. IH In-service Traine,
 
Ap=Apprentice.
 

2.+ = the number continuing into 1985. 



In-service trainees (clockwise from top left) studying millet pathology; emasculating sorghum for making hybrids; evaluating chickpea germplasm;
apprentice designing fertilizer applicator. 
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In-Service Trainees participated in a 6-week training program 
emphasizing the identification, description, and 

The 79 participants who completed in-service evaluation of researchable problems in econom
training programs at ICRISAT Center partici- ics. 
pated in 2064 weeks of training. Their individu- Staff in Burkina Faso (2), Mali (1), and Niger 
alized programs ranged from plant breeding, (I) participated in six national or regional short 
crop production, and cropping systems to training programs related to efficient utilization 
animal-drawn equipment testing and develop- of fertilizers, on-farm research methods, soils in 
ment, land-and-water management, research Niger, sorghum breeding and production, farm
farm development and management, utilization ing systems, and animal-traction and tractor
of agroclimatological data, extension metlods, driving techniques. 
germplasm collection and maintenance tech
niques and culture, and utilization of socioeco
nomic data for ways to increa:se and stabilize 
production and use of food crops. 

There were four participants in a 5-month and 
three in a 4.5-month training program in Mexico 
guided by ICRISAT and Centro Internacional 
de Mejoramiento de Marz v Trigo (CIM MYT) 
staff in sorghum improvement and producti.n 
methods. The participants came from national 
sorghum improvement programs in Ecuador, 
Mexico, and Panama. 

Apprentices 

Apprentices from three countries participated in 
I to 52 weeks of practical work/study programs 
associated with bullock-drawn equipment, 
sorghum improvement, statistics, groundnut 
cytogenetics, microbiology, and information 
work at ICRISAT. They were fully self-sup
ported during their practical experience 
programs. 

Short-Term Courses 

Special 2-day training programs were conducted 
at ICRISAT Center for 217 scientists, extension 
officers, bank agricultural officers, development 
officers, fnd policy makers from four Indian 
states that have large Vertisol areas. Emphasis 
was given to the identification of suitable crop
ping systems, and to training for the introduc
tion and management of the broadbed-and-furrow 
(BBF) technology that the participants planned to 
emphasize in their state development projects. 

Seven sociocconomists from seven countries 
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Plant Quarantine 

In close collaboration with the National plant 
Quarantine Services, the ICRISAT Plant Quar
antine Unit assisted in clearing healthy imported 
seeds and in releasing their progeny from the 
postentry quarantine isolation area (PEQIA) 
after the seed had been grown lor one season. 
The meticulIous care lneccssarv to ConIform to 
international standards was exercised in select
ing and exporting healthy, disease-free seeds. 
seeds in tended for pla nt ing were treated accord-
Ing to (quarantine regUlations. 

IPlantMaterial Exports 

I)ur ring the year, 47 705 seed and plant sanpies 
of mandate crops, minor millets, and a few oth-
ers were exported to scientists and coopcrators 
in 85 countries 34 in Africa, 22 in Asia, 19 in 
the Americas, 8 in Europe, and 2 in Auistralasia 
(Table I). Most of the seed exports were gerim
plasm accessions from the ICRISAT gene bank, 
material for international cooperative trials, andI 
nurseries supplied by plant breeding programs 
and disease- and pest-resistance projects. Large 
numbers of sorghum and pearl millet seed sa-i
pies were sent to the joint I(RISAI', Southern 
African )evelopment Coordination ('onfercnce 
(SADCC) prograri in Bulawayo, Zimbabwe. 

Sorghum seed samples were sent to Purdue 
University, Indiana, USA for determination of 
polyphenol levels in grain mold-resistant seeds; 
to U.S. Grain Marketing Research Laboratory, 
Kansas, USA, aid to Ottawa Research Station, 
Canada, for fluorescence microscopy and ergos
terol analyses, and to McGill University Mont
re"., Canada, for studies on membrane 
permeability and lipid peroxidation. Groundnut 
samples were sent to the Tropical Developmcat 
and Research Institute (TDRI), UK, to be 
screened for Carnedon serratus and to Imperial 

im 

X-ray exaninaltion of legumne seeds to delect internal 
insect infestation. (1IzsA U (enter, 1984. 

Bruchid larvae inside chickpea seeds revealed by x-ray 
photography; the seeds appear undamaged to the 
naked eye. lI'RISAT Center, 1984. 
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Table I. Plant material exports during 1984. 

Cou ntry SorghumlPearl millet Chick pea Iigeonpea Groundnut Minor millets Others 

AFRICA 
Angola 10 l0 10 10 
Benin I 
lotswalna 159 1 106 
Burkina Faso 1754 2 
Biurundi 24 20 
Cameroon 691 32 
Cape Verde Islands 157 46 64 39 32 
Egypt 152 
Ethiopia 
Gahon 

96 2 611 
10 

44 
8 12 

3 
4 

ihana 
Kenya 
I.esottho 

2346 
32 

152 
128 

19 
137 
24 

13 
32 

2 
3 

liberia 21 
Malawi 
Mali 

37 
684 

58 
4 

237 
I 

404 
39 

Mauritania 66 
Mauritius 
Moambique 
Niger 

192 
100 776 64 

80 
7 

9 

32 
3 

Nigeria 
Rwanda 

Senegal 

4 

504 275 

60 

48 
1 

12 

7 
12 

Sierra Lcone 92 25 25 
Somalia 

South Africa 
707 

6 
32 3 

Sudan 
Swaziland 

275 471 265 112 
10 

3 

T nzaniia 61 
Tunisia 
Uganda 
Zaire 
Zambia 
Zimbabwe 

331 
16 
59 

4425 
562 

3352 

224 

18 
48 
61 

43 

13 

200 7 
28 
9 

ASIA 
Bangladesh 
Burma 105 12 

1293 
464 660 

32 
93 

3 

China 184 4 77 236 
Indonesia 202 
Iraq 64 
Israel 130 
Ja pan 2 2 44 3 
Korea (DPR) 64 
Korea (Rep.of) 198 
Lebanon 10 

Cominued 
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Table 1. Continued. 

Country Sorghum Pearl millet Chickpea Pigeonpea Groundnut Minor millets Others 
Malaysia 7 56 
Nepal 
Pakistan 
Philippines 

1415 
270 

650 
12 

6'i 
1869 
269 

188 
19 

192 

32 
100 
317 

3 
13 

Saudi Arabia 6 
Sri Lanka 1 9 
Syria 353 
Taiwan 
Thailand 576 104 9 

17 
36 36 

Vietnam 4 
Yemen (AR) 145 
Yemen (PDR) 34 

THE AMERICAS 
Antigua 412 
Argentina 205 152 421 8 
Belize 200 
Brazil 8 22 30 5 
Canada 21 317 32 
Chile 304 
Colombia II 64 62 
Costa Rica 58 128 
Dominican Republic 6 6 34 
El Salvador 100 30 
Guyana 88 99 
Haiti 6 
Honduras 91 
Jamaica 56 
Mexico 522 124 614 1 
Peru 152 
Puerto Rico 53 
USA 5502 345 1282 125 96 38 
Venezuela 10 II 

EUROPE 
Cyprus 32 
France 129 36 20 2 
Germany (Federal Republic) 2 97 6 12 
Greece 152 
Italy 210 20 
Spain 160 
Sweden 2 
UK 807 28 38 45 50 

AUSTRALASIA 
Australia Il1 208 116 3 12 
Papua New Guinea 50 33 

Total 23263 7008 10893 3750 2326 200 265 
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College, London, to select genotypes for differ-
ential analysis. 

