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ICRISAT's Objectives 
ICRISAT's mandate is to: 

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

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

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

4. Assist in the development and transfer of technology to the farmer through cooperation
with national and regional research programs, and by sponsoring woikshops and confer
ences, operating training programs, and assisting extension activities. 
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About This Report 

This Annual Report covers the 1986 calendar year. It includes work dorie at ICRISAT Center 
near Hyderabad, India, at research stations on the campuses of agricultural universities in 
different climatic regions of India, and at national and international research facilities in seven 
countries of Africa, and in Mexico, Syria, and Pakistan, where ICRISAT scientists are 
posted. Pertinent agroclimatic information is presented in the Agroclimatic Environment 
section. 

Following the merger in 1985 of Farming Systems and Economics programs into the 
Resource Management Program, other changes have occurred in 1986 in the management 
structure. ihe previous Sorghum and Pearl Millet programs have been amalgamated into a 
Cereals Program; and work carried out previously on chickpea, pigeon,'i;, and groundnut is 
now integrated in the Legunes Program. In this Report, however, resea, ch achievements in 
respect of the Institute's five mandate crops are presented by crop, as in previous years, in the 
form of interdisciplinary reports on problem areas that reflect the inter.wtive nature of our 
scientists' work. 

Research by ICRISAT scientists in cooperative programs outside India is reported under 
relevant crop or discipline headings. Detailed reporting of the extensive activities of ICRI-
SAT's research support units is preluded by the space available in this volume, but compre
hensive coverage of ICRISAT's core research programs is given. Further information about 
the work reported here is provided in individual program publications, available from the 
research programs concerned. Offprints of sections of this Annual Report are also available 
on request from program offices. 

ICRISAT uses the Syst~me international d'unit s (SI units). Throughout this Report, the 
variability of estimates is shown by including the standard error (SE); on graphs representing 
the mean of several observations the standard error is shown by a bar (1). Where levels of 
probability are discussed in the text, significance is generally mentioned at the 5% level; where 
the level differs, it is indicated parenthetically. in tables, levels of probability are shown by 
asterisks: * for P,< 0.05, ** for P-< 0.01, and *** for P< 0.001. Unless otherwise specified, 
available phosphorus (P)refers to the amount of phosphorus extracted from soil by Olsen's 
method, using 0.5 M NaHC03 as the extractant. 

A list of elite ICRISAT plant materials issued by the Institute's Plant Material Identifica
tion Committee appeais at the end of this Report. In the text the ICRISAT designation for 
each plant material is given first, followed by its released designation or name in parentheses 
(where different) or its original name. 



ICRISAT's Five Crops 
Latin English French 

Sorghum Sorghum, Sorgho 
bicolor durra milo, 

" ;(L.) Moench kafir corn,Egyptian corn. 

(/ Pennisetum Pearl millet, Mil
 
Le e k e(americantwnL. ) bulrush).,/' ! , k cattail millet,millet, 

spiked millet. 

Cicer Chickpea, Pois chiche 
arietinum L. Bengal gram, 

caravance, 
garbanzo bean.
 

Cajanus Pigeonpea, Pois d'Angole 
" ca/an red gram..,l: Xz~~ 't (L.) Millsp. 

Arachis Groundnut, Arachide 
lhypogaea L. peanut. 
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Portuguese Spanish Hindi 

Sorgo Sorgo, Jowar, 
zahina jaur 

Painco, Mijo perla, Bajra 
perola. mijo. 

Grao-de-bico Garbanzo, Chana 
garavance. 

Guando, Guandul Arhar, 
feijao-guando. tur. 

Amendoim Mani Mungphali 

vii 



Introduction
 

The year 1986 saw ICRISAT make further prcgress in the development and 
strengthening of our programs in Africa, as well as in our research at ICRISAT 
Center, thanks to adequate funding. This was the first year since 1979 with full 
funding of our budget request. 

In Africa, we now have substantial research programs in the western and 
southern parts of the continent. In the near future, we expect to develop a 
program in the eastern region as well. Buildings of the new ICRISAT Sahelian 
Center (ISC) at Sador , near Niamey, Niger, are scheduied to be ready for 
occupancy in 1988. A 1.5 ha block of land is being acquired from the City of 
Niamey, for the'Training and Visitors' Center, which will accommodate 15 
French-speaking, in-service trainees each season. 

Thie new buildings of the CRISAT Sahelian Center under cons!ruction, at Sadori, Niger. 
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The ICRISAT Mali program, assessed as "extremely cost-effective" by an 
outside evaluation team, completed 10 years of work combining plant breed
ing, agronomy, and product acceptability. It provided an infrastructure for 
crop research in Mali, trained Malian scientists, and provided technical assist
ance in breeding and agronomy. Tests are now under way in the second phase
of the ICRISAT Mali progran to develop improved technologies for cereal/
groundnut or cereal/cowpea intercropping and labor-saving techniques for 
weed control. Future research will aim at developing crop lines that utilize the 
agroclimatic resources more efficiently. We are pleased to note that 50 Malians 
had been trained at ICRISAT Center up to the end of 1986, most of whom now 
contribute their knowledge and skills to the national program of Mali or to the 
ICRISAT Mali Program. 

In Asia, ICRISAT signed two separate agreements with.Bangladesh and 
Burma providing for collaborative research in those countries on sorghum, 
legumes, and dryland farming systems.

Following a recent challenge from the Chairman of the Consultative Group
for International Agricultural Research to the International Agricultural
Research Centers, ICRISAT Center has made a distinct shift towards more 
strategic and interdisciplinary research. New approaches planned will include 
harnessing biotechnology to improve grain quality and enable wider use of' 
sorghum and pearl millet, and more innovative computer aptlication in tie 
analyses of genotype x environment interactions. M icroconputers are being
used also to speed up progress in plant breeding, particularly in pearl millet. 

During the year, ICRISAT's management was reorganized, with the 
Governing Board's approval. The five mandate crops were grouped under two 
programs, replacing four existing crop improvement programs. Sorghum and 
pearl millet are now dealt with in the Cereals Program, and pulses (chickpea
and pigeonpea) and 'groundnut in the l-egumes Progr.m. The new structure 
provided for a Deputy Director General, two Assistant Directors General (for
Administration and for Liaison), three P1rogram Directors based at ICRISAT 
Center (heading the Resource Management, Cereals, and Legumes Programs),
and two Executive Directors based in Africa. The changes reflect ICRISAT's 
increasing commitments in Africa and are expected to achieve better coordina
tion of its efforts worldwide. 

The Asian Grain Legumes Network was established to speed up exchange of 
materials and information between ICR.ISAT and countries in South and 
Southeast Asia. The network will seek to relate ICRISAT's research efforts on 
legumes to those of other regional and international organizations. Its ultimate 
:oal will be to ensure that appropriate new technology, which can increase 
legume productivity, reaches farmers as quickly as possible. Delegates at the 
Consultative Group Meeting for Eastern and Central African Regional 
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Research on Grain Legumes, held in December 1986, urged ICRISAT's pres
ence within that region to assist in increasing legume productivity there. 

Regional networks involving cereals were initiated in Africa. At the Fifth 
Eastern Africa Regional Workshop on Sorghum and Millet held at Bujum
bara, Burundi, the participants proposed the setting up of a centralized 
regional information unit at Nairobi, Kenya, organized by the ICRISAT/ 
Semi-Arid Food Grain Research and Development (SAFGRAD) coordinat
ing office, to improve information collection and dissemination. The partici
pants proposed that tills unit form part of an Eastern Africa Regional Sorghum 
and Millet (EAIRSAM) network. 

Several crop varieties or hybrids developed from ICRISAT material were 
released to farmers during the year. ICPL 87, an early-maturing ICRISAT 
pigeoapea variety with good ratoonability, was officially released to farmers in 
peninsular India as Pragati (meaning progress). Newspapers reported that 
farmers had harvested more than 4 t hia i of this pigeonpea variety, using an 

Botswana's Assistant Minister for Agriculture, Mr G.M. Oteng (second from right) with 
Resource Management Program scientists viewing a cropping systems experiment with ICPL 
87, the pigeonpea variety recently released in India, at ICRISAT Center. 

, I
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ICRISAT multiple-harvest technique. This account led to a flood of requests
for seed from farmers, seed companies, and extension officials from various
Indian states. Farmers who grew the variety in Rangareddy district in Andhra
Pradesh were enthusiastic about it because its low height enabled easy spraying
with insecticides and, at one location, dry seed yields ip to 5.2 t la-' (two
harvests, 180 days) were reported. In Maharashtra, the variety's relatively large
seed and its superior vield performance Found favor, while in Madhya Pradesh,
where the variety is intended for cropping in rotation with wheat, ICPL 87 gave
higher yields than the control cultivar, UPAS 120. 

For the first time. an ICR ISAT sorghun hybrid, ICSH 153 was released in
India as CS H II for cultivation in all regions that grow rainy-season sorghums.
ICRISAT economists found that Indian farmers, who grew the hybrid, har
vested 2.85 t ha-' of grain and 890 kg ha-' of fodder. Most of them found CSH
II superior to the popular hybrid, CSi-I 9. It is encouraging that one ofthe two
Indian seed companies multiplying this hybrid sold 171.7 t of its seed in 
Karnataka in 1986: a year ago the figure was only 18 t. 

Similarly, ICRISAT's pearl millet variety ICMV 1, released in India as 
WC-C75 in 1982, is preferred by farmers over competing cultivars because of
its grain and fodder yields. Seed production had spread in 1986 to nine states of
India, which represent 60-65(, of tile country's total pearl millet area. The
demand for breeder seed ofthis variety is increasing. ICR ISAT supplied 560 kg
of breeder seed to seed production agencies in India fromJanuary 1985 to April
1986 in response to their requests for 900 kg, suggesting an even greater
popularity in the coming years. According to data provided by the Indian 
Council of Agricultural Research (ICAR), targeted seed production of this
variety will cover 1.5 million ha during the 1987 rain'' season. The variety is
expected to be released in Zambia and the Yemen Arab Republic as well. 

ICRISAT's collaborative work with the International Center for Agricul
tural Research in the Dry Areas (ICARDA) showed that winter-sown chick
peas have a much greater yield potential than the traditional spring-sown
chickpea in West Asia. However, such crops could be devastated by ascochyta
blight and very low temperatures. l)uring 1986, we made considerable progress
in selecting genotypes that are tolerant to low temperatures. ICR ISAT already
has a well-established project in Pakistan working on ascochvta blight. Partic
ipants this year at the International Chickpea Scientists' Meet, held in Pakistan
and cosponsored by the Pakistan Agricultural Research Council and ICRI-
SAT, reviewed this cooperative work. 

Research on drought continued to be of high priority to ICRISAT. A 
spacious rainout shelter, funded in part by )eutsche Gesellschaft fdir Tech
nische Zusammenarbeit (GTZ), was commissioned at ICRISAT Center to be 
utilized by Institute scientists in strategic research to combat drought. 
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The rainout shelter in operation at ICRISAT Center. 

Rainfall variability from year to year limits productivity in the West African 
Sahel, an important mandate region for ICRISAT. Unfortunately, no strate
gies have yet been evolved, that consider actual or intraseasonal weather there, 
to COpC with suh climatic variaitions. From detailed analysis for numerous 
locations in West Africa, our Resource Management Program at ISC showed 
that a strong association exists beiween the date of onset of rains and the length 
of the growing season. This analysis was applied during the 1986 rainy season, 
when rains arrived 20 days earlier than average. Since this pointed to a longer 
growing season, we planned for a sequential crop of early-maturing cowpea 
after the pearl millet crop. The rainfed crop of pearl millet yielded 1.2 t grain 

.and 3.7 t straw ha - 1 Sequential cowpea yielded no grain, but 0.42 t hay ha - I 

which, in ecornomic terms,is substantial. 
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President Sevni Kountch, of Niger (with grain in h1nd) discusses Co w)ea seed characteristics
with ICtRi. ;AT scientists and members of his entourage during a ,isilto I(RISAT Sahelian 
(enter. 

Research at IS( also showed that application of Crop residies helps increase 
Crop yields and red icCs the alumniiiur and hydrot-en,saiirration of the 
exchanige complex. 1icollaboration with the Internati onal Instit ute ofTlropi
cal A\gricultirc (II1.\). we C
arL \altiatii a I8ltLc number ,hort-cvclC cow
peas to i1pro\'e the Frod LIctivity oI the pearl mille Cc \ ,a iIItCrcrop, a 
popular cropping svslcm \,,ih farmer, in the Sahel. 

ICRISA 's \i ilomist, cuto.molngist. and mthologists hocan newwork iIC 
greenluses colplctcd tllis \'cir. Ihesc pro idc coilirollcd phytoanitarv fail
ities for the continUi in-,tudv oI iruses. hllmmn mld insCcts thail lttack I'R ISA V 
mandate crops. 

Reliable and reproducilblc results in the screClen a.ind ,ClCction o[ lines for 
resistance to insect pests require ptilmum aid uniform levels of insect illfCsla
tion. This is seldom possiblc under na.tural incstation con"dilions, 'At I(RI-
SAT, :1new insect-rcaring labo rat ory has ben installed where the sorgh uim 
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stem borer, Chilo partel'us,can be mass-produced under controlled condi
tions. Two other pest species, Spodopieralituraand Mythimna separata,are 
also being reared. This new facility is expected to hasten the screening of large 
quantities of germplasm nd breeding material. 

ICRISAT initiated germplasm evaluation in several national and regional 
locations. In these programs, undertaken in collaboration with agricultural 
research organizations in Camerooil, Ethiopia, India, Kenya, and Zimbabwe, 
germolasm lines from ICRISAT's gene bank were delivered to the national 
programs for sowing, joint evaluation, and selection. ICRISAT continues to 
help national programs identify promising germplasm lines for utilization in 
their respective countries, with emphasis on lines growing in their original and 
natural habitats. This collaborative research has been received enthusiastically 
by national programs, and ICRISAT plans to extend such activities to other 
countries of the semi-arid tropics. 

Scientists from the National Bureau of Plant Geri c Resources (India) and ICRISAT's 
Genetic Resources Unit view a pearl millet evaluation plot at ICRISAT Center. 
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Trainees from five continents at ICRISAT Center sing a welcome song on ICRISAT Annual 
Day. 

Food policymakers representing 14 African countries and concerned international and 
regional agencies being briefed on the Institute's mandate by Director General L.D. Swindale 
in the Center foyer. 
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In ICRISAT's gene bank, we added 2952 new accessions of our mandate 
crops and 466 of minor millets from 29 countries in 1986, bringing the total 
number of accessions maintained and conserved in the bank to 89 117. During 
the year, we distributed 38 064 packets of seed samples around the world in 
response to requests. 