Oven-dried sorghum leaf material was sent to 
Birbeck College, University of London, for bio-
chemical analysis, and 24 samples of sorghum 

Table 2. Plant material imports during 1984. 
Country Sorghum Pearl millet 

AFRICA 
Benin 
Cameroon 
Cie Verde Islands 
Ethiopia 
Kenya 
Malawi 

98 
I 
2 

4 
I 

Mali 
Morocco 
Niger 
Nigeria 
Senegal 
Sierra Leone 
South Africa 
Sudan 

27 
5 

99 
68 
35 

142 
436 
4 

58 
31 

ASIA 
China 
Sri Lanka 

13 

Syria 
Taiwan 
USSR 2 

THE AMERICAS 
Antigua 
Colombia 
Mexico 
Puerto Rico 
USA 

40 

1117 86 

EUROPE 
France 
Germany (Democratic Re
Hungary 
Italy 
UK 

314 
public) 3 

75 

15 
2 

3 

AUSTRALASIA 
Australia 4 

Total 1901 784 

head smut spores for morphological and isoen
zyme studies to Texas A&M University, USA. 
Rhizobiun cultures for legume inoculation, and 
seed samples of maize, teosinte, and thtero
pogon sp were also exported. 

Chickpea Pigeonpea Groundnut Minor millets Others 

I 

6 
129 17 	 1 

56
 
1 221 	 2 

13 52 
159
 

3 3 
4 2 20 24 

6 

24 
7 

2477 

24 

42 
7 

5 324 9 

35 1 	 46 
58 

86 
44 

52 

2775 349 622 	 180 
 36 
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Plant Material Imports 	 Areas (ICARDA), Syria, for ascochyta blight 
resistance. Any plants showing symptoms of

During 1984, 6025 seed samples from 28 coun- exotic diseases inl the PEQIA were rogued and 
tries and and 622 groundnut plants from 10 incinerated, and seeds from healthy plants were 
countries were released to ICRISAT by the harvested for release to the Genetic Resources 
National Plant Quarantine Services (Table 2). Unit and Crop Improvement Programs.
 
While 6431 samples of the mandate crops were
 
released by the quarantine unit of the Central
 
Plant Protection Training Institute (CPPTI),
 
Hyderabad, the National Bureau of Plant
 
Genetic Resources (NBPIGR), New Delhi,
 
released 207 seed samples of minor millets. and Computer Services
 
wild legumes such as Rhyi sp, l'rosvflasp,
ttoia 

and Ch'istochin' sp. NlI'GR also released 9 The Computer 
 Services Unit provides time
samples of ('1elolm~diun sp, (iouIpIrcI(na sp, sharing services to ICRISAT personnel through
Petunia sp, and t//iysalis sp used to test chickpea the VMNIS operating system on a I)EC VAX
and pigeonpea viruses at ICR ISAT Center. I I / 780 computer system. We develop interactive 

systems, providle data-entry services, install soft-
Postentry Quarantine ware packages, ard cond uct seminars on corn

puter use for ICRISAT scientists, administrators,
The released seed and plant samples were grown and service departments. 
in the I'iQIA. During the year, 6847 accessions 
of' mandate crops, minor millets, and wild Development 
legumes were raised and closely examined by
National Ph11nt Quarantine Service officials. In In 1984 we emphasied the planning and (level
the rainy season 70) desi chickpea F, progenies ,pment of administrative support systems. We 
were planted under shelters. This material had completed a payroll system for our Regular
been previously screened at the International Work Force antid Continuous Farm l.a bor in 
Center for Agricultural Research in the Janua ry' and a major)ry revision of the payroll 

,ystcm for naltionally-recruited staff, in April. 
Systems analysis for a personnel database sys
teln, aind for svstls t su pport the entire pro

-°- - ' ; 	 curcment cycle, were completed ina July. Most of 
the progra is for tlie personnel system, and sub
systems of tle procurement cycle, i.e., supplies 
managenenit anrd inventory control \wele corn
pieted by the end of the year. The System 1032 
database Ilianagefinet system, under evaluation 
sirce May, was used to provide tile storage and 
retrieval functions of these svsteis. System 1032 was eventually lpurchased in November. It has 

F.-	 L~ also been ptrchascd by Centro Inernartional de 
Mejoraimiento de Mari, y Trigo (CI MNI NYT) and 
the International Institute of Tropical Agricul
ture (IITA), and Will tIIus serve as a coiiiioni 
base for software development and interchange.

Indexing groundnut plants for virus infection in tie Systems analysis(*PPTI screenhouse. 	 for all aspects of fiscalaccounting wv'as completed in October. Progress 
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on administrative systems was hampered 
because the VAX-I 1/750 computer, ordered for 
these applications, had not arrived. 

We initially released the Research Project 
Management Information System (RPM IS) :n 
October. RPMIS is used to s'.-- and edit 
research project proposals and to generate pro-
ject outlines and proformas for progress reports. 
This syst-m was also implemented for data stor-
age and retrieval using System 1032. Retrieval 
by combinations of keywords, researchers, pro-
gram, subprogram, and dates, will be possible 
using the next release of the system, scheduled 
for March 1985. 

Following recommendation by the Computer 
Services Advisory Committee, the statistical 
analysis components of CRISP, our locally-
developed statistical analysis package, were 
withdrawn from service in August. The Commit-
tee felt that GENSTAT, a commercially avail-
able statistical package, would provide a more 
uniform approach to statistical analysis. Parts of 
CRISP which do not have counterparts in GEN-
STAT, namely, the data entry subsystem, the file 
maintenance utilities, and the experiment
planning subsystem are still in use. 

The mailing list system was improved to per
mit the merging of'selected addresses with a form 
letter, and a references-sorting utility was devel-
oped to permit the sorting of references for a 
single publication, or for a group of publications 
for workshop proceedings. 

We pat;'ipated in the pilot study ofa Compu-
ter Based Messaging System (CBMS), linking all 
International Agricultural Res,-arch Centers 
(IARCs) and the Consultative Group on Inter-
national Agricultural Research (CGIA R). The 
CBMS was implemented using the International 
Telephone and Telegraph Corp. (ITT) Dialcom 
Electronic Mail System. Testing was carried out 
at a transmission rate of 300 bps (bits per 
second), which is three times faster than the telex 
transmission rate. Plans for the purchase of 
communications equipment which will permit a 
transmission rate of 1200 bps have been 
finalized. 

Many microcompu:t.. for word processing 
and automatic c'ata capture came into useduring 

1984. A file transfer program, named KERMIT, 
from Columbia University, USA, was imple
mented. It permits the exchange of files between 
the microcomputers and our central VAX-
II / 780 computer system. 

The department head attendedameetingofall 
IARC Computer Center Directors in Boston 
and Ottawa in April, and again at Cl M M YT in 
November. He also attended the Computer 
Society of India annual meeting in Hyderabad 
along with four other staff members, and the 
DEC User's Society Meeting in Cincinnati in 
June 1984. One staff member attended the 
Working Conference on Computer Applications 
in Food Production and Agricultural Engineer
ing in New Delhi in March, and the workshop on 
Microcomputer Applications in Agriculturai 
Research at the International Rice Research 
InsLitute (IRRI) in September. Another staff 
member participated in a 2-week program 
on Decision Support Systems in Management 
at the Indian Institute of Management, Ahmed
abad. 

Looking Ahead 

Emphasis during the first half of 1985 will be on 
completing the top-priority administrative 
applications-the purchasing procurement 
cycle, personnel databases, and fiscal account
ing. In addition to the improvements to RPMIS 
mentioned earlier, we will develop a record
keeping system for experimental plots, an exper
imental results database system, a new research 
data file management and fieldbook system, and 
an integrated institute-wide mailing list system. 