As many as I81 persons from 44 countries participated in individualized and 
intensive training programs comprising 4 492 manweeks at ICRISAT Center, 
to develop skills in areas that fall within the Institute's mandate. Another batch 
of nine scientists from five Southern African Development Coordination 
Conference (SADCC) countries pL rticipated in an intensive 4-week sorghum 
and millet training course at Matopos, Zimbabwe, while six students from 
Niger were supervised and trained at the ISC. 

Many international workshops and meetings were held during 1986, spon
sored or cosponsored by ICR ISAT. The International Agricultural Research 
Centers' (IARC) Workshop on Farming Systems Research (ISR), held at 
ICRISAT Center, examined existing approaches to FSR in the IARCs, and 
discussed the respective roles of national and international research agencies in 
FSR. An International Pearl Millet Workshop, held at ICRISAT Center, was 
attended by 109 scientists from 22 countries, it addressed major areas of 
research, production, and utilization of the crop. A Consultant's Meeting on 

The U.S. Ambassador to India, Mr lohn Gunther Dean (second from right) and Mrs Dean 
show interest in the cytogenetirs work on groundnut in a laboratory at ICRISAT Center. 
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Research on Drought Problems in the Arid and Semi-Arid Tropics. also held 
at ICRISAT Center, considered priority areas for applied research to improve 
crop production under drought conditions. 

Over 12 500 persons visited ICRISAT Center in 1986. Prominent among
them were some 25 food policymakers representing 14 African countries and
concerned international and regional agencies. The group evinced particular
interest in ICRISAT's technology for double-cropping Vertisols in areas with 
dependable rainfall. Other visitors included Mr Yogendra Makwana, India's 
Minister of State for Agriculture and Cooperation, Mr G.M. Oteng, Botswa
na's Assistant Minister for Agriculture; Mr ohn Gunther Dean, U.S. Ambas
sador to India; and Mr Shirnelis Adugna, Ethlopia's Ambassador to India.
Visitors at ISC included President Seyni Kountch(l of Niger, accompanied by
Niger's Minister of Agriculture and officials of INRAN. Also visiting the ISC 
were Ministers of Foreign Affairs of Mali and Niger; the Ambassador of Niger
in Mali; and the Ambassadors of the Peoples Republic of China, the Federal 
Republic of Germany, Mall, and the USA in Niger.


We look forward to achieving even greater success in 
 1987 in our efforts to
make resource-poor farmers of the semi-arid tropics more confident of the 
harvests to coie. 

F.V. Macliardy L.D. Swindale 
Chairman, Governing Board Director General 
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Semi-arid tropical regions ofthe world (shaded). Numbers indicate locations where ICRISAT staff worked in 1986. 
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I. CIMMYT. Mexico 2. Cinzana/Sotuha. Mali 1 (. ICARDA, Syria 
3. Kamboins/Firak, 1i3. Burkina Faso II I',larnabad, Pakistan 
4. ICRISAI Sahelian Center. Niger 12. Hlisar, India5. Maradi, Niger 13. G(i alior. India 
6. 1I Obeid. Sudan 14 ICRISAT Center, India 
7. Nairobi, Kenya 15. Dhar" 'd. India 
8. Chited/e, .Malai 16. Bhavanisagar, India 
9. Matopos. Zimbab.e 17. Anantapur, India 

Cover photo: ICRISAT trials at Bhavanisagar, India, rainy season 1986.
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AGROCLIMATIC ENVIRONMENT
 

Most of the research reported in this volume was carried out at ICRISAT Center, the Institute's main 
research facility in south-central India, at ICRISAT Sahelian Center in Niamey, Niger, and at the 
SADCC/ICRISAT Program based at Matopos, Zimbabwe, with important contributions from 
ICRISAT scientists posted at cooperative stations in India, in five other African countries, and in 
Mexico, Syria, and Pakistan. As a background to our research reports, this section presents a brief 
description of tile environments where tile majority of our trials are grown and includes rainfall and 
temperature data for most of those locations. 

India 

ICRISAT Center, Patancheru 

The Institute is located at 18' N, 78' E near Ilatanchert, village, Andhra Pradesh, 26 km northwest of 
Hyderabad. The experimental farm, extending over 1394 ha includes two major soil types found in the 
semi-arid tropics: Alfisols (red soils), which are light and drought-prone, with an available water
holding capacity (AWHC) of 60-100 mm, an(l Vertisols (black soils), with a high AWHC of 180-230 
nun. The a ailability of both soil types provides an opportunity to conduct experimental work on our 
five mandate crops under conditions representati\e of many SAl areas. 

Seasons. lhree distinct seasons charactcrize uLIch of India. In the Hyderabad area tile rainy season,
also known as the monsoon or kharif, usually begins in .11unc and extends into early October. More than 
80'i of the 782 mm average annual rainfall falls in those months, during which rainfed crops are grown.
The postrainy winter season (mid-October through .January), also known its the postmonsoon or rabi,
is dry and cocl and days are short. )uring this period crops can be grown on Vertisols on stored soil 
moisture. The hot, drv'. stiuer season lasts fromn February until rains begin again in Jtune. 

Crops. The five ICRISA' crops have different environmental requircmcnts that determine where 
and when they are grown. In the Hyvderahad area, pearl millet and groundnut are sown on Alfisols 
during .luin and .Jtil at the beginning of the rainv seasonm at ICR ISAT Center. additional generations 
are grown in the dry season under irrigation. Pigeonpea is generally sown at the beginning oftie rainy 
season aind continues to grow through the postrainy season, to provide additional gcnetic material for 
our breeding program, we sow an irrigated crop of short-duration pigeonpea in December. As in 
normal farming pratice, two sorghum crops a year can be grown at tile Center, one during tile rainy 
season and the other on Vertisols in tile postrainy season. Chickpea, a single-season crop, is grown
during the postrainy season on residual moisture on Vcrtisols. At ICRISAI. as in normal farming
practice, intercropping and relay cropping of our mandate crops is coinmuon. 

Weather. Annual rainfall ii 1986 at Patanchcru was 713 am, 69 ili below average. Rainfall received 
in ,lanuary and February was 97 min i as against tile average of 15 mim. The start oftlie rainy seasotn was 
quite favorable. Rainfall in .une and .ily was nearly normal, and in August 56% more rain fell than in 
an average year. However, only 58 mn rain fell in September and October, compared with the average
253 mn. This resulted in drought conditions during the grain-filling period in many rainy-season crops,
and restricted the sowing and establishmn::nt of postrainy-season crops. Maximum temperatures in 
September and October were 2-3'C higher than average. 
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The low and irregular rainfall in the 1986 rainy season did not favor development of groundnut rust(Puccinia arachidis) or late leaf spot (l'hacoisariopsks"personata)diseases, but levels were sufficiently
high to permit effective resistance screening of germph,sni accessions and breeding lines that receivedsupplementary irrigation on Alfisols. Rainfed groundnut trials failed because of the drought in
October. Contrary to all previous results intercropping pearl millet and groundnut (1:3) on the Alfisols
led to a 20% drop in crop yield, because of the unfavorable rainfall pattern. Pearl millet yields were average to slightly below average in dryland sowing (2.0-2.5 t ha-'). With supplemental irrigation
(during grain Filling) yields were considerably higher (3.0-3.5 t ha -I).

On the deep Vertisols postrainy-season crops, e.g., chickpea sown during the first week of October, didnot germinate until after the rain on 7 November; because of the unusually long dry period these cropsremained under stress and needed supplemental irrigations. Chickpea wilt (Fusariumoxysporum f. spciceri) symptoms appeared earlier than usual due to high temperatures early in the growing season. 
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Other Research Locations 

India 

In cooperation with five agricultural universities in India, ICRISAT has established stations and carries 
out research on their campuses to test the performance of breeding material under various climatic 
conditions and latitudes. 

Bhavanisagar (II N, 77' E, 574 mm rainfall). Here we screen sorghum for diseases and pests and test 
pearl millet, and groundnut on Alfisols (AW HC 80 mm), at a daylength analog similar to the Southern 
Sahelian bioclimatic zone of Africa. Annual rainfall was 504 mm, 12% below average, and 42% of it fell 
in May and October. The low rainfall necessitated supplemental irrigation of groudnut trials. Daily 
maximum temperatures were 2-5°C above average from April to October. Daily minimum tempera
tures were warmer than the average in all months, the difference ranging between I and 5°C. 
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Anantapur (77 151 N, 7301, 562 mm rainfall). This is a drought-prone area where we screen pearl
millet, sorghum, and groundnut under low rainfall conditions in the rainy seasons on Alfisols (AWHC
50 mm). Annual rainfall in 1986 xxas 436 mm, 22% below average. Rainfall was above average irnJune'by 88% and in September by 31%(,, while rainfall was below average in JTuly by 83%, in August by 57%
and in October by 38%. This late drought resulted in failure of rainfed groundnut trials in October, but
provided a very good rainfall pattern for screening pearl millet for response to midseason stress (June
sowing) and terminal stress (August sowing). Pearl millet trials sown in early August experienced some 
stress during grain-filling, but yields were genera!ly good (2.5 t ha- ).Late-sown trials (early September)
experienced severe stress during flowering and grain-filling and yields were only about I t ha-'. Several
varieties previously identified as tolerant of such conditions yielded relatively well (1.3-1.5 tha-1). Daily
maximum air temperatures were 2-3°C higher in April, May, and July. Daily minimum temperatures 
were near average in all months. 

Hisar (29' N, 750 1, 450 mm rainfall). Here chickpea and pearl millet are tested under the climatic
conditions in.which they are mostly grown, and short-duration, rainy-season pigeonpeas are tested in a
region where they are increasingly being grown in rotation with wheat. This location also provides our 
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main site for testing sorghum for stem borer (Chilo partellus) resistance. The soils are Entisols with 
150-200 mm AWHC. Annual rainfall in 1986 was 383 mam, 14% below the average; 33% of the rain fell in 
.June. Many pigeonpea yield trials were lost this year becaiiis: f,watI-ogging and soil salinity problems. 
Early season establishment and growth were good for pearl inillet because of adequate soil water after 
the rain in June. Crops come under more stress by the time they were flowering and yields in irrigated 
sowings weie seriously affected. The low rainfall necessitated supplemental irrigation of groundnut 
trials. Daily maximum and minimum temperatures were generally lower than average. 

45- Hisar, India 400 

-300 

30

/ E 

z // / 200 _/ '/ I 
E / * r 

.. / ,

I4f
 

15

///
 

0 1010 

I--I --
 -
0 F Ffl F 
. " A NI J J.1 A S 0 N D 

Month 

Dharwad (15' N, 75' E, 818 mm rainfall). An especially good Vertiso! (AW HC 150 mm) site for pest 
and disease screening, e.g., screening sorghum for downy mildew (PeronoscL,:rosporasorghl). This year 
chickpea trials were conducted for the first time at this location. TFhe annual rainfall in 1986 was 593 
mm, 28% below average. Rainfall from June to October was 423 mam, 32% below the average; this 
drought adversely affected rainfed groundnut trials. Daily maximum and minimum temperatures were 
within IFC of the average values except in April, October, and December when daily maximum 
temperatures were 20 C higher than the average. 
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Gwalior (261N, 780E, 899 mim rainfall). An area on Inceptisols (AWHC 150 mm), where most of
India's long-duration pigconpea that is extensively used as an intercrop in northern India is growvn, and 
we are working to develop lines resistant to diseases and insect pests. In 1986 podfly (Melanogroniyza
obtusa) built up large and damaging populations. Rainfall received during the rainy season (June to
October) in 1986 was 498 mim, 41% below the average. Daily maximum temperatures were 30 C below 
average in February and 4'C above average in September. Daily minimum temperatures were 3-4'C 
lowcr than the average in May, June, and July. 

ICRISAT Sahielian Center, Niger 

'The ICRISAT Sahelian Center (ISC) is our principal research base for pearl millet and groundnult and
the farming systems associated with these crops in the Southern Sahelian bioclimatic zone of West
Africa. The ISC is located at 13' N, 2'E near the village of Say, 45 km south of Niamney. The
experimental farm, extending over 500 hectares is covered by reddish colored, friable, sandy soils 
(AWHC 50-75 mm') with low native fertility and low organic matter. 



400 

Agroclimatic Environment xxvii 

45- Gwalior, India 

30

-300 

(U 

D. 

E 

15

,' / /',

220 
000 

.J I M A M .1 .1 A S 0 N D 
Month 

Seasons. The climate of the area is characterized by a June to September rainy season and a dry 
season throughout the rest ofthe year. The average annual rainfall (570 mm) at Niamey is irregular and 
normally comes in the form of convective storms. The rainy season is short (about 90 days) during 
which periodic droughts are not uncommon at the beginning and end of the season. During the dry 
season "harmattan" winds hearing dust from the north and east occur. The temperature is high 
throughout the year and averages 29°C. 

Crops. The main crop grown in the Niamey region is short-duration pearl millet (90 to 110 days) 
which is sown with the first rains towards the end of May and beginning of June. To advance 
generations and to help in seed multiplication, an irrigated off-season nursery is grown from January to 
April. Intercropping pearl millet with cowpea is common. Cowpea is normally sown between the pearl 
millet rows 2 to 3 weeks after the pearl millct emerges by which time the rains occur more frequently in 
this region. 
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Weather. Rainfall in 1986 was 657 mm, 87 mm above average for Niamey. Distribution of rainfall was
quite good except for a dry spell from the end of May until the middle of June, which necessitated
resowing several trials. Monthly rainfall was above average in May, July, September, and October; this 
meant that moisture was not a limiting factor for most of the season. Maximum air temperatures were
slightly below average while minimum temperatures were above normal from January to July. 

45] ICRISAT Salhelian Center, Niger 400 

-300 

303
 
3O- ~ 

/~ E 

/ / / ,,200 

0- ~ / Z 

J F M A 1\1 JI J A S 0 N D 
month 

Burkina Faso 

Karnboins6: (13'N, 2°W, 716 mm rainfall)---in the Sudanian bioclimatic zone. where ICRISAT's 
principal work is onl sorghumn- -With particular emphasis on Stt'igaz resistance, pearl millet, and 
socioeconomic Studies ill Villages. The length Of tile cropping season is about 120 days from June/July 
to October/ November. Sorghum, pearl millet, maize, groundinuts, and cowpea are the maLjor crops in 
the region. Soils vary from gravelly sandy loamls to silty loams depending onl their position in the 
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toposequence. The depth of the soil profile over laterite ranges from 0.3 m to 1.2 m on the lower slopes. 
The AWHC of the soils varies from 30 to 100 ram.The rainfall in 1986 was 819 mm, 14% above the 
average. Eighty-four percent of the annual rainfall was received in the rainy season of June to 
September. Daily maximum temperatures were 2-3'C lower in July, August, and September, and daily 
minimum temperatures were 1-2°C lower over the same period. 
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Farako-Bi in south-western Burkina Faso (I11N, 4'W, 1083 mm rainfall) is a relatively high-rainfall 
location where we test sorghum in the Northern Guinean bioclimatic zone, and our work on sorghum 
diseases in West Africa is carried out. 

The length of the cropping season is about 160 days from May/June to October/ November. August 
is usually the wettest month of the year (average 277 mm), but in 1986 the August rainfall was below 
average. This was followed by an unusually high rainfall in September. Maximum temperatures were 
slightly higher than usual but minimum temperatures were lower until September. 
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Mali 

Cinzana (130 N, 60 W, 700 mm rainfall)-in the Southern Sahelian bioclimatic zone, where we conduct 
research on sorghum, pearl millet, and agronomic practices associated with these crops. The length of 
the cropping season is about 120 days from June/July to September/October. Soils are tropical
ferruginous, some humus bearing hydromorphic loams, and sandy loams (AWHC 120-150 mm).
Rainfall in 1986 was 632 mm, 10% below the average. Early pearl millet cultivars under testing were able 
to escape the late-season drought. 

Sotuba near Bamako (130 N,8' W, 1075 mm rainfall)-where we are evaluating different crops and 
cropping systems to identify efficient land-use systems for the Sudanian bioclimatic zone. The length of
the cropping season is about 140 days from May/Junc io October/November. Soils are tropical
ferruginous, leached to hydromorphic types (loam and clay loam), with AWHC 150-200 mm. The total 
rainfall in 1986 was 918 mm, 121 mm fell in May against an average of 58 mm, but, in July there was 37% 
less than average, and the August total was 24% below average. Late-flowering sorghum cultivars
encountered drought during grain-filling but improved genotypes escaped because of their earliness. 
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Sudan 

El Obeid (13'N, 30'E, 418 mm rainfall), where our breeder works on pearl millet. In 1986 the rainfall 
over the pearl millet trials ranged from 300 to 360 mm and location yields were low, few pearl millet 
genotypes outyielded the local control, Ugandi. 

Kenya 

Nairobi-(l ° S,37° E, 1066 mm rainfall), the center of the Eastern Africa ICRISAT Regional Network 
that tests sorghum and r--arl millet in four major agroecological zones: high (>1800 m), intermediate, 
and low elevations, and very dry lowlands. Because of the large number of network locations it is not 
pertinent to give their agroclimatic details here. 
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Malawi 

Chitedze (141S, 340 E,957 mm rainfall) ---where our Regional Groundnut Improvement Program for
Southern Africa is based. Chitedze, located on the Lilongwe plain, has a tropical continental climate
with one rainy season from October/ November to March/April. Maize, tobacco, and groundnut are 
some of the important crops. Rainfall during the growing season (November 1985 to April 1986) was
1003 ini, 71A, above the long-term average (936 rum). Rainfall was above average in November (76%)
and March (86¢,). l)ist rihbution was good and there were nodry spells; while this was conducive to high
yields, it was also highly favorable for the development of early leaf spot disease( (erc-ospora arachidi
cola). Dily maximuin and minimin t impcrattres were near average except in November when 
maximum temperatures were 3'C below average. 
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Zimbabwe 

Matopos near Bulawayo (200 S, 290 E, 588 mm rainfall)-where our sorghum and millet improvement 
program for the nine African countries of the SADCC region is based at Matopos Research Siation. 
Sorghum, millets, and maize are important cereal crops in the region. The growing season is from 
October/November to March/April. Soils range from sandy soils with AWHC 60 mm, to deep clayey
soils, with AWHC 180 mm. Rainfall from September 1985 to August 1986 was 534 mm, 60% of which 
fell in December and April. Rainfall in January, February, and March was below average. Daily 
maximum temperature was 2-3°C higher than the averagL in February and March, while daily
minimum temperatures were 3-6°C lower than average in June, July, and August. In 1986 there was a 
severe epiphytotic of sorghum downy mildew (Peronosclerospora sorghi) at Matopos. During the dry 
season ratoon sorghum crops showed higher incidences of this disease than the rainfed crop. 
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Syria 

Tel Hadya near Aleppo (360 N, 371E, 340 mm rainfall)-where ICRISATstaff work with ICARDA on 
kabuli chickpeas for spring or winter sowing in the Mediterranean region, and South and Central 
America. The crop season is from November to June. Soils are deep red to heavy black (AWHC 80-120 
mm). Wheat, barley, chickpea, lentils, and faba beani ,re important crops in the region. The program's
main aim is to develop cold-tolerant chickpea varieties suitable for winter sowing, and to stabilize 
production by developing genotypes resistant to drought and ascochyta blight (Ascochyvta rabiet).
Rainfall in 1986 was near to average, but its distribution pattern was abnormal. The growing season was 
warmer than average and there were only 17 days below 0 ' compared with the average 30 days below 
0°C. Because of he warmer temperatures chickpea crops matured earlier than usual. The 1985/86 
season was not favorable for ascochyta blight testing, even susceptible lines were not killed as in average 
years. The blight epidemic started late, with temperat tre and relative humidity conditions in the first
week in April 1986 similar to those in the first week of February 1984. The ICRISAT/ICARDA 
program also uses .linderiss (360 N,36' F) in Syria and Terbol (340 N, 36011) in Lebanon as principal trial 
locations. 
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Pakistan 

° Islamabad-(34 N, 730 E, 1116 mm rainfall), where our breeder/ pathologist works in cooperation with 
the National Agricultural Research Center (NARC); the emphasis is on research to develop chickpeas 
resistant to ascochyta blight. Annual rainfall in 1986 was 931 am, 17% below the average. Rainfall 
from June to October was 486 trm, 35% below the seasonal average. Rainfall in July was 117 mm 
(average 250 rm)and in August 140 mm (average 309 mam). Dailv maximum temperatures were 2-3°C 
lower than average in May and June. l)aily minimum temperatures were 2-5°C lower than average in 

'
 April, May..June, and July: and 1-5C higher in October, November, and December. 
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Mexico 

°
El Batan--( 19' N, 99 W, 750 mm rainfall), where our staff based at CI M IYT, work on high altitude 
(1500-2300 n)cold-tolerant (6-20'C) sorghums and naterial adapted for low (0-800 m) and interme
diate (800-1800 m) ele ations in Latin America and the Caribbean. Because trials are grown over a wide 
area it is not pertinent here to give data for any single location. 
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GENETIC RESOURCES UNIT
 

That the genetic resources of the world are 
seriously threatened with extinction is of major 
concern. The replacement of diverse and primi-
tive landraces by uniform and higher-yielding 
cultivars, deforestation, the ever-increasing pop
ulation and its spread into rural and remote 
areas of the world all contribute to genetic ero-
sion. Once landraces and wild relatives of our 
crop plants are lost, they can never be recovered. 
The diversity in genetic resources is a basic 
necessity for 	crop improvement, and for the 
development 	of new cultivars. It is essential that 
this important natural resource be collected and 
conserved for present and future generations. 

Collection, maintenance, evaluation, catalog-
ing, conservation, and distribution of gerni-
plasm accessions are the responsibilities of'gent: 
banks throughout the world. The best possible 
methods of conservation must be used in order 
to preserve seed viability as long as possible so as 
to avoid frequent seed increases that lead to 
genetic drift. Con.;ervation is planned for many 
generations, and it is essential to maintain the 
genetic integrity of each accession. ICRISAT 
has this responsibility for its five mandate crops; 
sorghum, pearl millet, chickpea, pigeonpea, and 
grotnJnut, and for six minor millets. 

During 1986 we explored certain parts of the 
world including Central America; eastern, 
southern, and western Africa and South Asia 
looking for germplasm samples that had not 
previously been collected. These explorations 
resulted in additional, valuable germplasm acces
sions for our gene bank and also gave Ls an 
opportunity to observe at first hand the genetic 
divers ty, and the extent of genetic erosion in theareas we explored. 

areas~~~N wexlrdMadhyaThe Genetic Resources Unit (GRU) collects as 
much genetic diversity as possible, employs the 
best currently known techniques and researches 
new ones for pollination control and germplasm 
evaluation, computerizes tl'c information, pro-
vides optimum seed storage conditions to main-

tain viability 	as long as possible, monitors seed 
viability of stored accessions, and makes the 
ICRISAT collection freely available to plant 
scientists throughout the world. 

Present and Future Areas of C( ]lection 

We have identified the priority areas for collecting 
germplasm of our mandate crops based on their 
representation in our gene bank, the threat of 
genetic erosion, information on genetic diversity 
in the area, and discussions with the International 
Board for Plant Genetic Resources (IBPGR), 
and national scientists in source areas. Coun
tries arcas where gcrmplasm for each crop has 
yet to be collected are listed below iin order of 
priority: 

Sorghum 	 Yemen P1)R, Venezuela, Nepal, 
Chad, Ghana, Turkey, Uganda, 
Mozambique, Syria, Burma, Ivory 
Coast, Somalia, and India (Bihar 
bordering Uttar Pradesh, Sub-
Himalayan region. Western Ghats, 
Andhra Pradesh, and Maharashtra). 
Australia has high priority fc;r 
wild species. 

Parl millet Niger, Chad, Angola, Egypt, 
M uri t a , A ngola , Egypt, 
Fs uana, Paia, Turin 

Faso, Uganda, Ctuinea, Togo,Namibia, Zaire, Central African 

lic, Sdan , Kenya, Sma-
Lanka, Korea, Saudi Arabia, and 
Inda K a ,Nad, d Araba, andIndia (T'amil Nadu, f-Iaryana, and 

Pradesh). 

Chickpea Burma, Syria, Malawi, Turkey, 
Tanzania, Pakistan, Algeria, Mo
rocco, Tunisia, Ethiopia, Iran, Af
ghanistan, and India (RaJasthan, 
Gujarat, and Bihar). 
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Table 1. ICRISAT gene bank accessions in 1986 and to date, showing crop and number of countries 
represented. 

Sorghum I'carl millet Chickpea Pigeonpea Groundinut Total 
Accessions in 1986 
No. of countrics 
Total to date 
No. of countries 

I508 
II 

28072 
83 

527 
6 

18 148 
42 

512 
4 

1487 
41 

352 
18 

10818 
48 

53 
3 

11641 
89 

2952 
29 

83554 
126 

Table 2. Additions to ICRISAT germplasm collection in 1986. 

Origin Sorghum Pearl millet Chickpea IPigeonpea Groundnut 

A I--R ICA 
1Burkina IFaso 87 
Cape Verde Islands 

- 6 
L'thiopia I I
Kena 32 
I-Lesotho 249 -
Mlalasvi - 5
Niger - 15  -
Nigeria 66  - 2 
South Africai 27  - 2 
Sudal 36  - -
Swaziland 182 -  -
la na nia 5 12 -  -
Zimbabwe 640 261 - - 14 

ASIA 
Ba3ngladesh - 131 
India 83 118 3571 89 16
Ind oiesia - 2 -
Peoples Republic of China 37  . .
Philippines - - - 4 
Yemen AR 182 34 -

EUROPE 
Italy - - 9 3 -

AM :R ICA
 
Barbados 
 - - 23 
I)ominicanl Republic I  33 
(irenada - - 13 -
Jamaica - - I -
Pterto Rico - 32 -
St. Lucia - - - 4 -
St. Vincent  - - 19 -
Trii idad a id Tobago  - - 7I-
USA - - 15  23 

Total accessions 1508 527 512 352 53 
1. This includes one accession Irom I Iisar, 75 trom Iegume Pathology, and 6 Ironl Chickpea treeding developed through1i

research. 
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Pigeonpea 	 Caribbean Islands, South and 
Central America, Philippines, inable 3. Additions to minor millets collection 

Indonesia, Bangladesh, Burma, in 1986 and cumulative totals, 1976-1986. 

Uganda, Bhutan, Peoples Repub- Accessions Cumulative 
lic of China, India, Zaire, Angola, Species in 1986 total 
Zambia. Thailand, and West . . .... . .. . 

r3llt)	 99ingeA frica and A ustralia for w ild 

mnillet)
species. species.(fifger Setaria italica 68 1328 

Groundnut 	 Brazil, Bu rma, India, Indoniesia, (foxtail millet)
 
Venezuela, Peru, Ecuad or, Ma- I'alicum mili'ewom 3 757
 

lagasay Republic, Niger, Ghana, (proso roillet)

Wan.OuflatrenIJX 	 371o 	 75P litl uo le7Sudan, Thailand, parts ofNMo- (little ndlect)

zambique, Tanzania and Zambia, 'chinohloaspp 65 582 
Ethiopia, Chad, parts of Mali, (barnyard millet) 
Ivory Coast, Egypt, Bolivia, Mex- Payvn/heni ,orohiutlatilm 218 526 
ico, Paraguay, and Uruguay. (kodo millet) 

Total 	 466 5563 

Germplasm Assembly 

We still need to collect, especially the wild spe
cies and wild relatives of all our mandate crops.

Tlhe total numbers of accessions assembled to muslin cloth bags. Chickpea and groundnut aredate for each mandute crop are shown in Table I . inth bagsC ice a nonn
 
along with the number of countries represented self-pollinated crops, and hence pollination control is not necessary. H-owever, in groundnut
in our gene bank. Countrywise acquisitions are 
shown in Table 2. We have also assembled 5563 only those pods which are attached to the pegs 
accessions of minor millets from 38 countries are collected. The number of accessions of each 
(Table 3). crop rejuvenated in 1986 is shown in Table 4. 

The presented data include many accessions 
rejuverated to maintain stocks in order to meet 
the demand for seed of our accessions. 