Statistics Unit 
The Statistics Unit provides a service to ICRI-
SAT staffand scientists from collaborative proj
ects at all stages of their research, including 
experimental design, data processing, analyzing 
results and drawing inferences, and reviewing 
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papers and reports. We also produce and edit Library and Documentation 
scientific management documents for ICRISAT 
directors. Services 

During the year we averaged over 65 consul
tancies per month with the scientific staff at
 
ICRISAT Center. The majority of these were Acquisition
 
queries on processing results using the GEN-

STAT package. Our principal statistician spent We streamlined the acquisitions function of the 
5 weeks in West Africa helping to design experi- library to ensure better monitoring of potential
ments and consulting with national scientists. ly-useful literature. We involved the research 

During the year at ICRISAT Center we held a programs more in selection and input of new 
statistics and field experimentation course for publications. We explored the potential for 
trainees, and a GENSTAT user course for all exchanging nonconventional literature for 
scientific staff. ICRISAT publications with some institutions in 

GENSTAT macro-processing procedures the SAT. Data on acquisitions during 1984 are 
developed during the year included stability given in Fable I. 
analysis and multilocational testing. The major 
software package used was GENSTAT with the
 
addition of Coordinated Varietal Testing

(CVT), Biomedical Computer 
 Programs Table 1. Status of acquisitions, ICRISATLibaary, 
(BMDP), and several smaller specialized 1984. 
programs. Additions Total 

We selected a few statistical software packages during holdings

for microcomputers for use by scientists in the Docun,.:nts 
 1984 (Dec 1984)

coopeiative programs. 
 Books and reports 805 18982 

We processed many data ICRISATsets for Bound volumes of periodicals 542 12021
 
scientists and cooperative program staff. Annual reports 929
124 


Discussions witn scientists enabled us to 
 Reprints, photocopies, etc. 400 4627 
develop techniques for solving specific prob- Microforms 50 763
 
lems. These included:
 

a procedure to estimrate genotypic correla- We developed a new computer-based catalog
tions in plant breeding. This provides an ing system and implemented it duing the year. 
approximation to test the significance and The system enables interactive entry of catalog
resulting bias and the probability of invalid ing data, production of ready-to-file catalog 
estimates of correlation; cards, and output of hard copy for a monthly list 

of accessions. The library acquit ed a microcom
a bivariate approach to judge the stability of puter that will be used to automate some of the 
treatments in a two-species cropping system; library operations and for data entry and word 

variability studies in West African countries processing.
 

that take into account possible competition
 
between neighboring cultivars; Documentation Services
 
a methodology to measure income tability We expanded the Selective Dissemination of 
over time using data from our Village-Level Information (SDI) service to include two secon-
Studies (VLS). dary sources; the Commonwealth Agricultural 

Throughout the year we reviewed scientif'c Bureau (CAB) abstracts and AGRINDEX, in 
papers destined for the international press. addition to primary journals. The number of 
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recipients, including cooperating scientists in 
East and West Africa, increased from 88 to 110 
during the year.

We began a new service to make available in 
advance, information on forthcoming conferen-
ces on agriculture and related areas of interest to 
ICRISAT scientists. 

On-line access to computer-readable data 
bases available on the DIALOG system based in 
California, USA, was established during the 
year. The DIALOG system is being accessed 
using the international telex network. We con-
ducted on-demand searches using the CAB and 
1310SIS databascs. 

A microfiche system comprising a camera, 
duplicator, and printer was acquired in 1984. 
This will be used to build an archive collection of 
nonconventional literature, and will provide useful 
literature in microfiche to the ISC at Niamey. 

Sorghum and Millets 

Information Center (SMIC) 


Computerization. We have now developed the 
capability to computer-produce all components 
of SM IC bibliographies. Programs to generate 
author and subject indexes to the bibliographies 
from the initially-entered data Hive been deve-
loped. Output programs to format bibliography 
pages in camera-ready form are now available, 

We initiated efforts to utilize the machine-
readable version of international databases such 
as AGRIS. 

Bibliographies. Sorghum bibliographies for 
1977-80 and 1981 were published in 1984. The 
latter is annotated and has been produced con
siderably faster than previous issues due to the 
comnuterization of all operations. 

Literature searches. We conducted eight on-
line and 20 manual searches during 1984. 

Document delivery services. SMIC provided 
copies of 1159 papers in its collection to scient-
ists throughout the world. We added 1741 docu-
ments (journal articles, repnrts, theses, and 

nonconventional literature) on sorghum and 
millets to our collection. 

SMIC brochure. We produced an information 
brochure on SMIC, its resources and services, 
and circulated it widely to individuals and insti
tutions all over the world. 

Publications 

During 1984, 103 papers by ICRISAT scientists 
were reviewed and approved by the Institute 
Editorial Committee for submission to :; .intific 
journals. Forty-five papers on various aspects of 
ICRISAT's work were reviewed, approved, and 
presented at conferences and workshops. 
Approved papers published in journals or in 
workshop during the year are listed by Programat the end of the relevant sections of this Report. 

This year we published six Information 

Bul!etins-- including two in French and Spanish
and one in English and French--one Research 
Bulletin, six Workshop Proceedings, one Biblio
graphy, and three pamphlets on various f! cilities 
at ICRISAT. We started two new series, R and 
D Leaflets and Plant Material Descriptions. We 
also produced our first genera: audience slide 
set, 'ICRISAT at a Glance', available with 
script or taped commentary. Institute publica
tions are listed at the end of the relevant pro
gram's section in this Report. General audience 
publications are listed below. Copies of all Insti
tute publications are available from Information 
Services, ICRISAT. 

Institute Publications 

ICRISAT (International Crops Research Institute forthe Senmi-Arid Tropics). 1984. Research highlights 
1983. Patancheru, A.P. 502 324, India: ICRISAT. 44 
PP.
 
ICRISAT (International Crops Research lnstitute for
 
the Semi-Arid Tropics). 1984. Progre's de la
 
recherche 1983. (in F- ) Patancheru, A.P. 502 324,
 
India: ICRISAT. 44 pp.
 



ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1984. Annual report 1983. 
Patancheru, A.P. 502 324, India: ICRISAT. 392 pp. 

ICRISAT (international Crops Research Institute for 
the Semi-Arid Tropics). 1984. About ICRISAT. 
Patancheru, A.P. 502 324, India: ICRISAT. 8 pp. 

ICRISAT (International Crops Researc. Institute for 
the Semi-Arid Tropics). 1984. ICRISA'I oublica-
tions catalog. Patancheru, A.P. 502 324, Indi,. ICRI-
SAT. 24 pp. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1984. At ICRISAT 
nos.5,6,7, and 8. Patancheru, A.P. 502 324, India: 
ICR ISAT. 

ICRISAT (International Crops Research Institutefor 
the Semi-Arid Tropics). 1984. Nouvelles de l'ICRI-
SAT nos 5,6. Centre Sahelien B.P. 12404, Niamey, 
Niger (Via Paris): ICRISAT. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1984. ICRISAT R & D Lea
flet. Pigeonpea: a drough: tolerant pulse crop f..r 
West Africa. PatanciLcru, A.P. 502 324, India: ICRI-
SAT. 2 pp. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1984. ICRISAT at a glance. 
Patancheru, A.P. 502 324, India: ICR ISAT. 70 color 
transparencies, script. 

ICRISAT (Interrational Crops Research Institute for 
the Semi-Arid Tropics), Sorghum and Millets Infor
mation Center. 1984. Sorghum bibliography 1977
80. Patancheru, A.P. 502324, India: ICRISAT. 523 

pp.
 
ICRISAT (International Crops Research Institute for
 
tlhe Semi-Arid Tropics), Sorghum and Millets Infor
mation Center. 1984. Sorghum bibliography 1981.
 
Patancheru, A.P. 5)2324, India: ICRISAT. 291 pp. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics), Sorghum and Millets Infor
mation Center. 1984. SMIC Newsletter nos. 13 and 
14 (Haravu, L.J., ed.). Patancheru, A.P. 502324, 
India: ICRISAT. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics), Sorghum and Mi'lets Infor
mation Center. 1984. La lettre du SMIC nos. 13 and 
14 (Haravu, L.J., ed.). (In Fr.) Patancheru, A.P. 
502 324, India: ICRISAT. 