Germplasm 	Maintenance 

The seed collections are stored in either alumi
num or polythene cans at +40 C and 20% relative 
humidity (RII), they are continuously moni
tored for viability, and rejuvenated whenever Table 4. Germplasm accessions grown for 
necessary. In order to avoid genetic drift when rejuvenation and multiplication during 1986. 
accessions are grown for maintenance and re- No. of accessions 
juvenation, all possible precautionary measures 
are taken. Sorghum, which may outcross, is Crop Cultivated Wild 
maintained by selfing at least 20 representative Sorghum 7220 245 
heads (Fig. 1). Pearl millet, which is cross- Pearl millet 2002 
pollinated, is maintained by enclosing several Chickpea 876 22 
heads in a large bag. Pigeonpea, which is often Pigeonpea 2259 45 
cross-pollinated mainly by insects, is maintained Groundnut 4262 80 
by enclosing the entire plant or branches in large Minor millets 466 
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Figure i. To meet increasing requests for seed, about 7000 sorghum accessions were multiplied using
the selfing technique. ICRISAT Center, postrainy season, 1986. 

Germnplasm Evaluation 

Evaluation is the key to germplasm utilization. 
(1GRU has its own evaluation program, and also 
collaborates with scientists of related disciplines
in ICRISAT and national programs. During
1986 we characterized 10045 accessions of all 
crops at ICRISAT Center, In addition a large
numberofsanples wereevaluated in cooperation 
with various national agencies (Table 5). A total 
of 2000 pearl millet accessions were sent to 
Southern African Development Coordination 
Conference (SADCC), Bulawayo for joint eval-
uation with the SADCC/ICRISAT program. 
Collaborative research in genetic resources be-
tween ICRISAT and N13PGR was initiated dur-
ing the year, and joint evaluations ofgermplasm 
of ICRISAT mandate crops was carried out at 
various locations in India. Under this program, 

12681 accessions of all crops have been either 
characterized or sown for characterization 
(Table 5). Although this is the first year for 
organizing the collaborative trials at several 
NBPGR locations, good results have been 
obtained. The enthusiasm and cooperation that 
we received from NBPGR of the Indian Council 
of Agricultural Research (ICAR), India, is not 
only most encouraging but also exemplifies our 
continuing effort in germplasn evaluation and 
use in the semi-arid tropics (Fig. 2). This success 
was the result of earlier discussions that lead to 
joint efforts. In collaboration with the All India 
Coordinated Millets Improvement Project 
(AICMIP), a set of 2000 pearl millet germplasm 
accessions were evaluated at Pune, India. 

We are also collaborating with the National 
Dryland Farming Research Station (NDFRS),
Kenya to evaluate 500 pigeonpea accessions at 
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'Fable 5. Collaborators, locations, number of accessions, and type of material evaluated underjoint 
evaluation programs, 1986. 

No. of
 
Crop Collaborator Location accesims lype of material
 

Sorghum NIG R. India Ilisar 200(0 Photoperiod sensitive 
N13 PG R, India Irichur 2000 Photoperiod sensitive 
N I1llG R, India Issapur 1500 Vorage sorghiums 
N1I'. R. India I lisar 1500 Foragc sorghum;S 
NIII'C(R, India .ihansi 1500 Forage sorghurs 
NfIPGR, India Akola 1500 Forage sorghums 

Pearl millet 	 NlG(, IndiaIR. .iodhpt1r 2000 Selected germplasin 
SAC)CC ICR ISAT, ulawavyo 2000 accessions from n AI)CC 
Zimbabwe countries, South Africa 

and worki ng collection 

Chickpea 	 NIIPGI,, India New l)elhi 1320 Long-duration accessions
 
NhP(i R, India Jod hpur 1320 Long-duration accessions
 
NIJ'GR. India Gwalior 1320 long-duration accessions
 
PGRC F, and l)ebre Zeit 1033 Selected accessions 
ARC. E-thiopia' 

Pigeonpea 	 N IP(i R India Issapur 479 Short-durrtion accessions
 
NIF(il,1, India 
 Akola 353 Medium long-duration accessions 
NIII'(;1,, India (Gwalior 353 Medium long-duration accessioIs 
NBlP(iR. india (iwalior 40 Fast African origin 
NI)RS, Kcnva-' Machakos 500 long-duration accessions 

Kihoko 500 L.ong-dur;tiito accessions 

Grourndnti 	 NIP(;I .India 2000.hodhpLr 	 Selected accessions 

I. I'( RU I Rilant Geneic Rcsouices (enter Ethiopia, A. ' Agrictrltural Research ('enter, l)cbiC Zit. 
2. NDI -RS National t I nd -r.arming Research Station. 

Machakos and Kiboko. Similarly, in collabora- In addition to evaluation, about 38000 sam
tion with the Plant Genetic Resources Center pies were screened by various ICRISAT crop

(PGRC/E) and the Agricultural Research Cen- scientists, and the results are reported elsewhere
 
ter (ARC), Alemava Uniersity of Agriculture, in this Report.
 
Fthiopia, 1033 chickpea a"cessons were sown
 
for evaluation at J)ebre Zeit Research Station.
 
These joint germplasm evaluation projects are a
 
part of our overall program for germplasm Gerniplasm Distribution
 
enhancement and utilization in different parts of
 
the world. The program was enthusiastically Providing ICRISAT scientists with the germ
accepted by all our collaborators as it has plasm base for their work is 
one of our major
enabled them to freely tap the gertuplasm as- activities. Accessions are screened for desirable 
sembled and conserved at ICRISAT Center. traits, and used in breeding programs. Table o 
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Figure 2. I(RISAT and Ni P ( iH scientists jointly evaluating sorghum gernplas n at the NiB PG R 
Regional Research Station, Akola. India, raini season, 1986. 

gives thcdistribtitioinofcach crop's ccesslons to scientists at ICRISAT Center, 24298 samples 
varhios disciplines withi n ICRISAl during 1986. were sent to scientists in India, and 16497 sam-

In addition to the 38064 samples supplied to pies to scientists in other countries (Table 7). 

Table 6. Seed samples supplied to ICRISAT Crop Programs in 1986. 

(c reals I.cg llics 
)iscipline St)rghtni Pcarl millet (hickpa Iigcopca (iroundntjt Total 

Ph siolog 470 56 21 2672 664 

Patllhology 2 904 27 1807 I 772 4 109 10619 
Iii otllolog. 2 780 2 514 679 89 4064 

XI icrohiolog. 33 27 - 33 93 
lhecd ing 
Hiochcniistrv 
Cyt ogenctics 

4217 
12 250 

-

779 
-

191 
58 

-

824 
865 
-

369 
987 

13 

6381) 
14 160 

13 
Plant Quarantinc 12 1I - 23 
Iraining 40 8 - - -48 

Total 23694 1349 2603 4818 5600 38064 
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Table 7. Germplasm samples distributed in 1986. 

ICRISAT Within Other Total samples 
Center India countries distributed No. of 

Crop (I) (2) (3) (1+2+3) countries 

Sorghum 23694 13309 10384 47387 40 
Pearl millet 1349 5080 2644 9073 18 
Chickpea 2603 1400 I 704 5707 10 
Pigeonpea 4818 1888 1160 7866 24 
Groundnut 5600 2621 605 8826 19 

Total 1986 38064 24298 16497 78859 
Cumulative total to date 389978 137508 174829 702315 

In the rainy and postrainy seasons 1346 newly 
Sorghum assembled accessions were characterized and 

evaluated at ICRISAT Center using IIBPGR/ 
This year 1508 new accessions were rejuvenated ICRISAT sorghum descriptors. We rejuvenated 
and added to our gene bank raising the total to and multiplied 7220 cultivated accessions and 
28 072. The new accessions, assembled by collec- 245 accessions of wild species during 1986 (Table 
tion and correspondence, came from II cour- 4).
 
tries (Table 2). Computerization of evaluation data has been
 

In November 1986, a collection expedition completed from IS I to IS 25240. The evaluation 
was organized in collaboration with NBIPGR to data are being analyzed to select specific charac
the tribal areas of the Indian States of Orissa, ter combinations, class count, and state count 
Bihar, and Madbhva Pradesh. In these areas, that will be used to prepare agermplasm catalog. 
primitive sorghums are cultivated by tribal peo- We supplied 687 accessions to the SADCC/ 
pie. These sorghums belong to the taxonomic IC'RISAT Sorghum and Millet Improvement 
race Guinea and subrace Roxburghii, and are Project, and 591 accessions to ICRISAT scien
being replaced by improved cultivars. We col- tists working in Burkina Faso. We also supplied 
lected 177 accessions that show wide variation in 9106 accessions (Table 7) to national programs 
panicle shape, seed color, seed size, and seed including Brazil (1864), China (532), Colombia 
glume covering. (711), Korea (735), Mexico (397), USA (473), 

We grew 2105 accessions from Algeria (23), and tl Yemen Arab Republic (1031) for use in 
Australia (13), Burundi (45), Cameroon (306), their research programs. 
China (164), Korea (75), Rumania (10), Rwanda 
(80), Taiwan (1), Uganda (641), USSR (139), 
Venezuela (7), Yemen Arab Republic (574), and 
Zaire (27) in the postentry quarantine isolation Pearl millet 
area (PEQIA) for inspection and release. 

In our collaborative evaluations with NBPGR A total of 527 accessions from six countries 
(Table 5), sorghum accessions from India and (Table 1)was added to the collection during the 
the Yemen Arab Republic performed well at all year raising the total accessions in the ICRISAT 
the Indian locations, but the collections from gene bank to 18 148. A total of 740 cultivated and 
Nigeria and Ethiopia performed poorly. We 131 wild relatives of pearl millet samples col
identified 165 genotypes, mostly dual-purpose lected from Cameroon, 20 samples from Uganda, 
food and forage types, that are consistently 9 from USSR, and I sample from Venezuela 
superior at all these locations, were sown in the IPEQIA. 



10 Genetic Resources Unit 

We participated in two germplasm collection 
missions in India with NB PGR. The first, to 
western Rajasthan in Octobe 1986, collected 
III samples of pearl millet landraces. Near 
Bikaner we found and collected three distinct 
types of C'enchrusspeciesgrowing together. This 
species is tlie closest wild rclat ivc of I'cnniSctlm. 
One collected type has leat her gIiiles and spiny 
bristles, another has lon1g, piln iose bristles, and 
the third verv short bristles (Fig. 3). l)uring thi 
second niission inNovemher we collected 4 
sailiples of' peairl 1iiillet, and 28 wild relatives.O 
Icni'setun Iroln tile tribal areas of ()rissa. 
Bihar, and Madliva Iradcsh. 
We e\aluatcd 412 new ccessions for 20 de-

scriptors dlring the rainy season. InadditiOn, al 
the accessiOns IssUnclbled from Nigeria (971 )and 
Burkina Faso (385) \%crc sown inthe rainv sea
son for evaltiation and classificat ion. Based on 
the nnber cI days to 50 Ilowiring, spike si/c, 
tillering. arnd pigrmienthr ion, all tie accessions 
fron Nigeria 've-e claSsified as 'gero', 'liai\va', 
and *dauio'land race,,. 'Ihc short-duratior acces
sions flrori Burkina Fast produced short coniecal 
spikes with lange grail. [he uloig-d ura, ion types
suffered froill sev ere droulnt, this resulted iiia 
rcduictionI in spike length arnd a lack of ipper
spikelets. There was considerable variation in 
tile flowering Of lie phiot opcriod-serisi tiVe types; 
Some accessions from Carmeroon, Mali, and 
Sudan flowered between 105 alid 115 DAS, 
while 'sarnio' from Senegal arid Mali, 'rnaiwa' 
and 'daUl' frorii Nigeri-, arnd the rmajority oftlie 
accessions from Tanzania flowered between I 65 
and 130 days. Most of the accessions from Sierra 
Leone arn( the Central African Republic did not 
flower even aft.r 136 days. revealing that they 
require photoperihds shorter than I Ih.We also 
rejuvenated approximately 2000 accessions 
(Table 4). 

Thejointevatiationat N,PGR Regional Sta-
tion, Jodhpur (Table 5) provided a unique 
opportunity to screen for drought resistance as 
less than 200 mm of raini fell at that location 
during the growing season. From this evaluation 
'Yg. 4) the millet breeder in .lodhpur selected 86 
accessions arid the ICRISAT millet breeder 
selected 18 accessions for possible future use in 
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lFigure 3. Centchrus spikes showing left to right, 
leathery glumes and spiny bristles, long, plu
mose bristles, and very short bristles. This genus 
is alclose wild relative of pearl millet. 

breeding drought-tolerant populations. Because 
of tile drought plant height was drastically 
reduced except in local types. Accessions that 
flowered and produced heads were the short
duration accessions frorn Botswana, Ghana, 
Togo, arid Uganda, and some Indian material. 
However, most of' tie long-duration and/or 
photoperiod-serisitive material wilted and died. 

About 2000 accessions from six SADCC 
countries (995), South Africa (115), and a set of 
working collection (890) with diverse origin and 
morphological variation were sent to SADCC/ 
ICRISAT Sorghum and Millet Improvement 
Program, Zimbabwe forjoint evaluation (Table 5 ). 
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Figure 4. ICRISAT and NBPGR scientists evaluating a pearl millet joint evaluation trial. The 
droughted location provided an excellent opportunity to select promising drought-tolerant lines. 
NBPGR Regional Station, Jodhpur, rainy season, 1986. 

Passport and evaluation data for accessions We added 512 accessions from fourcountries, 
IP00001 to IP 12431 are entered in the computer bringing our total gene bank holding to 14 875 
and are retrievable. We have compiled the first (Table 1). Also included in the collection were 75 
draft of an ICRISAT pearl millet germplasm lir~e with resistance to fusarium wilt (Fusarium
catalog that includes passport and evaluation oxysporun f.sp cicer) the results of selection by 
data. ICRISAT pulse pathologists. 

Whilst evaluating 356 Ethiopian accessions at 
Chickpea ICRISAT Center during 1985/86, we identified 

25 accessions that outyielded the control cul-
In March we participated in a joint germplasm tivar, Annigeri. Five of these, ICC 12518, 12567, 
collection expedition with Jawaharlal Nehru 12579, 12609, and 12694 were significantly 
Krishi Vishwa Vidyalaya (JNKVV) and NBPGR superior. We identified two more new lines from 
to Madhya Pradesh, the largest chickpea- mutant progenies, one has agreen-tipped flower 
producing state in India. In this region chick- vexillum in contrast to the usual overall pink 
peas exhibit wide variability'itig. 5). We col- color, a character that can be used as a marker 
lected 274 samples consisting-of'gulabi', 'kabuli gene. The other line has relatively thick and 
large', double-podded (Fig. 6), and tuberculated upright branches and might prove to be respon
seed types. sive to higher inputs. 

i
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Figaure S. Chickpea, samples sholsing a wide F'igure 6. A double-podded chickpea collected 
variability in seed types among accessions col- during a joint ICRISA'f/,NKVV /NBPGR col
lected in Nladh.ya P'radesh. India, 1986. feeling expedition to M\adhya Pradesh, I~ndia, 

1986. 

In the 1986,/87 season, durin~g Jur joint eval
uations in Ethiopia (Tlable 5) we identified a fewm Long-duration chickpeas and 22 accessions of' 
accessions that performied well, these will he v-lild ('cerspecies were grown in a small plot of
further tested in Fthiopia, where the chickpea ]and that had been solarized. The plants appeared
growing season lasts fromn September to Decern- to be free from fusarium wilt showing the effi
ber, enabling LIS to evaIluate in nmid-Decernber, cieicy of this treatment in reducing the soilborne 
Our Indian evaIluationls Could not be Made until inolOUn1 1 Of the wilt pathogen.

1987 because of the difference in growing sea- Aniong the 2603 samples 
 We Supplied to 
sons. In collaboration with N!.PIGR, Iong-dura- ICPISAT pathologists, entomologists, and bio
tion accessions have been sown forevaluation at chemiists to be screened against diseases and 
New Delhi, Jodhipur, and Gwalior in an attempt insects, and for seed quality characters, were 22 
to find genotypes that are adapted to performi accessions of wild Citerspecies (Table 6).
better at specific locations (Table 5). In addition We have transfeirred seeds of all our accessions 
to 1150 accessions grown for characterization, in aluminum cans to our new nmediurn-term cold 
we sowed 876 accessions for rejuvenation at storage facility.
ICRISAT Center (Table 4), and a set of 140 We analyzed and summarized the germplasm
accessions from Bangladesh for evaluation. evaluation data, and these, together with pass

http:Nladh.ya


Genetic Resources Unit 13 

port data on all accessions, have been compiled 
for publication in the ICRISAT Chickpea Germ-
plasm Catalog. 

Pigeonpea 

We registered 352 new pigeonpea accessions in 
the gene bank (Table 1). These included rnateriai 
collected from the Caribbean region during 
1985, and from India during 1986. The total pi-
geonpea collection has now been raised to 10818 
accessions (Table I). 

A collection expedition in February-March 
resulted insecuring 112 representative landraces 
from Jamaica, Guyana, and Venezuela. Of these, 

94 have already been cleared by NBPGR and are 
growing in the PEQIA for further inspection and 
seed increase (Fig. 7). They will be evaluated in 
the 1987 rainy season. Most of the collections are 
rJiuni-long to long-duration types with irn
pressive vegetable-type characteristics (Fig. 8). 
Their 100-seed mass varied from 7 to 26 g with a 
mean of 15 g. 

Among the accessions we characterized and 
rejuvenated were 920accessions originating from 
II countries. This included collections from 
India (691), Trinidad and Tobago (70), the 
Dominican Republic (52), lPuerto Rico (33), 
Barbados (23), St. Vincent (21), St. Lucia (17), 
and Grenada (13). We evaluated 574 accessions 
from the world collection, that could not be 

Figure 7. Our new collection of perennial pigeonpeas from the Caribbean region is a valuable source 
of high biomass, and has considerable potential for use as fuel wood as well as food. 
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We began joint evaluation programs with 
NIBIPG R at Issapur, Akola, and Dholi (Table 5). 
Collaborating with ICR ISAT pigeonpea breed
ers and NBI'GR 353 medium long-duration 
(131-160 days to 50(,'iflowering) accessions and 
40 accessions originating from countries in east-
Scrn Africa wcrc sM n at Gwalior. We are collab+"." '--
 orating with the NI)IFRS, Kenya and have sown 

set of 500 long-duration ( 10 days to 5(0% 
flowering) accessions at Machakos and Kiboko
(lablc 5). We hope that this joint project willhelp to identify genotyvpes Suitable fo".rcrop 

Figure 8. A vegetable-type pigeonpea collected imrprovement ptogranis in Kenya.in Jamaica. These genotypes resemble garden We finished encteirig passptt data for tile 
peas and are highly %alued in the Caribbean ind newly registered accessions, an tlie evaluationCentral American regi(ns, data for the 1984 85 rainy' season at I('RISAT 

('lter inthe c)mputC, and Irenow entering the 
1985 86 data. lhe evalitation data froni Itisar 
on the extra-carly and early pigeoripea acces.saluatcd in earlier seasons. We also evaluated a sions for the year 1983 84 (203 accessions) and 

set of 30 iiedium-dIrratioti latidraces. with :uch 1984 85 (140 accessions) are also available on
 
yield attributes as high ntmbers of branches and 
 computer. Our germplasi catalog has been
 
racemes, for yield potential anrd \arious agro- cmpled and isinpress.

nomic traits. ,Usinetahar, which has siruilar
 
plant type and maturity characteri.,:ics, as a con
trol we evaluated 16 medium-long duration Groundnut
 
accessions '.'it his iperioir agrotioic traits ICRI-

SAI pi'ncMpca breeders base ircltded 9 acces-
 During the year we added 53 accessions from 
'ions from this set in it trial at (iwalior. three countries (Table 2) to an existing collection

A working collection (735 accessions) with of 11588, thus raising the total to 11641 (Table
depleted seed stocks, or with seeds of low viabil- I). The 14 accessions from Zimbabwe mentioned 
itv (604 accessions) was rejuvenated (Table 4). inTable 2 are collections made by GRU scien-
This working collection includes all the acces- tistsduring 1985. In addition, accessions obtained 
sions that are in high demand, a'nd those widely from South Korea (77), Cameroon (10), and
used in breeding progranis. We rejuvenated 45 Mali (28) (collected in 1986) are inthe PEQIA.
wild species accessions in the botanic garden. In October we participated in a joint germ-
From 900 accessions that w\'ere screened dur- plasm collection mission with I'lnstut d'6cono

ing 1985 86,we found 116 to be less sensitive to rmie rurale (I Lm), Mali (Fig. 9) to groundnut
photoperiod. These are bei.,g further tested and producing areas inKoulikoro, Kayes (Kita area),
purified uinder lights that extend daylength ta 16 Segou, Mopti, and Sikasso regions. A total of
h. 146 samples was collected, and their variability

The wild gene pool of pigeonpea now consists appears to be very significant. The samples
of 240 accessions representing 46 species belong- include erect, spreading bunch, and runner types
ing to six genera. We grew 31 new wild species belonging to var hypogaea and var vuh,'aris . A
samples from Indoncsia inthe PEQIA screen- few samples appear to belong to var fastigiata
house, they include Atylosia scarabieoides (L.) but this is yet to be confirmed. We obtained 
Benth.( 17), Rhynchosja spp (8), and Flemingia 2-apd 2-3-4-seeded types with small, medium, 
spp (6). and bold pods. Most of the collected samples 



Genetic Resources Unit 15 

.A_ 

owi 
7i 

Figure 9. Collecting groundnut gcrmplasm fromn a farmer's field in Mlali. Left, a former ICRISATr 
trainee presently working with I'Institl d'~conomrie rurale; center, agroundnut farmer who cult ivatcs a 
wide range of groundnlut and, other crop species. 

have either tan or red seed, but we also collected (PM V), before sowing, using the enzyme-linked 
a few samples with pale tan, dark tan, rose, and inimunosorbent assay technique (ELISA). Only
variegated (red and white) seeds. During this virus-free seeds were sown, the virologists, also 
collection we made observations oii'pests and checked the plants in the Field and helped us 
diseases of groundnut crops in farmers' fields, identify and destroy plants with PMV symp
and noted the symptoms of a previously unre- toms. We are only distributing seed from virus
ported disease (Fig. 10). frce plants and this has given us more confidence 

Incollaboration with NBPG R during October inthe purity and safety of thle lCRlSATgroundnut 
we explored western Rajasthan and the tribal germplasm that we distribute to users. We also 
areas of Orissa, Bihar, and Madhya Pradesh in rejuvenated 575 accessions in the greenhouse.
India and collected 55 samples. We sowed a trial of 96 bold-seeded accessions 

We sowed 1833 accessions during the rainy in collaboration with the groundnut breeders. 
season and 1783 accessions during the postrainy The results of this trial will help us supply the 
season for rejuvenation (Table 4)and character- Legumes Program with good bold-seeded acces
ization as perthlelBPGR/ ICRISAT groundnut sions to be included in their confectionary
descriptors. In collaboration with our, legume groundnut breeding program.
virologists seed of all these accessions were During the year we undertook a large-scale
tested for the presence of peanut mottle virus seed increase of wild Arachisspecies, InDecember 
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Figure 10. (;roundnit plant with symptoms of 
'stubby peg', an unidentified disease observed 
in NJ'.,an farmers' fields during a gernplasni 
collection expedition, 1986. 

1985 ard January 1986 we pregerminated and 
sowed seeds of 80 wild species accessions in the 
field, spaced as far apart as possible. The numbers 
of seeds harvested for each accession ranged 
from a few hundred to a few thousand. From 
those accessions that produced limited number 
of seeds we took cuttings and planted these in the 
greenhouse to further increase our stocks. 

In collaboration with the L.cgumes Program 
we screened 4200 accessions for insect and dis-
ease resistance, and determined 100-seed mass 
and shelling percentage for 2200 accessions, 

We tested the viability of 439 accessions, and 
as a result 71 accessions with reduced viability 
have been rejuvenated and their stocks replen-

ished (Table 4). We examinzd fresh seed dor
mancv in 393 accessions that vlere harvested dur
ing March-April and found 18 a.:cessions belonging 
to ssp fastigiatawith a dormancy period exceed
ing 30 days. l)uring harvesting the rainy season 
crop, we tested 800 accessions belonging to ssp 
1l,sti'ata and found 21 with fresh-seed dor
mancy of' more than 30 davs. These could be 
used in breeding short-duration groundnut cul
tivars with fresh-seed dormancy. 

%Ve coilpleted computerization of passport 
data oin 31 descriptors for 11300 accessions. 
)ata on 10000 accessions for 21 evaluation de

scriptors are now in the computer, and the data 
on the remaining 1641 accessions are being
tabulted. 

M0inor nitillets 

We sowed 466 new accessions of six crop species 
received front the NHI'(GR Regional Research
Station, Akola for rejuvenation (lable 4) dfurinig 

the year raising ot1r total gene bank holdings to 
5563 (Table 3). 

)uring 1986 we acquifiicd 1060 nev accessionsfrorn r (I I ), Uganda (596), Korea (126),13und 
USSR (143), and Zimbabwe ( 8-1) through NB-
P(iR. These will be sown In tilhe l'I7QIA for 
inspection and release. 

We supplied 2138 accessions to NBPlR for 
evaluation at Akola, India (Fig. I1). We also 
supplied 398 accessions to the SAI)CC/ICR I-
SAT Sorghun an( Millet Improvement Pro
grain, Zimbabwe for evaluation and use in the 
SADCC region. 

Looking Ahead 

We will continue to collect from priority areas 
germplasm of all our five mandate crops. More 
national programs are seeking ICRISAT help 
with germplasm collection in their countries, 
and we shall assist wherever we can. Our collab
orative collection work with NBPGR in India 
will continue. 
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Figur~e 11. ICRiSAT and NBPGR scientists working on minor millets germplasm at NBPGR
 
Regional Research Station, Akola, lndia.LICRISAT supplied 2138 accessions to this station in 1986.
 

Thejoint germplasm evaluations in collabora-
tion with NBPGR will continue. This will provide
information on the expression and performance 
of'our germplasm in dliffeient regions 'of India 
and will enhance the use of the available diversity. 
Similarly, the regional germplasm evaluations in 
eastern,-southern, and West Africa, and at the 
ICRiSAT SahelianLCenter will be pursued with 
more: concerted 'efforts. WeL will also continue 

:iour collaborative pulse germplasm evaluations 
with PGRC/E, Ethiopia, and NDFRS, Kenya.Introgression work insorghum and chickpea
 

will continue inecooperation with legume cyto
geneticists to tranrsfer genes from wild to culti-
vated speeiesi using modern techniques such as
 
embryo rescue, and tissue culture to accomplish 
wiguro sses. ajOurlong-term cold storewall soon be open for 
all the five crops, thus improving our conserva-

tion facilitie's .Monitoring stored material will be 
streamlined to identify accessions losing viability
and ensure timrely rejuvenation. 

The chickpea and pigeonpea germpiasm 
catalogs will soon go to press. We hope to com
plete compilation of sorghum, pearl millet, and 
groundnut germplasn *catalogsthus completing 
a new series of IC2RISAT publications. 

n .. .
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SORGHUM
 

The main objective of sorghum improvement breeding material in both zones, and elite mate
continues to be the production of high-yielding, rials are systematically tested across a range of 
stable varieties and hybrids with acceptable food ecological conditions. Grain processing and food 
quality. To meet this objective, we concentrate quality are also important considerations in 
on the development or improvement of screen- these testing programs.
 
ing techniques for physical (abiotic) and biologi
cal (biotic) yield-limiting factors; screening germ
plasm accessions and breeding material for
 
sources of resistance, and other desirable plant
 
and grain quality traits; and on using these
 
selected genetic resources in the breeding pro
gram. Our global activitie, are based at ICRI-

SAT Center in India and at regional networks
 
for West, eastern, and sout her Africa, and for
 
Mexico and Central America. r .
 

Major research activities in India are concen
trated at ICR ISAT Center but we use other loca-
 .
 
tions where high stress factors regularly occur, to T., 41 
adequately screen germ plasin accessions and 
breeding material for resistance to various stres- : 
ses. Locations for stem borer and leaf diseases ;- '"
 
are Hisar and Pantnagar, in northern India. ___.' 

Anantapur in southern India is used fordrought, . , - U 

Bijapurand Akola for Striga asiatica, l)harwad " f 
for sorghum downy mildew and midge, and at 
Bhavanisagar (near Coirm batore) we evaluate 
material for adaptation to latitudes near the 
equator, and for resistance to grain molds 
(Fig. I). 