Research Support Activities 363 

Journal Articles 

Dutta,S.,andSinha,I1.K. 1984. Pragniaticapproach 

to subject indexing: a new concept. Journal of the 
American Society :'or Information Science 35(6):325
331. 

Panchbhai, S.D., Reddy, Ch.R., and Varma, 
B.K. 1984. Effect of sorghum seed treatment with 
double dose of mercurial fungicides on seed viability 
and smut spore germination. Seed Research 12(2):33

37. 

Singh, M. 1984. Simultaneous joint-scaling test for 
several correlated traits. Heredity 53(l):2t5-2 13. 

Varma, B.K., and Ravi, It. 1984. Plant quarantine 
faciiies developed at ICRISAT for export of germ
plasm. Plant Protection Bulletin 36(2-3):37-43. 



ABU 
ACT 
ACT I 
ACT 2 
ACT 3 
ADB 
AICMIP 
AICORPO 
AICPIP 
AICSIP 
ALAD 
AMYT 
APAU 
AR 
ARDA 
AYT 
BBF 
BMDP 
BND 
BP 
CAB 
CAN 
CATIE 

CBI 
CBMS 
CD 
CDA 
CE 
CENARGEN 
CERCI 
CGIAR 
CIABN 
CIAT 
CIBC 
CILSS 
CIMMYT 
CIRAD 

CIVT 
CIYT 
CIYT-L 
CIYT-W 
CLAIS 
CMC 
CNRA 
CNRS 
CPPTI 

Acronyms and Abbreviations Used in this Annual Report 
Ahmadu Bello University (Nigeria)
 
Arhar Coordinated Trial
 
Early Maturity Arhar Coordinated Trial
 
Medium Maturity Arhar Coordinated Trial
 
Late Maturity Arha: Coordinated Trial
 
Asian Developmer t Bank
 
All India Coordinated Millet Improvement Project

All India Coordinated Research Project on Oilseeds
 
All India Coordinated Pulses Improvement Project

All India Coordinated Sorghum Improvement Project

Arid Lands Agricultural Development Program (Beirut)
 
Advanced Millet Yield Trial
 
Andhra Pradesh Agricultural University (India)
 
Acetylene Reduction
 
Agricultural and Rural Development Agency (Zimbabwe) 
Advanced Yield Trials 
Broadbed and Furrow 
Biomedical Computer Programs 
Bud Necrosis Disease 
Base Populations 
Commonwealth Agricultural Bureaux 
Calcium Ammonium Nitrate 
Centro Agron6mico Tropical de Investigaci6n y Ensenanza (Costa Rica)
Crop Breeding Institute (Zimbabwe) 
Computer-Based Messaging System
 
Controlled Droplet
 
Controlled-Droplet Applicator
 
Catechin Equivalent
 
Centro Nacional de Recursos Gen6ticos (Brazil)

Centre d'Exp6rimentation du Riz et Cultures Irrigu'es (Burkina Faso)
Consultative Group on International Agricultural Research 
Chickpea International Ascochyta Blight Nursery
Centro Internacional de Agricultura Tropical (Colombia)
Commonwealth Institute of Biological Control 
Comit6 Permanent lnter6tats de Lutte Contre la S6cheresse dans le Sahel
Centro Internacional de Mejoramiento de Maiz y Trigo (Mexico)
Centre de Coop6ration Internationale en Recherche Agronomique 
pour le D6veloppement (France) 

Cowpea International Variety Trial 
Chickpea International Yield T ial 
Chickpea International Yield Trial-Large-seeded 
Chickpea International Yield Trial-Winter 
Comision Latinoamericano de Investigadores en Sorgo (Guatemala)
Computer Maintenance Corporation (India)
Centre National de Recherches Agronomiques (Senegal)
Centre National de Recherche Scientifique (France)
Central Plant Protection and Training Institute (India) 
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CPRs 
CRIDA 
CRSP 
CSH 
CSIR 
CSIRO 
CV 
cv 
CVT 
DAE 
DAF 
DAP 
DAS 
DEC 
DF 
DM 
DMN 
EACSRT 
EACT 
EC 
ELISA 
ELS 
EMBRAPA 
EMD 
EPAY 
EPSRY 
ER 
ES 
ET 
EUF 
EXACT 
FAO 
FDR 
FDRVT 
FET 
FR 
FSRP 
FYM 
GC 
GCA 
GCVT 
GCVTSZ 
GDD 
GIET 
GIETCZ 
GIETSZ 
GiP 
GMS 

Common Property Resotces 
Central Research Institute for Dryland Agriculture (India) 
Collaborative Research Support Program 
ICRISAT So-ghum Hybrid 
Council of Scientific and Industrial Research (India) 
Commonwealth Scientific and Industrial Research Organization (Australia) 
Coefficient of Variation 
Cultivar 
Coordinated Varietal Trial 
Days After Emergence 
Days After Flowering 
Dia' aonium Phosphate 
Days after Sowing 
Digital Equipment Corporation 
Days to Flowering 
Downy Mildew 
Downy Mildew Nursery 
Eastern Africa Cooperative Sorghum Regional Trials 
Early Arhar Coordinated Trial 
Emulsifiable Concentrate 
Enzyme-Linked Immunosorbent Assay 
Ergot-Low Susceptible 
Empresa Brasileira de Pesquisa Agropecuiria (Brazil) 
Early Moisture Deficits 
Early Pigeonpea Adaptation Yield Trial 
Early Pigconpea Sterility Mosac Resistant Yield Trial 
Ergot-Resistant 
Empirical Screening 
Evapotranspiration 
Electro-Ultra Filtration 
Extra-early Arhar Coordinated Trial 
Food and Agriculture Organization of the United Nations 
Fonds de D6veloppement Rural (Burkina Faso) 
Foliar Disease Resistant Varietal Trial 
Final Evaluation Trial 
Firing Resistant 
Farming Systems Research Program 
Farmyard Manure 
Ground Cover Coefficient 
General Combining Ability 
Gram Coordinated Varietal Trial 
Gram Coordinated Varietal Trial - South Zone 
Growing Degree Days 
Gram Initial Evaluation Trial 
Gram Initial Evaluation Trial - Central Zone 
Gram. Initial Evaluation Trial - South Zone 
G:oundnut Improvement Program 
Grain Mold Score 
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GRU 
GRV 
GS 
GTZ 

HAU 
HF 
HPLC 
IAR 

IARC 

IARI 

IBPGR 
IBRAZ 

IBSNAT 
IBSRAM 
ICAR 
ICARDA 
ICAT 
ICCT 
ICCTDS 
ICCTDL 
ICGM 
ICGS 
ICMH 
ICMPES 
ICMPS 
ICMS 
ICMV 
ICRRWN 

ICSDN 

ICSN 

IDMRS 

IDRC 

lET 

IEVT 

IFAD 

IFDC 

IFPRI 

IIA 
IICA 
IITA 
IIUCWRRN 
IIUTPABR 
IIUTPPBR 
IIUTPSMR 
IIUTPWR 
ILCA 

Genetic Resources Unit 
Groundnut Rossette Virus 
Growth Stage
Deutsche Gesellschaft fir Technische Zusammenarbeit (Federal Republic 
of Germany)
 

Haryana Agricultural University (India)
 
High Fertility
 
High Performance Liquid Chromatography
 
Institute for Agrizcultural Research (Nigeria)
 
International Agricultural Research Centers
 
Indian Agricultural Research Institute
 
International 
 Board for Plant Genetic Resources (Italy)

Institut Burkinab6 de la Recherche Agronomique et Zootechnique
 
(Burkina Faso)


International Benchmark Sites Network for Agrotechnology Transfer
 
International 
Board of Soil Research and Manavement
 
Indian Council of Agricultural Research
 
International Center for Agricultural Research in the Dry Areas (Syria)

International Chickpea Adaptation Trial
 
International Chickpea Cooperative Trial
 
International Chickpea Cooperative Trial 
- Desi Short-duration 
International Chickpea Cooperative Trial - Desi Long-duration

ICRISAT Groundnut Malawi Numbers
 
ICRISAT Groundnut Synthetic
 
ICRISAT Millet Hybrid
 
ICRISAT Millet Pathology Ergot Sib-bulk
 
ICRISAT Millet Pathology Smut
 
ICRISAT Millet Synthetic
 
ICRISAT Millet Variety
 
International Ciiickpea Root Rots/Wilt Nursery

International Chickpea 
Smut Disease Nursery

International Chickpea Screening Nursery

ICRISAT Data Management and Retrieval System

International Development Research Centre (Canada)
 
Initial Evaluation Trial
 
Initial Experimental Variety Trial
 
International Fund for Agricultural Development (Italy)

International Fertilizer Development Center (USA)

International Food Policy Research 
 Institute (USA) 
Indole Acetic Acid 
Inter-American Institute for Cooperation on Agriculture (Costa Rica)
International Institute of Tropical Agriculture (Nigeria)
ICRISAT/ICAR Uniform Chickpea Wilt/Root Rots Nursery
ICAR/ICRISAT Uniform Trials of Pigeonpea Alternaria Blight Resistance
ICAR/ICRISAT Uniform Trials of Pigeonpea Phytophthora Blight Resistance
ICAR/ICRISAT Uniform Trials of Pigeonpea Sterility Mosaic Resistance
ICAR/ICRISAT Unifoim Trials of Pigeonpea for Wilt Resistance 
International Livestock Center for Africa (Ethiopia) 



IMZAT 
INIA 
INIAP 
INRAN 
INSAH 
INTSORMIL 

IPM 
IPMAT 
IPMDMN 
IPMEN 
IPMON 
IPMRN 
IPMSN 
IPWN 
IRAT 
IRRI 
ISAVN 
ISC 
ISDMN 
ISFQT 
ISGMN 
ISHAT 
ISLDN 
ISMN 
ISRA 
ISSBN 
ISSN 
ISSFN 
ISVAT 
ITCZ 
IVC 
IVMT 
JLU 
JNKVV 
LADTSYT 
LAEVSYT 
LAI 
LARSYT 
LER 
LF 
LID 
LPAY 
LPD 
LPSRY 
LPWRY 
LS 
LUR 
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ICRISAT Pearl Millet African Zone A Trial
 
Instituto Nacional de Investigaciones Agricolas (Mexico)
 
Instituto Nacional de Investigaciones Agropecuarias (Ecuador)
 
Institut National de Recherches Agronomiques du Niger
 
L'lnsi*tut du Sahel (Mali)
 
USAID Title XII Collaborative Research Support Program on Sorghum
 
and Pearl Millet (USA) 

Integrated Pest Management 
International Pearl Millet Adaptation Trial 
International Pearl Millet Downy Mildew Nursery 
International Pearl Millet Ergot Nursery 
International Pearl Millet Observation Nursery 
International Pearl Millet Rust Nursery 
International Pearl Millet Smut Nursery 
International Pigeonpea Wilt Nursery 
Institut de Recherches Agrononiques Tropicales et des Cultures Vivriares (France) 
International Rice Research Institute (Philippines) 
International Sorghum Anthracnose Virulence Nursery 
ICRISAT Sahelian Center (Niger) 
International Sorghum Downy Mildew Nursery 
International Sorghum Food Quality Trials 
International Sorghum Grain Mold Nursery 
International Sorghum Hybrid Adaptation Trials 
International Sorghum Leaf Disease Nursery 
International Sorghum Midge Nursery 
Institut S6n6galais de Recherche Agricole 
International Sorghum Stem Borer Nursery 
International Sorghum Striga Nursery 
International Sorghum Shoot Fly Nursery 
International Sorghum Variety Adaptation Trials 
Intertropical Convergence Zone 
Inter-Varietal Composite 
Improved Vertisol Management Technology 
Justus Leibig University (Federal Republic of Germany) 
Jawaharlal Nehru Krishi Viswa Vidyalaya (India) 
Latin American Drought Tolerant Sorghum Yield Trial 
Latin American Elite Variety Sorghum Yield Trial 
Leaf Area Index 
Latin American Rainfed Sorghum Yield Trial 
Land Equivalent Ratio 
Low Fertility 
Limited Irrigation Dryland 
Late-Maturt'v Pigeonpea Adaptation Yield Trial 
Leaf and Px, t Death 
Late-Maturity Pigeonpea Sterility Mosaic Resistant Yield Trial 
Late-Maturity Pigeonpea Wilt Resistant Yield Trial 
Line Source 
Light-Use Ratio 
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Low Volume Sprayer 
MPAY Medium Pigeonpea Adaptation Yield
 
MPSRY Medium-Maturity Pigeonpea Sterility Mosaic Resistant Yield Trial
 
MPUB Medium-Maturity Pigeonpea Unselected Bulk
 
MPWRY Medium-Maturity Pigeonpea Wilt-Resistant Yield Trial
 
NAA Naphthalene Acetic Acid
 
NABARD National Bank for Agriculture and Rural Development (India)

NARC National Agricultural Research Center (Pakistan)

NARP National Agricultural Research Project
 
NBPGR 
 National Bureau of Plant Genetic Resources (India)

NBRE Napier Bajra Root Extract
 
NEC New Early Composite
 
NEDM Nitrogen Efficiency for Dry-Matter 
Production 
NEG Nitrogen Efficiency for Grain Production
 
NET National Elite Trial
 
NIN National Institute of Nutrition (India)

NSS Naional Sample Survey Organization (India)

NSSL National Seed Storage Laboratory (USA)

NifTAL Nitrogen-fixation by Tropical Agricultural Legumes

ODA Overseas Development Administration (UK)
 
OFVT On-Farm Verification Trials
 
ORD Organisme R6gional de Ddveloppement (Burkina Faso)

ORSTOM Institut Franais de Recherche Scientifique pour le Ddveloppement en Coop6ration 

(France)
 
PAR Photosynthetically Active Radiation
 
PARP Partially Acidulated Rock Phosphate
 
PAU Punjab Agricultural University (India)
 
PAY Pigeonpea Adaptation Yield
 
PBO Piperoryl Butoxide
 
PCCMCA Programa Cooperativo Centroamericano para el Mejoramiento de Cultivos
 

Alimenticios (2anama) 
PCT Population Cross Trial 
PCV Peanut Clump Vii.;, 
PDRY Peoples' Democratic Republic of Yemen 
PE Potential Evapotranspiration 
PEQIA Postentry Quaraintine Isolation Area 
PGMR Panicle Grain Mold Rating 
PI Panicle Initiation 
PMAHT Pearl Millet Advanced Hybrid Trial 
PMAPT Pearl Millet Advanced Population Trial 
PMAST Pearl Millet Advanced Synthetic Trial 
PMAVT Pearl Millet Advanced Variety Trial 
PMEHT Pearl Millet Elite Hybrid Trial 
PMHT Pearl Millet Hybrid Trial 
PMIPT Pearl Millet Initial Progeny Trial 
PMIVT Pearl Millet Initial Variety Trial 
PMNT Pearl Millet National Trial 
PMV Peanut Mottle Virus 
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PON Pigeonpea Observation Nursery
 
PRL Prairie Research Laboratory (Canada)
 