In West Africa the program concentrates on 
the development of genotypes for two distinct 
ecological zones, the Sudanian with interme
diate rainfall (600-900 am) based at Ouagadou- ) ! 
gotu, tBurkina Faso, and the Northern Guinean 
with high rainfall (900-1200 min)based at Ba
mako, Mali. Frequent drought, poor seedling 
establishment, and the parasitic weed. Striga 
hermonthica, are the major yield-limiting fac- Figure 1. ICSV 202 an ICRISAT-bred sor
tors in the intermediate rainfall zone. Leaf dis- ghum variety at present in All India Coordinated 
eases, grain molds, and panicle pests pose serious Sorghum Improvement Program (AICSIP)
problems in the high rainfall zone. Soils with low advanced yield trials growing at Bhavanisagar, 
fertility and poor water-holding capacity are Tamil Nadu where ICRISAT evaluates material 
common to both zones. Accordingly, our breed- for adaptation to latitudes near the equator and 
ing program evaluates germplasm lines and for resistance to grain molds. 
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The Eastern Africa Regional Network oper-
ates from Nairobi, Kenya and concentrates on 
the development of cold-tolerant varieties and 
hybrids for high altitude (> 1800 m) areas, and 
varieties and hybrids for lower altitudes. At a 
meeting in Nairobi in June 1986 under the aegis
of the Cooperation for Development in Africa 
(CDA), the Directors of Agricultural Research 
of five eastern African countries (Burundi, Kenya, 
Rwanda, Somalia, and Uganda) identified sor-
ghum and millets as priority commodities for 
regional research, and agreed that ICRISAT be 
responsible for developing and implementing a 
CDA-supported project on these crops. 

The regional program for southern Africa, 
Southern African Development Coordination 
Conference (SADCC/ICRISAT Sorghum and 
Millet Improvement Program) is based in Bula-
wayo, Zimbabwe. It has three fundamental 
objectives: 1.To strengthen the research capabil-
ities of the national programs by providing 
genetic material to breeding programs, develop-
ing research techniques, and assisting in formu-
lation of research programs. This objective en-
couragesthedevelopmentofregionalcooperation 
among scientists of participating countries; 2. to 
provide and facilitate training at ICRISAT Cen-
ter in India, in the SADCC region, and at over-
seas universities; and 3. to assist in upgrading 
facilities for field research, advancing genera-
tions, and crossing in off-season nurseries, 

The Mexico and Central American regional 
team, based at the headquarters of the Centro In-
ternacionalde Mejoramientode MaizyTrigo(CIM-
MYT) in Mexico, works in close cooperation 
with the national programs iii .he region. Its 
objectives are to breed cold-tolerant (6-25°C)sor-
ghum varieties and hybrids adapted to high alti-
tudes (1500-2500 m),and to improve the local 
cultivars adapted to low and intermediate eleva-
tions in the region. Improved genotypes are ex-
pected to have high and stable yields, resistance 
to pests and diseases, and good grain quality. 

This report integrates the work conducted by 
ICRISAT Center and the regional programs, 
networks, and teams, and gives research results 
from 1986 as well as those from previous years 
not included in earlier Annual Reports. 

Physical Stresses 

Drought
 

Seedling Drought Stress 

Poor seedling emergence can result from a lack 
of soil moisture at the time of sowing. In farmers' 
fields the seedbed moisture varies from 2.7 to 
18.6% at sowing (ICRISAT Annual Report 
1981, p. 60). This wide range of moisture content 
influenced germination and emergence, and re
suited in sparse and variable plant stands. Pot
experiments in the greenhouse have shown that 
there is genotypic variation in emergence when 
soil moisture is limited. We have now developed 
a field technique to ,screen for emergence in 
Alfisols with limited soil moisture during the hot 
dry summer season. We applied differential irri
gation using a line-source sprinkler system to an 
absolutely dry Alfisol. This provided a series of 
environments that differed in soil moisture con
tent and temperature. Because in naturally occur
ring drought environments changes occur in both 
these factors and complex interactions exist 
between them, we did not attempt to separate 
them in this experiment. 

We disced and rotavated the soil and prepared 
broadbeds(1.2mwide)eachonerepresentingan 
environment. These were divided into plots 2 m 
long, with a 0.5 m path between plots. Using a 
John Deere 7100 planter, we sowed sorghum 
seeds 50 mm deep and pearl millet seeds 30 mm 
deep (ICRISAT Annual Report 1983, pp 69-71). 

Aftersowing, the beds were carefully smoothed 
before using the line-source technique to apply a 
linear gradient of water from about 5 mm to 30 
mm (Fig. 2) across seven broadbeds. Each test 
entry was sown in every bed along the gradient in 
the range of 10 to 30 mm applied water. Test 
entries were replicated once on both sides of the 
line source. 

We measured soil moisture (gravimetric per
centage) and soil temperature at depths of 20 
mm and 50 mm. Figure 3shows the soil moisture 
status of the wet and dry ends of the gradient 
from sowing to emergence. Soil temperature in 
the seed zone (50 mm deep) varied with soil 
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12 - tent (Fig. 2). Though the relationship issigmoid, 
the method provided a useful range of soil mois
ture in which to test genotypic emergence ability. 
The curvilinearity of the relationship was ex

11 pected as the moisture content did not increase 
beyond field capacity (11.5%), and led us to res-

A trict the range of test environments from 25 mm 
to 10 mm applied water. Even though the soil 

10 - environment changes with such other factors as 
air temperature and cloud cover, the technique

In was capable of providing different levels of soil 
moisture and soil temperatures, as shown in 

0 Table 1. 
E 9- Seedling emergence measured on the 5th day
E after sowing (5 DAS) at different ends of the 
0gradient differed significantly (P < 0.001); and 

8 there were highly significant (P < 0.001) geno
typic differences in both pearl millet and sor

12
7 

10

6 
8

0 
5 
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Irrigation water applied (mm) 

-0.093x 	 4
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Figure 2. Relationship between gravimetric Q Wet end of line-source 
moisture content (%) in the top 100 mm of soil 2- irrigation gradient 
and amount of irrigation water applied (mm) in . Dry end of line-source 
a seedling drought-stress trial, ICRISAT Cen- irrigation gradient 
ter, dry season 1984. 0- I I 

0 I 2 3 4 
moisture, with the lowest temperature at the wet 
end of the gradient and the highest at the dry end Days after sowing (DAS) 
of the gradient (Table I). We standardized the Figure 3. Change in gravimetric moisture con
different trials in a season by the amount of tent (%)in seed-zone soil (25-50 cn, deep) in wet 
water applied to the dry soil. There was a high and dry ends of a line-source irrigation gradient 
correlation (r = 0.96, P < 0.001) between the from sowing to seedling emergence (DAS), 
applied water and the actual soil moisture con- ICRISAT Center, dry season 1984. 
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Table 1. Seed-zone soil temperature (50 mm 
deep) for the wet and dry ends of the line-source 
irrigation gradient for the experimental period 
and the corresponding air temperature mea-
sured at 1400 h, ICRISAT Center, dry season 
1984. 
Days Air ays Seed-zone soil temperature (°C) Airp40eafter temper
sowing Wet Dry ature(°C)
 

1 32.2 (±0.7)' 36.8 (±0.6) 30.2 
2 37.5 (±0.4) 40.9 (±0.7) 33.5 ~ 
3 32.8 (±1.0) 35.5 (±.0) 34.0 
4 35.9 (±0.4) 37.8 (±0.5) 35.1 

1. Figures in parentheses are SEs. 

ghum. The emergence response of the different 

genotypes was linear with applied water, so only 

data for the wet and dry ends of the gradient are 
presented here. Figure 4 shows the frequency
distribution of a set of 166 sorghum genotypes
for emergence at the wet and dry ends of the 
gradient. The difference in position of the histo-
grams shows the influence of soil moisture 
deficit on this group of genotypes. The overall 
emergence percentage at the dry end of the gra-
dient varied widely (10 to 90%) indicating the 
existence of useful variability among genotypes.
While 54% 	 of the genotypes achieved >70% 
emergence at the wet end of the gradient, some 
17% of the entries achieved the same emergence 
at the dry end of the gradient. The technique was 
thus able to differentiate the material for the
ability to emerge under conditions where mois-
ture was limited. 

Midseason 	Drought Stress 

We reported earlier, experiments on the physio-
logical basis for resistance to midseason heat and 
drought stress (ICRISAT Annual Report 1985, 
pp 30-33). Results obtained in 1985 indicated 
that resistant lines maintained higher relative 
leafwatercontents(RLWC) as leaf waterpoten-
tials declined, possibly due to osmotic adjust-

_ Wet end of line-source 
irrigation gradient 
iDry end of line-source 

50 irrigation gradient 

4 

-30

'- 20 

E 

0 10. 
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Figure 4. Distribution of emergence percen
tage (frequency classes) of 166 sorghum geno
types in wet and dry ends of a line-source 
irrigation gradient, ICRISAT Center, dry sea
son 1984. 

ment. An objective of this year's research was to 
establish whether osmotic adjustment occurred 
in resistant genotypes, and whether this parame
ter could account for the marked differences in
performance of susceptible and resistant geno
types. The contrasting genotypes examined were
IS 12744, IS 12739, IS 17605 (drought-suscepti
ble), IS 1347, IS 13441 (drought-resistant), and 
the ICRISAT drought-resistant breeding mate
rial, hybrid ICSH 109 (SPH 263) and variety 
ICSV 213, that have been the highest-yielding 
genotypes over a number of seasons at Anan
tapur, our midseason drought testing location. 
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The genotypes were sown on 12 March 1986 in 
a split block design. There were four treatments: 
A control treatment (WWWW) that was furrow-
irrigated at weekly intervals; two drought stress 
treatments in which irrigation was withheld at 20 
DAS, and then for a period of 23 days (WDWW) 
equivalent to early midseason stress, and 43 
days, (WDDW) equivalent to a long midseason 
stress; and a further stress treatment in which 
water was withheld at 46 DAS for 23 days 
(WWI)W) representing a late midseason stress, 
Figure 5 shows representive plants of hybrid 
ICSH 109 (SPH 263) in the different treatments 
at 88 I)AS . 

go 

Do 

TTo 

90 

40 

t 'lk 


10 

Measurements of air, leaf and soil tempera
tures, windspeed, rainfall, relative humidity (R H), 
and incident and intercepted radiation were 
made every 5 minutes with readings averaged for 
each hour. Detailed measurements of leaf-water 
relations were made weckly on the youngest fully 
expanded leaf, prior to dawn and at 1300 li. 
Leaf-water potential was measured with a pres
sure chamber; osmotic potential with a cali
brated Roebling osmometer; and RLWC as out
lined in the ICR ISAT / nnual Report 1985 (p. 
31). From these measurements we calculated the 
turgor potential and osmotic adjustment (defined 
as the difference between the osmotic potential 

B 

40 

W..
 
'l
 

Figure 5. Representative plants of sorghum hybrid ICSH 109 (SPII 263), showing the growth stage 
at 88 days after sowing in four drought-stress treatments (WWWW = irrigated control; WDDW =long 
midseason stress; WDWW = early midseason stress; WWDW = late midseason stress), ICRISAT 
Center, dry season 1986. 
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at full turgor of irrigated and drought-stressed kesistant genotypes with a high capacity forleaves). osmotic adjustment had similar stomatal re-When fired leaf material was removed from sponses to leaf water potential to susceptiblethe sample (this was not done in 1985; ICR ISAT genotypes with low capacities for osmotic adjust-Annual Report 1985, pp 31-33) the RLWC and nient. Large changes occurred in stomatal conleaf-water potential measurements did not clearly ductance and leaf rolling soon after water wasdistinguish between resistant and susceptible withheld from plants when leaf turgor potentialsgenotypes, and were relatively insensitive to were constant. Leaf rolling was coincident with astress development. reduction in radiation-use efficiency. Therefore,Resistant genotypes such as IS 13441 had a even if osmotic adjustment had delayed leaf rolhigher capacity for osmotic adjustment than ling the gain in productivity would have been
susceptible genotypes IS 12739 and IS 12744. small.

Most of this adjustment occurred 
 soon after On the basis of these turgor-related processeswater was withheld and at high leaf-water poten- we can conclude that there would be little advantials. As a result, resistant genotypes were able to tage in selecting for plants with a higher capacitymaintain a positive turgor despite lower leaf- for osmotic adjustment in an environment expe
water potentials (-2.8 MPa) than susceptible riencing midseason stress. 
genotypes (-2.0 M Pa). The rate of dry matter In addition to taking measurements of theproduction became negligible in both resistant plant water status, we also took weekly incaand susceptible genotypes at predawn leaf-water surements of dry matter production of shootspotentials of -0.55 MPa, despite turgor being and roots, and leaf areas of the four treatments.
maintained to much lower leaf-water potentials. Figure 6 shows the effect of the different treat
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)ays after sowing (I)AS)
Figure 6. Effect of four drought-stress treatments (WWWW = irrigated control; WDDW longmidseason stress; WDWW = early midseason stress; WWDW = late midseason stress) on leaf develop
ment, measured as leaf area index (LAI) in plants of sorghum hybrid ICSH 109 (SPH 263), ICRISAT 
Center, dry season 1986. 
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ments on the leafareadevelopment oflCSH 109 In the NG treatment grain yields over years
(SPH 263). were influenced by the amount of initial soil N 

With a view to understand some of the bio- present at sowing (Table 2). In each year the 
chemical changes associated with midseason mean grain and above-ground biomass yields,
drought stress in these lines we measured proline and N uptake increased significantly with the 
content and nitrate reductase activity (NRA). application ofN and water, and these inputs also 
We measured the levels of proline and NRA of acted synergistically. For example, the grain
the youngest fully expanded leaf (two leaves, two yield (average over 3 years), in the N8012 treat
plants, two replicates) in both the irrigated con- ment was 114% more than in N010. The effect of 
troi and drought-stressed plots. Proline was added N on N uptake (difference in N uptake
shown to accumulate in resistant lines in con- between N, and N80 treatments) was highest in 
trast to the susceptible ones. Their recovery rate 1981, when the initial soil N was lowest. 
shows a good positive correlation with their pro- Average seasonal water use across both fertil
line levels. NRA decreased with drought stress in ity levels was only 150 mm in the N 0, treatment 
all genotypes and shows good negative correla- (Table 2) but increased by about 40% in 11,and 
tion with osmotic adjustment and leaf-water 101% in 12. Added N had little effect on water 
potential. Moredetailed analysis of the relation- Differences in water use among years wereuse. 

ships between proline and NRA, and growth and 
 also small. Water-use efficiency (WUE) values 
leaf-water parameters will be reported later. for both biomass and grain yields decreased 

with the number of irrigations, but increased 
with applied N, especially during 1981 and 1985,

Terminal Drought Stress when the soil N levels were low. Differences in 
WUE across years were greater in the N. treat-

In India sorghum is grown on stored soil mois- ments compared to N8 . However, fertilizer-use 
ture in the postrainy (rabi) season on about 6.5 efficiency [kg grain (kg N applied)-'], increased 
million ha, accounting for about 40% of the total from 10 in 1(,to 18 in I, and 24 in 12 treatments. 
sorghum-growing area. Postrainy-season crops These results indicate the importance of both 
undergo both nitrogen (N) and terminal drought nutrient supply and WUE for increased yields,
stresses. The reasons for low productivity in and should be considered when selecting geno
sorghum during the postrainy season were dis- types for stored-soil moisture environments. 
cussed earlier (ICRISAI Annual Reports 1979/
 
80, 1981. 1982, and 1983). We examined the Plant Nutrition
 
relative importance of, and interaction between
 
these two stresses in 1980, 1981, and 1985. We Vesicular Arbuscular
 
grew hybrid CSH 8R in a split-block design on a
 
deep Vertisol during the postrainy seasons under Mycorrhizae (VAM)

3 regimes of applied water (irrigation): 1, = no We conducted inoculation trials with VAM (a

water applied; 11= 
40 mm irrigation water app- mixture of Glomus constrictum, Glomus mos
lied at panicle initiation; 12 = 2 irrigations of 40 seae,and Acaulosporaniorroweae)at two Indian 
mm at panicle initiation, and a single irrigation locations using 10 sorghum genotypes including
60 mm at the boot stage, and 2 levels of applied those selected from previous field trials based on 
N: No = no N applied; N, = 80 kg N ha-' applied their relative rate of VAM colonization and 
at sowing. Each year, at sowing the soil profile responsiveness to inoculation. At Bhavanisagar, 
was fully charged with water ('about 220 mm of 3 genotypes, IS 22403, IS 22471, and CSH 5,
plant-available water to a depth of 2 m). The showed significant increases in total above ground
initial levels of available N0 3-N in the soil to a biomass, and 2 genotypes, IS 4769, and CSH 5, 

-depth of 1.2 m were 40.0 kg ha in 1980, 13.3 kg showed significant increases in grain yield due to 
ha-' in 1981, and 22.6 kg ha-' in 1985. VAM inoculation. At ICRISATCenter,2geno
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Table 2. Effect of nitrogen (N) and water (irrigation, 1)regimes on performance of sorghum hybrid
CSH 8R on a Vertisol, ICRISAT Center, postrainy seasons 1980, 1981, and 1985. 