PSSFN Preliminary Sorghum Shoot Fly Nursery
 
PStV Peanut Stripe Virus Disease
 
PVP Polyvinylrpyrrolid one
 
PYT Preliminaiy Yield Trials
 
R Multiple Correlation Coefficient
 
RH Relitive Humidity
 
RP Rock Phosphate
 
RPE Rcombined Population Early
 
RPIP Regional Pulse Improvement Project
 
RPMIS Research Project Management Information Service
 
RR Recovery Resistance
 
RRL Regional Research Laboratories (India)
 
rse Residual Standard Error
 
SADCC Southern African Development Coordination Conference 
SAFGRAD Semi-Arid Food Grain Research and Development (Nigeria) 
SAT Semi-Arid Tropics 
SBSSBN Sorghum Breeding Sorghum Stem Borer Nursery 
SCA Specific Combining Ability 
SCRI Scottish Crop Research Institute (UK) 
SDI Selective Dissemination of Information 
SDS Soft-Dough Stage 
SE Standard Error 
SEPON Sorghum Elite Progeny Observation Nursery 
SM Sterility Mosaic 
SMIC Sorghum and Milets Information Center (India) 
SMK Sound Mature Kernel 
SMSS Soil Management Support Services 
SORGF Sorghum Simulation Models 
SPR Soil Penetration Resistance 
SR Smut Resistant 
SRC Smut-Resistant Composite 
SRPIS Southern Regional Plant Introduction Station (USA) 
SSP Single Superphosphate 
TADD Tangential '\brasive Dehulling Device 
TDM Total Dry Miatter 
TDRI Trcpical Development and Research Institute (UK) 
TGMR Threshed Grain Mold Rating 
TMV Tomato Mottle Virus 
TSP Triple Superphosphate 
TSWV Tomato Spotted Wilt Virus 
UAS University of Agricultural Sciences (India) 
ULV Ultra-Low Volume Sprayer 
UNDP United Nations Development Program 
UNEP United Nations Environmental Program 
UPN Uniform Progeny Nursery 
USAID United States Agency for International Development 
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USDA United States Department of Agriculture 
USG Urea Super Granules 
VAM Vesicular Arbuscular Mycorrhiza 
VLS Village-Level Study 
VMS Virtual Memory System 
WAE West African Early 
WAON West African Observation Nursery 
WARDA West African Rice Development Association 
WART West African Regional Trial 
WC World Composite 
WSARP Western Sudan Agricultural Research Project 
WSP Water-Soluble Phosphorus 
WTC Wheeled Fool Carrier 
WUE Water-Use Efficiency 
WUR Water-Use Ratio 
YAR Yemen Arab Republic 



ICRISAT Governing Board-1984
 
Dr. J. L. Dillon, Chairman 

Dept. of Agricultural Economics 


and Business Management 

University of New England 

Armidale, NSW.2351 

Australia 

Dr. 0. P. Gautam, Vice Chairman 

Director General, Indian Council of 


Agricultural Research (ICAR) and 

Secretary to the Government of India 


Department of Agricultural Research
 
and Education 


Krishi Bhavan 

New Delhi 110 001 

India 

Dr. L. D. Swindale, Ex-Officio Member 

Director General, ICRISAT 

ICRISAT Patancheru P.O. 

Andhra Pradesh 502 324 

India 


Mr. S. P. Mukerji
 
Secretary to the Government of India 

Ministry of Agriculture 

Krishi Bhavan 

New Delhi 110 001 

India
 

Chief Secretary to the 
Goveriament of Andhra Pradesh 


Secretariat 

Hyderabad 500 022 

India 

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

Dr. C. Charreau 
Director for Coordination and Programs 
Central Technical Department 
Institut de Recherches Agronomiques 

Tropicales et des Cultuies Vivrires (IRAT) 
45 bis Avenue de ]a Belle Gabrielle 
94130 Nogent sur Marne 
France 

Dr. A. Hfigberg 
Institute of Crop Genetics and Breeding 
Swedish University of Agricultural Sciences 
S-26800 Sval6v 
Sweden 

Dr. N. L. Innes
 
Head, Plant Breeding Division
 
Scottish Crop Research Institute
 
lnvergowrie, Dundee
 
Scotland
 

Dr. J. Kabor6
 
Via Brenta No. 9
 
00198 Rome
 
Italy
 

Dr. K. Kumazawa
 
Professor of Plant Nutrition and Fertilizer
 
Faculty of Agriculture
 
University of Tokyo
 
Yayoi, Bunkyo-ku, Tokyo
 
Japan
 

Dr. F. V. MacHardy 
7817 Saskatchewan Drive
 
Edmonton,Alberta
 
Canada T6G 2L3.
 

Dr. J. Moncada de la Fuente 
Consevo Directivo de la lnvestigaci6n Agric6la, 

Pecuaria, Forestal y Agroindustrial de la Sarh 
Dickens 52-401 
Colonia Polanco 11560 Mexico, D.F. 
Mexico 

Dr. .1. H. Monyo 
Chief, Research Development Center 
Food and Agriculture Organization 

of the United Nations (FAO) 
Via delle Terme di Caracalla 
Rome 00 100 
Italy 

Dr. P. Mbiller 
Deputy Head, Dept. of Agriculture,
 

Health and Rural Development
 
Deutsche Gesellschaft fMr Technische
 

Zusammenarbeit (GTZ) GmbH 
Postfach 5180 D-6236 Eschborn I 
Federal Republic of Germany 
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ICRISAT Senior Staff- December 1984
 

Administration 	 International Cooperation 
L. D. Swindale, Director General ICRISAT Sahelian Center, Niger
J. S. Kanwar, Director of Research 
C. R. Jackson, Director of International Cooperation M. Tardicu, Coordinator of Programs, West Africa 
M. G. Wedeman, Principal Administrator 	 (until December)
S. P. Ambrose, Principal Government Liaison Officer K.F. Nwaiize, Principal Millet Entomologist
B.C. G. Gunasekera, P'rincipal Soil and Water Scientist and Team Leader
 

(International Cooperation) 
 K. Anand Kumar, Principal Millet Breeder 
S. J. Phillips, Special Assistant to Director General 13.B. Singh, Principal Millet Breeder (Maradi)


for Educational Affairs 
 M. V. K. Sivakumar, Principal Agroclimatologist
V. Balasubramanian, Senior Executive Officer 1). C. S. Spencer, Principal Economist (from May)

(Director General's Office) M. C. Klaij, Principal Soil and \Water Engineer
Joyce 	Gay, Senior Administrative Secretary C. A. Giroux, French Writer, Editor
 

to Director General 
 B. D. Marvaldi, Project Development Officer
 
Sunetra Sagar, Administrative Secretary (from May)
 

to Director of Research 	 P. G. Serafini, Farm Manager (from April)
S. 	 Krishnan, Senior Administration Officer D. C. Goodman .r., Administitive Officer
 

(International Cooperation) 
 L. K. Fussell, I'rincipal Millet Agronomist
D. M itra, Fiscal Manager 	 13.Christianson, Soil Scientist (ICR ISAT, IFDC)
A. Banerji, Assistant Manager (Fiscal) A. Batiano, Soil Scientist (ICRISAT, IFDC)
V. S. Swaminathan, Senior Accounts Officer Maimouna S. l)icko, Animal Nutritionist 
A. N. Venkataswamy, Accounts Officer 	 (ICRISAT, ILCA)
C. P. Rajagopalan, Accounts Officer E. J. Guthrie, Principal Millet Plant Pathologist
B. K. Johri, Personnel Manager 	 (until August)
Y. Bharadwaja, Assistant Personnel Manager .. Mclntire, Principal Economist (until April)
N. S. L. Kumar, Senior Personnel Officer B. R. Ntare, Cowpea BrLcderi Agronomist
P. Suryanarayana, Senior Personnel Officer (ICRISAT 1IIHA)
R. Vaidyanathan, Purchase and Stores Manager R. Chase, Soil Scientist (Texas A&M University) 
K. P. Nair, Senior Purchase Officer
 
1). K. Mehta, Senior Store. Officer
 
D. V. Rama Raju, Senior Purchase Officer Burkina Faso
 
K C. Saxena, Stores Officer
 
K. R. Natarajan, Shipping and IPurchase Officer C. M. Pattanayak, Principal Sorghum Breeder 
S. 	 i(. Dasgupta, Senior Scientific liaison Officer and Team Leader 

(Visitors' Services) K. V. Ramaiah, Principal Cereal Breeder-- Striga
A. Lakshminarayana, Scientific Liaison Officer S. N. Lohani, Principal Millet Breeder 

(Visitors' Services) E. R. Perrier, Principal Agronomist,
K. K. Sood, Senior Security Officer Soil and Water Management (until September)
A. Ekbote, SecLirity Officer P. J. Matlon, Principal Production Economist
S. 	Ramachandran, Administrative Officer Helga Vierich, Principal Social Anthropologist 

(International Cooperation, from August) 
K. K. Vij, Senior Administrative Officer (Delhi Office) 
V. Lakshmanan, Assistant Manager (Administration) Mali 
N. Surya Prakash Rao, Resident Medical Officer 
R. Narsing Reddy, Transport Officer (on study leave) J. F. Scheuring, Principal Cereals Breeder 
G. Vijayakumar, Transport Officer and Team Leader 
K. Jagannadham, Administrative Officer (Transport) S. V. R. Shetty, Principal Agronomist (from June)
K. V. S. Bose, Travel Officer (until October) P. G. Serafivi, Principal Agronomist (until April) 
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Nigeria 	 Research Programs 
S. 0. Okiror, Principal Millet Breeder Sorghum
 

and Team Leader
 
J. F. MacFarlane, Principal Entomologist (until June) L. R. House, Principal Plant Breeder 
S. V. R. Shetty, Principal Agronomist (until June) and Program Leader (until April) 

S. Z. Mukuru, Principal Plant fireeder 
(Acting Program Leader from April)

Senegal L. 	K.Mughogho., Principal Plant Pathologist
S. C. Gupta, Principal Millet Breeder J. M. Peacock, Principal Plant Physiologist 

K. L.cuschner, Principal Cereal Entomologist 
Bhola Nath Verma, Plant Breeder (until June)

Kenya D. S.Murty, Plant Brecedcr
 
Brhane Gebrekidan, SAFGRAD/ ICRISAT 1. L. Agrawal, Plant Breeder
Bielum V. S. lReddy, Plant Breeder 

Coordinator for Sorghum and Millet, Eastern (on Vedom Plantrv) 
and Southern Africa 	 (oi leave from .hntary) 

N. 	Seetharama, Plant Physiologist 
(on sabbatic leave from August) 

Sudan R. K. Maiti, Plant Physiologist 
P. Soman, Plant Physiologist (from December)R. P. Jain, Principal Millet Breeder Suresh Pande, Plant Pathologist 

R. Bandopadhyay, Plant Pathologist 
Malawi 	 S. I. Taneja, Entomologist 

H. C. Sharma, Entomologist
K. R. Bock, Principal Groundnut Plant Pathologist H. D. Patil, Senior Research Associate
 

and Team Leader 
 S. P. Java Kumar, Administrative Officer 
S. N. Nigam, Principal Groundnut Breeder 

Pearl Millet
 
SADCC Regional Sorghum and Millet 
 D. .. Andrews, Principal Plant Breeder
 
Improvement Project, Zimbabwe 
 and Program Leader (until May) 

F. R. Bidinger, Principal Plant PhysiologistL. 	R. House Sorghum Breederand Projct Manager (Acting Program l.eader until September)

(from April) 
 S. B. King, Principal Plant Pathologist

E. W. Nunn, Farm Development Specialist (Acting Program Leader from September)

(from June) 
 J. R. Witcombe, Principal Plant Breeder (from April)

W. Williams, Administrative Officer (from June) K. K. Lee, Principal Cereals Microbiologist 

(from August)
 
Syria K. N. Rai, Plant Breeder
 

B. S. Talukdar, Plant Breeder 
K. B. Singh, Principal Chickpea Breeder Pheru Singh, Plant Breeder 
M. V. Reddy, Principal Chickpea Plant Pathologist S. B. Chavan, Plant Breeder 

G. Alagarswamy, Plant Physiologist 
(on sabbatic leave from St tember) 

Pakistan V. Mahalakshni, Plant Physiologist 
P. Soman, Plant Physiologist (transferred toM. S. Rahman, Principal Chickpea Breeder/ Plant Sorghum from December)

Pathologist (from November) S. 	 D. Singh, Plant Pathologist 

R. P. Thakur, Plant Pathologist 
Mexico S. P. Wani, Microbiologist 

K. R. Krishna, Microbiologist
V. Y. Guiragossian, Principal Sorghum Breeder Nirmala Kumar, Administrative Officer 
C. L. Paul, Principal Sorghum Agronomist M. K. O'Neill (International Intern, until August) 
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Pulses 

Y. L. Nene, Principal Plant Pathologist 

and Program Leader 


D. G. Faris, Principal Plant Breeder, Pigeonpea 
J. 	B. Smithson, Principal Plant Breedei, Chickpea 

(until May) 
W. 	Reed, Principal Entomologist 


(on sabbatic leave from May) 

C. Johansen, Principal Agronomist (from July) 
H. A. van Rheenen, Principal Plant Breeder, Chickpea 

(from October) 
J. 	Arihara, Assistant Physiologist, Pulses 


(Visiting Scientist, TARC) 

0. P. Rupela, Agronomisx (Microbiology) 
J. V. D. K. Kumar Rao, Agronomist (Microbiology) 
D. M. Pawar, Agricultural Oflicer (Cooperative T'rials) 
M. 	 D. Gupta, Senior Research Associate 


(on study leave from November) 

K. C. Jain, Plant Breeder, Pigeonpea 
K. 	B. Saxena, Plant Breeder, Pigeonpea 
S. C. Gupta, Plant Breeder, Pigeonpca 
Harjit Singh, Plint Breeder, Pigeonpea (from May)
Onkar Singh, Plant Breeder, Chickpea 
C. 	L. L. Gowda, Plani t1rceder, Chickpea 
S. C. Sethi, Plant Breeder, Chickpea 
Jagdish 	Kumar, Plant Breeder, Chickpea 


(on sabbatic leave from July) 

N. P. Saxena, Agronomist (Physiology) 
Y. S. Chauhan, Agronomist (Physiology) 
S. S. Lateef, Entomologist 
S. Sithanantham, Entomologist 
S. P. S. Beniwal, Senior Pliant Pathologist 


(until November) 

M. P. Haware, Plant Pathologist 
J. Kannaiyan, Plant Pathologist (until Nuovember) 
A. M. Ghanekar, Plant Pathologist (from May)
V. S. Bisht (Research Fello") 
D. R. Dent (International Intern) 
I. S. Dundas (International Intern, from November) 
S. Dwivedi (Research Fellow, from March) 
S. B. Sharma (Research Fellow) 

Groundnut 

R. 	W. Gibbons, Principal Plant Breeder 
and Program Leader (on sabbatic leave until April) 

D. McDonald, Principal Plant Pathologist 
(Acting Program Leader until April) 

D. V. R. Reddy, Principal Plant Virologist 
(on sabbatic leave until April) 

J. H. Williams, Principal Plant Physiologist 

.1.P. Moss, Principal Cytcgeneticist 
(on sabbatic leave from October)

J. A. Wightman, Principal Entomologist ffrom August) 
L. J. Reddy, Plant Breeder 
P. 	Subrahmanyam, Plant Pathologist
 

(on sabbatic leave from April)
 
A. M. Ghanekar, Plant Virologist (until Apri!) 
M. J. Vasudeva Rao, P!ant Breeder 
V. 	M. Ramraj, Plant Physiologist 
V. 	K. Mehan, Plant Pathologist 
P. T. C. Nambiar, Microbiologist 
P. W. Amin, Entomologist 
A. K. Singh, Cytcgeneticist 
D. C.(Sastri, Cytogeneticist 
S. L. [)wivedi, Plant Breeder
 