Water-use efficiency
-Yield (t ha ') Water use (kg ha-' mm ) N uptake 

Grain Biomass (mm) Grain Biomass (kg ha-1) 
Treatments' No Nh0 N, N80 No NN0 N0 NNo N, No NNoNs0 

Irrigation levels 
1, 2.25 3.06 5.71 7.45 150 178 15.0 17.6 37.5 4.31 49.3 74.41, 2.69 4.13 6.52 9.25 234 227 12.5 18.6 30.8 4.22 49.0 102.6
12 2.88 4.82 7.16 10.66 312 348 9.1 13.9 23.0 30.8 54.8 89.1 

Years 
1980 3.75 4.65 10.67 12.36 231 247 17.0 19.9 47.9 52.8 73.7 100.71981 1.37 3.81 3.40 7.60 218 255 6.4 14.9 16.0 30.1 12.7 69.11985 2.68 3.55 5.32 7.40 247 250 13.2 15.3 32.227.5 66.8 96.3 

Mean 2.60 4.00 6.46 9.12 232 251 12.2 16.7 30.4 38.7 51.1 88.7 

SE
 
N ±0.10 ±0.18 
 ±6 ±0.6 ±1.5 ±1.4 
I ±0.11 ±0.15 ±4 ±0.9 ±1.5 ±3.7N (1)2 ±0.16 ±0.26 ±8 ±1.3 ±2.4 ±4.1
N (Year)2 ±0.19 ±0.41 ±:1 ±1.4 ±2.5 ±2.3 

I. 	 During each year main plots consisted of 3 irrigation levels (1,,, I, and 12 irrigations) and subplots consisted of 2 levels of 
applied N-N o 0 kg ha-' and No = 80 kg ha-'. 

2. 	Comparing levels of first factor within the same level of second factor. 

types, IS 4001 and IS 15184, showed significant Nitrogen Fixation 
increases in grain yield due to inoculation. The 
reasons for the observed differences in response We examined the effect of exogenous nitrogen
to inoculation by different genotypes may be due onl nitrate reductase activity (NRA) and nitroge
to differential competition between native and nase (Ncase) activity on CSH 5 grown in pots.
exogenous mycorrhizae, and location effects on In all the treatments we observed the maxi
plant development. mum specific NRA cm 2 of leaf at 20 DAS, after

We examined the effect of exogenously sup- which it significantly declined (Table 4). The
plied phosphorus levels on the response of plants addition of N as urea increased specific NRA in
to VAM inoculation using 4 genotypes, IS leaves, however, at 20 DAS we only observed a
15184, IS 4001, IS 9652, and CSH 5 in pots significant increase in specific NRA due to N
containing sand and nutrient solution. All the application in plants that received 25 or 100 ppm
genotypes responded to inoculation at 0, 4, and 8 N solution daily, and the equivalent of 40 or 80 
ppm and their responsiveness was nullified at kg N ha-'. Similarly, total NRA plant-' washigh (30 and 60 ppm) inoculation levels (Table 3). increased by the addition of nitrogen at 25 and
The interactions between P 	levels and inocula- 100 ppm daily, or 80 kg N ha-' equivalent at 40
tion were significant (P= <0.01). This suggests DAS, and at 100 ppm daily at 60 DAS.
that the plant is more dependent on VAM for P We observed that the N2ase activity associated
uptake at lower levels of P. with CSH 5 in all treatments increased with age, 
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Table 3. Response (g biomass plant-') of four sorghum genotypes to phosphorus and mycorrhizal
inoculation in sand culture', ICRISAT Center, rainy season 1986. 

Genotypes
AvailablephosphorusIS 15184 IS 4001phosphorus	 IS 9652 CSH 5 
(ppm) Inc' Noninc Inc Noninc Inc Noninc Inc Noninc SE 

0 	 1.25 0.05 1.34 0.13 1.63 0.23 1.50 0.16 ±0.096 
4 	 3.00 0.23 4.53 0.31 3.57 0.89 4.05 1.18 ±0.205 
8 	 5.84 2.13 8.64 3.77 5.31 4.45 6.21 4.17 ±0.551 

30 	 9.62 12.42 9.66 11.99 10.65 10.78 8.58 15.18 ±1.334 
60 13.33 15.17 13.71 15.33 9.11 6.86 10.22 14.29 ±1.557 

1. Grown in pots in a greenhouse. 
2. Inc =Inoculated with Glomus constrictum. 
3. 	Noninc = Noninoculated. 

Table 4. Nitrate reductase activity (NRA) in leaves of sorghum hybrid CSH 5 grown in pots with 
different levels of mineral N at different growth stages, total nitrogen uptake, and plant dry matter at 
harvest (117 DAS)', greenhouse test, ICRISAT Center, rainy season 1986. 

Nitrate reductase activity (NRA) 2 

moles NO, cm 2 pumoles NO 2 plant-' 

DAS DAS Total plant 

Treatment 20 40 60 Mean 20 40 60 Mean 
dry matter 
(g plant-')2 

N uptake 
(mg plant-) 2 

N ppm 
0 73 2 4 26 37.9 3.3 3.0 14.7 86 280 

10 81 3 5 30 39.0 5.5 5.0 16.5 103 332 
25 87 5 8 33 47.9 11.1 8.3 22.4 110 552 
100 94 21 26 47 49.6 54.5 46.4 50.2 163 1720 

Kg N ha-' 
20 77 4 4 28 33.6 7.9 3.0 14.8 92 282 
403 93 3 4 33 43.6 6.8 3.9 18.1 99 322 
803 116 5 7 43 58.5 13.6 6.7 26.3 110 470 

SE ±8 ±0.6 ±1.0 ±2.0 ±4.71 ±1.58 ±1.63 ±1.42 ±3.1 ±25 

Mean 89 6 8 44.3 14.7 10.9 

CV(%) 19 21 26 24 24 33 6 10 

I. 	 Plants were grown in6-L plastic pots filled with 7 kg Alfisol. Nitrogen was applied as urea insolution daily, or as a basal dose 
based on pot surface area at sowing. 

2. 	Mean of six replications, NRA plant-' calculated on total green leaf area plant-'.
3. 	40 and 80 kg N ha-' equivalent treatments, half dose N applied at sowing, remainder at 15 DAS. 

up to 81 DAS and then declined. At 81 DAS, daily, and wasreduced by the addition of25 and 
N2ase activity was stimulated by the addition of 100 ppm Nsolution daily, or 40 and 80 kg N ha-' 
20 kg N ha -' equivalent or 10 ppm N in solution equivalent (Fig. 7). 
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C11CFigure 7. Effect e of exogenous7. Eby nitrogen levels 
on nitrogenase activity assayed at 81 days after 
sowing in intact sorghum hybrid CSH 5 plants 
grown in an Alfisol in pots, ICRISAT Center,1986. 

Biotic Stresses 
Diseases 

ICRISAT Center 

Grain Molds 

Fungal invasion in grain. Previous observa-
tions showed that some white-grain, mold-
susceptible genotypes have dense and hard grains, 
a character most often associated with mold 

resistance in white-grain sorghums. We conjec
tured that fungal colonization of grains of these
susceptible genotypes is restricted to the pericarp 

leaving the endosperm intact (ICRISAT Annual 
Report 1985, p.38). To test this hypothesis we 

fungal colonization of grain tissues of 
mold-susceptible and mold-resistant genotypes 
grown in the 1985 rainy season. We selected the 

three categories of white-grain geno
types: a. three resistant genotypes with dense 
(1-2% floater) and hard (88-91% recovery after 
dehulling) grains, b. four susceptible genotypes
with dense (2-13% floaters) and hard (89-91% 
recovery after dehulling) grains, and c. three sus

genotypes with less dense (88-100% 

floaters) and soft (61-68% recovery after dehul
ling) grains. Using procedures described earlier 

Annual Report 1985, p.37) we pro
cessed 7-10 grains of each genotype and exam
ined microtome sections for fungal colonization 
under a fluorescence microscope. 

The pericarp of resistant genotypes with dense 
and hard grains showed sparse invasion by fun
gal mycelia, and their aleurone layers, endos
perms, and embryos were free from fungal 
growth. Susceptible genotypes with dense and 
hard grains had pericarps abundantly colonized 
adefungi, but their aleuroneu gsfe.Slayers, endosperms,byswr setbegn 

emwtls ee ndsft gasheten
sive fungal growth in all parts of the grain. 

e alowxa in the exte of damageatoWe also examined the extent of damage tostarch in the endosperm under a fluorescence 

microscope using the classical periodic acid
Schiff's reaction in microtome sections of grain 
tissues. Starch granules and the protein-starch
matrix in the endosperm were intact in the grains 
of resistant and susceptible genotypes with dense
and hard grains. In susceptible genotypes with 
less dense and soft grains the starch granules 
were in different stages of disintegration, partic
ularly in the endosperm areas adjoining the 
embryo and the pericarp. 

These observations show that fungal growth
in mold-susceptible genotypes with dense and 
hard grains remains restricted to the pericarp 
and does not affect endosperm structure. In such 
cases assessment of moldiness by the qualitative 
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visual rating method that only considers superfi- into these cages 5 and 15 pairs of head bugs 
cial mold growth should be verified by ergosterol cage-' (sub-sub plots) at two panicle develop
analysis, a quantitative assay of total fungal ment stages (subplots)-50% flowering and the 
biomass in the whole grain. We are following milk stage of grain development. Head bug-free, 
this procedure when assessing mold in breeding caged panicles were used as controls. Overhead 
material. sprinkler irrigation was provided fron flowering 

to grain maturity to promote grain mold 
Food quality of molded grain. We evaluated development. 
dough and rotiquality of one mold-resistant (IS We counted grains showing superficial growth 
14384), and four mold-susceptible (ICSV 2(S PV of the mold-causal fungal genera Fusarium, 
386), IS14332, Local FSRP, and SPV 104) gen- Curvularia, and Phoma under a stereoscopic
 
otypes that showed different levels of mold sev- binocular microscope for one resistant (IS 2821),
 
erity. Weassessed 18 grain samples of each geno- and one (CSHI 1)susceptible genotype at the
 
type for moldiness by both visual rating and hard-dough stage of grain development when
 
ergosterol analysis, (ICRISAT Annual Report mold growth does not normally appear on the

1984, pp. 21-22) and for roti quality. The ergos- grain surfice. In the absence of head bugs,
 
terol content of grain samples ranged from 0.9 to resistant and susceptible genotypes had 1-4%
 
65.4 ug g-1. Our results showed that molded superficially molded grains. In contrast, where 5
 
grain produced poor quality dough with inferior and 15 pairs of head bugs were released at flow
texture that made unicceptable rotis. We also ering, the grains shrivelled and extensive growth,
 
measured dough quality using an Instron food predominantly of tF7usarium spp appeared on
 
testing instrument equipped with a 100-kg corn- 98-100% grains of both genotypes. At the milk
 
pression cell and fitted with a back extrusion growth stage, more mold appeared on both gen
cell. We calculated the 'nitial and final forces of otypes (80-81% grains extensively colonized)
 
back eyti usion and the slope of the Instron when 15 pairs of head bugs were released than
 
curve. Dougih, made from grains of resistant gen- when 5 pairs of head bugs were released (18%
 
otypes had go(,d textural properties as indicated grain colonization in mold-resistant IS2821 and
 
by the low initial force (.:35 kg), final force (-_55 66% in mold-susceptible CSH I). These results
 
kg), and steady slope of the Instron curve (<0.8). show that head bug damage to developing grain
 
Dough from moldy samples of susceptible geno- predisposes both resistant and susceptible geno
types had a poor extrusion pattern, with larger types to mold infection. Therefore, to avoid
 
forces of back extrusion, and Instron curves with erroneous results while screening for mold resis
very steep slopes. The amount of ergosterol was tance, it is necessary to avoid damage by head
 
significantly correlated (r =0.77***, 69 df) with bugs.
 
the slope of the Instron curves for IS 14384, IS
 
14332, ICSV 2 (SPV 386), and Local FSRP Breeding for resistance. At ICRISAT Center,
 
grain samples. This demonstrates the deleterious in an advanced screening trial with two replica
effect ofgrain mold on dough and roti quality in tions, we evaluated 65 F6 to F,generation breed
sorghum. ing lines, that were mold resistant in the 1985
 

rainy season and had uniform plant characters. 
Relationship of head bug damage and grain These entries included 48 with white grains. The 
mold development. We investigated damage test entries were derivatives from crosses between 
to developing grains by head bugs (Calocoris white-grain, mold-susceptible and the colored
angustatus) as a predisposing factor on mold grain, mold-resistant parents IS2333, IS 14384, 
incidence in a split-split plot designed experi- IS 14387, and IS 14388. Four resistant and 22 
ment with three replications. Panicles of two susceptible controls of variable maturity periods 
mold-resistant, and two mold-susceptible geno- were also included in the trial. Overhead sprinkler 
types (main plots) were caged, and we released irrigation was used to promote mold develop
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ment. We recorded Threshed Grain Mold Rat-
ing (TGMR) of grains from five panicles at 54 
days after flowering (14 days after physiological
maturity) on a I to 5 scale, where I = no mold, 
and 5 = more than 50% grain surface area 
molded. Among the test entries 25 had a TGMR 
of 2, out of which 16 were white-grained and 
were as resistant as the colored-grain, mold-
resistant controls. The TGNM R of another 20 test 
entries ranged from 2.1 to 3.0. The susceptible 
controls had a TGMR of 5. 