". C. Nageswar Rao, Plant Physiologist
 
A. 13.Mohammed, Entomologist (until October) 
P. Subrahmanyam, Administrative Officer
 
S N. Azam Ali (International Int,:rn)
 
K. M. Dicl; (International Intern, from December) 
M. Dutta (Research Fellow) 
H. 	A. Hobbs (International Intern, from March) 
S. Nahdi (Research Fellow, from March)
 
Rasheedunisa (Research Fellow, until November)
 

Farming Systems 
S. 	 M. Virmani, Principal Agroclimatologist and 

Program Leader (on sabbatic leave from November) 
J. P.. Burford, Principal Soil Chemist 

(Acting Program Le3der from November) 
R. W. Willey, Principal Agronomist (until August) 
C. 	W. Hong, Principal Soil Scientist 

(ICRISAT' IFDC) 
S. A. EI-Swaify, Principal So;il Scientist (until July) 
G. E. Thierstein, Principal Agricultural Engineer 

(on sabbatic leave until December) 
T. Takenaga. Principal Agricultural Engineer 

(ICRISATTARC) 
J. 	 L.Montikh, Agroclimatologist 

Visiting Scientist, (.Julv to l)eccmber)
 
). Sharma, Coordinator, On-farm Research
 

A. B. S. King, Cropping Systems Entomologist 
(ICRISATITDRI, front March)

R. 	Busch, Principal Soil Scientist 
(ICRISAT/Justus Leibig University) 

M. 	Wurzer, Principal Assistant Soil Scientist 
(ICRISAT/ University of Hartburg) 

A. Schutt, Assistant Engineer, Soil Fertility Unit 
(ICRISATi University of Hamburg, from 
December) 

Piara Singh, Soil Scientist 
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Sardar Singh, Soil Scientist 	 V. Subramanian, Biochemist 
T. J. Rego, Soil Scientist Santosh Gurtu, Senior Research Assocate
 

(on sabbatic leave from October) M. S. Kherdekar, Senior Research Associate
 
K. P. R. Vittal, Soil Scientist 
K. L. Sahrawat, Soil Chemist
 

(on sabbatic leave until July) Electron Microscopy
 
A. K. S. Huda, Agroclimatolegist 
M. R. Rao, Agronomist 	 A. K. Murthy, Engineer 
M. S. Reddy, Agronomist 
M. Natarajan, Agronomist 
H. 	Yao., Associate Agronomist Genetic Resources
 

(ICRISAT/JICA, from September)
 
R. C. Sachan, Agricultural Engineer 	 M. H. Mengesha, Principal Germplasm Botanist 
K. L. Srivastava, Agricultural Engineer 	 and Program Leader 
R. K. Bansal, Agricultural Engineer (on sabbatic leave from November)
 
Prabhakar Pathak, Agricultural Engineer L. J. G. van der Maesen, Principal Germplasm
 
C. S. Pawar, Entomologist 	 Botanist (until April) 
N. 	K. Awadhwal, Agricultural Engineer/Soil W. H. Skrdla, Germplasm Botanist and Acting
 

Physicist (from September) Program Leader (from October)
 
S. 	K. Sharma, Senior Research Associate K. E. Prasada Rao, Botanist 
A. 	A. H. Khan, Senior Research Associate S. Appa Rao, Botanist
 

(Engineering) 
 (on sabbatic leave from Novemjer) 
V. M. Mayande, Senior Research Associate R. P. S. Pundir, Botanist 

(Engineering) P. Remanandan, Botanist
 
Surendra Mohan, Senior Administrative Officer V. Ramanatha Rao, Botanist
 
S. Ramachandran, Senior Secretary (until July) 
R. T. Hardiman (International Intern) 

Plant Quarantine
 
Economics
 

B. K. Varma, Chief Plant Quarantine Officer
M. von Oppen, Principal Economist and Upendra Ravi, Senior Research Associate
 

Program Leader 
 N. Rajamani, Senior Administrative Officer 
R. A. E. Mtller, Principal Economist (from June) 
T. S. Walker, Principal Economist (ICRISATi ADC. 

on sabbatic leave from September) Fellowships and Training 
N. S. Jodha, Senior Economist 
R. D. Ghodake, Economist 	 D. L. Oswalt, Principal Training Officer 
R. P. Singh, Economist 	 A. S. Ni rthy, Senior Training Officer 
R. S. Aiyer, Senior Administrative Officer B. Diwikar, Senior Training Officer 
K. G. Kshirsagar, Senior Researchl Associate T. Nagur, Senior Training Officer 
K. V. Subba Rao, Senior Research Associate A. Prakash R-io, Training Officer (until June)
M. J. Bhende, Senior Research Associate T. A. Krishnamurthi, Senior Administrative Officer 
N. V. Narasimhan, Research Fellow (from August) 
V. Ballabh, Research Fellow (from January) Information Services 

Support Programs 	 H.L.Thompson, Head 
J. B. Wills, Research Editor 

Biochemistry Susan D. Feakin, Research Editor 
S. 	R. Beckerman, Visiting Research Editor 

R. Jambunathan, Principal Biochemist (from September) 
Umaid Singh, Biochemist S. M. Sinha, Assistant Manager, Art and Production 

(on sabbatic leave from October) D. R. Mohan Raj, Editor 
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H. S. Duggal, Senior Photographic Supervisor 
G. K.Guglani, Senior Art Visualizer 
T. R. Kapoor, Senior Composing Supervisor 
A. Antonisamy, Printshop Supervisor 
N. V. N. Chari, Administrative Officer 

Statistics 

B.Gilliver, Principal Statistician 

Murari Singh, Statistician
 

Computer Services 

J. W. Estes, Computer Services Officer 
S. M. Luthra, Assistant Manager 


(Computer Services) 

T. B. R. N. Gupta, Senior Computer 


Programmer/Analyst 

J. Sai Prasad, Computer Programmer/Analyst 
C. Kameswara Rao, Computer Programmer/Analyst 

Library and Documentation
 
Services
 

L. J. Haravu, Manager
 
(Library and Documentation Services)
 

P. K. Sinha, Senior Documentation Officer 
P. S. Jadhav, Library Officer 
S. Prasannalakshmi, Library Officer 

Housing and Food Services 

G. W.Conover, Manager (from February) 
S. Mazumdar, Assistant Manager (Food Services) 
B. R. Revathi Rao, Assistant Manager (Housing) 
D. V. Subba Rao, Assistant Manager (Warehouse) 

Physical Plant Services 
P. M. Menon, Senior Administrative Officer 

and Acting Station Manager 
Sudhir Rakhra, Chief Engineer (Civil) 
D. Subramaniam, Chief Engineer (Electrical) 
U. B. Culas, Manager (Workshop, until December) 
S. K. V. K. Chari, Senior Engineer 

(Electronics and Instrumentation, on study leave) 
N. 	S. S. Prasad, Senior Engineer 

(Electronics and Instrumentation) 

A. R. Das Gupta, Senior Engineer (Communication) 
D. C. Raizada, Senior Fngineer (Airconditioning) 
N. V. Subba Reddy, Horticulture Officer 
D. V. S. Verma, Engineer (Machineshop) 
R. Thiyagarajan, Engineer (Automobiles) 
A. N.Singh, Engineer (Heavy Equipment anu Tractors)
S. W. Quadar, Engineer (Office Equipment)
K.Mohan, Engineer (Civil, until June) 
K. R. C. Bose, Engineer (Civil, from September)
V. S. Raju, Senior Secretary 

Farm Development and Operations 

D. S. Bisht, Farm Manager
S. N. Kapoor, Manager (Farm Operations) 
S. K. Pal, Senior Plant Protection Officer 
K. Ravindranath, Senior Engineer (Farm Machinery) 
M. Prabhakar Reddy, Senior Agricultural Officer 
M. C. Ranganatha Rao, Senior Engineer 
S. Abid Ali Khan, Agricultural Officer 
K. Santhanam, Senior Administrative Officer 