We also evaluated 538 other breeding lines 
derived from crosses involving 12 mold-resistant 
parents and made 150 single panicle/bulk selec-
tions (Table 5) for further testing in the 1987 
rainy season; either in preliminary screening 
trials for F3 to F5 progenies, or in advanced 
screening trials for F, to F, progenies. 

Anthracnose (Colletotrichumn graminicola) 

Resistance screening. In preliminary screening 
at Paotnagar it northern India, we evaluated 
319 germplasm accessions and 988 advanced-
generation breeding lines and selected 145 acces-
sions and 136 lines for further screening. In 
advanced screening, we confirmed resistance in 
165 entries. In 4-5 years of resistance screening at 
Pantnagar, 3gerinplasm accessions and 29 breed-
ing lines have consistently shown high levels of' 
resistance to anthracnose, the best genotypes 

being IS 17141, PYT 2 El, PYT2 E6, TRL 74 C 
57, SPV 346, PS 19794, and PVT I El8. 

Variability of C. graminicola. We developed 
procedures and facilities to study the variability 
of the anthracnose pathogen. We collected in
fccted sorghum leaves from ICRISAT Center, 
Surat, Hubli, Udaipur, Dharwad, and Pant
nagar in India, and cultured the pathogen on 
potato dextrose agar from them. We obtained 
single-spore isolates representing two from ICRI-
SAT, and one each from the other locations 
from the mass cultures. We then produced coni
dial inoculum of the isolates on sterilized sorghum 
leaf medium. To study the pathogenic variability 
of the isolates, we selected 245 genotypes with a 
range of symptom types and disease severity dur
ing 1982-85 field screening at Pantnagar. 

We separately spray-inoculated 25- to 30-day
old plants of each genotype with a conidial sus
pension (3-4 x 10- conidia ml-i) of isolates of C.
graminicola.Plants inoculated with each isolate 
were kept separate in specially designed humid 
chambers. Initially high humidity (100%) was 
maintained for 48 1 after inoculation to establish 
the infection. Later, humidifiers were run for 8 I 
day-I for 6 days to allow the disease to develop. 
Disease was recorded using two ratings; a reac
tion class ofO-VI, where 0 = no reaction, and VI = 
necrotic areas coalescing and producing abund
ant acervuli, and a severity scale of 1-5, where I = 
< I% leaf area diseased and 5 : > 40% leaf area 
diseased. 

Table 5. Summary of mold-resistance screening of sorphlmi hrppilino IHnoc in wo--c .......
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Based on the reaction class and severity scale, with Striga-infested soil and laid out in a ran
we finally selected 20 genotypes for detailed domized block design. Two resistant varieties,
investigations of the pathogenic differences Framida and IS 6961, and one susceptible var
among the 9 isolates of C graminicola. Our iety CK 60B were used as controls. Many of the 
results showed that the 9 isolates of C.graminic- test varieties were completely killed before head
ola were different pathotypes of the pathogen in ing because of severe Strigaparasitization. Nine 
India, and that only two genotypes, IS 7775 and lines were selected based on the number of 
IS 18688, were resistant to all pathotypes. Further emerged Striga plants and survival percentage
work on other aspects of pathogenic variability compared to the confrols whereas the suscepti
is in progress. ble variety averaged 12.5 Striga plants per pot 

,he selected lines and the two resistant control 
varieties averaged between 0.2 and 1.9 plants per

Striga asiatica pot. Six of these 9 lines came from Cameroon 
and 2 from Nigeria; although they all have low

Resistance screening. We screened 696 germ- yield potential, we will subject them to field 
plasm accessions and identified 12 with low screening at several locations in West Africa in 
Strigaemergence. Of these, 6 are from Nigeria, 4 the 1987 rainy season to confirm their resistance. 
from USA, and one each from India and Mali. We also screened 200 breeding lines in a Striga
These lines will be tested for field resistance in a sick plot at Kamboins6 and selected the follow
Stri,'a sick field in 1987. In advanced screening, ing as resistant: ICSV 1149 BF,ICSV 1150 BF,
 
we evaluated 17 breeding lines including a resis- ICSV 1151 BF, ICSV 1155 BF,ICSV 1152 BF,

tantline(SAR l)and asusceptiblehybrid(CSH 1) ICSV 1147 BF, ICSV 1095 BF,ICSV 1153 13F,
 
as controls in a checkerboard layout in the Striga ICSV 1154 BF,and ICSV 1146 BF.
 
sick field. Five lines, SAR 29, SAR 30, SAR 36,
 
SAR 41, and SAR 42 were resistant with 0.7% to Multilocational testing for resistance. Results
 
2.6% emerged Striga plants compared to 100% of the 1985 International Sorghum StrigaNursery

for CSI] 1."lhcy also yielded well, 1.83-2.29 t (ISSN) from Sudan and Cameroon confirmed
 
ha-Iin comparison to 1.8 t ha-1 of the resistant .he resistance of ICSV 1017 BF(IS 6961), ICSV
 
control SAR 1,and 0.5 t ha-' for the susceptible 1007 BF, ICSV 1021 BF (Tetron), atid ICSV
 
control CSH 1.In preliminary screening, we 1018 BF (CVS 122). In Sudan, ICSV 1007 BF
 
evaluated 68 breeding lines in a randomized and IS 9830 are under multiplication for on
complete block design for resistance and yield, farm testing.
 
We selected seven lines whose grain yields ranged
 
from 0.94 to 2.09 t haj for advanced screening. Southern Africa 
We also screened 262 F, F8,and F-6breeding 
progenies in the Striga hermonthicasick field at 
Kamboins and selected 24 entries for further Downy Mildew (Peronoscierospora sorghi
evaluation. )owny mildew is a commonly occurring disease 

in most SADCC countries. In 1986 a severe epi
phytotic occurred at Matopos Research Station,

West Africa and valuable observations were made at Hender
son, Panmure, and Kadoma Research Stations 

Strigahernionthica in Zimbabwe. We selected 3000 F2 panicles at 
Matopos Research Station as resistant under 

Screening for resistance. We screened 86 germ- natural disease pressure, and for agronomically
plasm lines identified as resistant in a 1985 pot desirable traits. The Botswana varieties Maru
experiment (ICRISAT Annual Report 1985, pantse and Kanye Standard were susceptible,
pp.41-42). Each entry was sown in 10 pots filled but the Zimbabwe varieties SV 1,SV 2, the 

http:1.83-2.29
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Zambian Sorghum Variety ZSV I [(ICSV 2 
(SPV 386)], and the hybrid PNR 8544 showed 
resistance. During the dry season, ratoon crops 
of the same genotypes showed higher incidences 
of downy mildew than the rainfed crop. 

Leaf Blight (Exserohilunm turcicum) 

We assessed 2000 lines for resistance under natu-
ral infection conditions at Kadoma and Hender-
son Research Stations, and selected 100 for 
further screening. Pedigrees of some of the 
apparently resistant lines were: 1/80, IS 176, and 
sister lines of(SC 108-3 x CS 3541), (555 x GPR 
168)-I-1, (555) IAK, (DH 521 77 x E35-1)-l-1-2, 
R 6956 Lason, KSV8,(148 x Framida)-2-1-2-2-I 
(SAR 28), (555 x 168)-I-I-I (SAR I), D3R, 
D23R, and D24R. 

Rust (Pucciniapurpurea) 

We assessed 12000 lines for resistance under 
natural infection conditions at Panmure and 
Henderson in Zimbabwe, and at llonga in Tan-
zania and selected 150 foc further screening. The 
best entries among those apparently resistant 
were: ICSH 153, ICSV 197, IS 9510, IS 13505, 
IS 13888, and IS 13896. 

Insect Pests 

ICRISAT Center 

Shoot Fly (Atherigona soccata) 

Screening for resistance. In preliminary screen-
ing, we evaluated 2078 lines (832 lines from the 
population project, 265 advanced breeding lines 
from the shoot f1y resistance project, 654 lines 
resistant to other stresses, and 327 experimental 
hybrids) using the interlard fishmeal technique,
and selected 180 lines for further testing. In 
advanced screening of 793 lines (ICRISAT 

Annual Report 1985, p.42), 77 were selected for 
niultilocational testing in 1987. 

In multilocational testing at Dharwad and 
ICRISAT Center, from 72 lines screened, 16 
breeding lines and 16 germplasm lines had shoot
fly damage similar to, or less than the resistant 
line IS 18551. 

We also screened material from the following 
ICRISAT breeding trials: Advanced Variety
Trial (AVT), Asian Regional Sorghum Variety 
Adaptation Trial (ARSVAT), Asian Regional 
Sorghum Hybrid Adaptation Trial (ARSHAT), 
Preliminary Variety Trial-I (PVT-I), and Preli
minary Variety Trial-2 (PVT-2) and found 19 
more resistap' than the susceptible control CSH 1. 

We confirmed resistance of 13 wild sorghum 
accessions (Sorghum versicolor, S. purpureo
sericeum, and S. dimidiatuin) under no-choice 
conditions using the cage technique (ICRISAT 
Annual Report 1982, p. 2 1). Six of these acces
sions showed <5% damage compared to 95% in 
the susceptible hybrid CSH I. 

Introgression of useful genes from wild relatives 
of sorghum. All the wild sorghums, including 
para-, stipo-, and chaetosorghums, recently as
sembled by the Genetic Resources Unit (GRU) 
have been screened for shoot fly resistance using 
the cage technique. Four accessions of para
sorghums; IS 14262, IS 14275, IS 18938, and IS 
18945 (Fig. 8 a and b) were found to have i;,*h 
levels of resistance to shoot fly in terms of very
low egg-laying and low percentage of deadhearts. 

These accessions have a chromosome number 
of 2n= 10. They were crossed with adapted culti
vated sorghums (2n=20) by the hand emascula
tion technique, in an attempt to introduce the 
resistance genes into the cultivated types. Hybrid
seedlings died during the early growth stage, 
except for the crosses with S. dimidiatum, IS
18945. These presumed F, plants were grown in 
the greenhouse where they flowered with varying 
degrees of sterility. Some set seed when selfed or 
backcrossed to the cultivated parent. The F2 and 
BC F seed of these crosses will be studied for 
their fertility and also to determine whether the 
shoot fly resistant character from the wild para
sorghums was transferred. 
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f 	
Breeding for resistance. We evaluated 327 exa 	 perimental hybrids, developed from resistant 
iale parents, for their agronomic performance 

and nonirestoration, and found resistance in MA9 S 14413. We fonad that 16 resistant male 

, 	 parents are nonrestorers. ihe best no!lirestorer 
lines were PS 27618-5, PS 31250, I'S 31288-1, PS 

*, ,
..-.	 31354, and PS 31405-3. ' hese will be converted 
into resistant inale steriles. 

",.We screened 312 F1 progenies for resistance in 
N,/ te15 postrainy season and selected 69 for 

fturther test i ig. Ve evaluated 265 (1,and F-7) 
iiadvanced, lines for agronom ic eliteness dutiring 

-te and fly resistanceriny season, for shoot 
during the postrainy season, and selected 22 
grionically elite and less susceptible lines. 

The best were lPS 27018-3, IPS 27620-2. PS 
27655-6. PS 27656-0. PS 27989-2. PS 30812, and 
PS 30880. 

Figure 8a. Sorghum dimidiatum, a wild parl- Chelnical control. We tested tihe efficiency of 
sorghum (IS 18945) collected in Sudan that cyperniethriI, a synthetic pyrethroid, for shoot 
showed a high level of resistance to shoot fly, fly control in tle potrainy ,.easoni. Using clec-
A therigona soccata. trodrIle., Ultr-low volhtiinlc ([JIV). and knapsack 

spNryer we made foliar applications of'cypernethri,, once (6, 12. 	 or 18 lays after crop enier

b 	 gence ()AE)), twice (6 and 12 DI-AF; 12 and 18 
[)A F.), and thrice (6,12, and 18 [)A 1-). We coni

j/i 
 pared the effects with soil application of carbof
uran inI fnrrows Itsowing time, and with non-

Sinple treated plots. 
branched Cyperrnethrin applied once, twice, or thrice 

:Rea rded with an electrodyne sprayer starting at 6 DAI="i 	 l panicle gave significant control (5-S(,( deadhecarts as 
;'Shea th) 	 coimpared to 60%.* 'inthe nontreated control, and 

[.igt,le , ode tile carbof'uran treatnment). Control62(,j ill was 
Ilairs i; } onl effective 1i' application at 6an 	 DI)AF was 

included. Cypernetlirin applied with UI.V or 
,.olg knapsack sprayers did not effectively control 
:Ifs shoot fly, nor did soil applications of carbofuiran. 

II International SorI-hum Shoot Fly Nursery 

(ISSFN). The nursery consisted of II germ
plasm accessions, 12 ICR ISAT-bred lines, and 2 

Figure 8b. IS 18945 showing ligule hairs, susceptible controls (CSII I and local) and was 
bearded sheath nodes, simple panicle branching, sent to cooperators in Asia and Africa. We 
and long awns-all characteristic features of received useful data from 7 locations (4 from 
parasorghums. India and I each fromn Burkina Faso, Ghana, 
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and Thailand). From the cooperators' reports 
we found that IS 1054, IS 1082, IS 2123, IS 2146, 
IS 4663, IS 18551, and PS 18601-2-2 were resis
tant across locations. 

Stem Borer (Chiiopartellus) 

Yield loss assessment. The yield loss assess-
ment trial was repeated for the 2nd year (ICRI-
SAT Annual Report 1985, p.43). Plants were 
infested with laboratory-reared insects (eggs and 
larvae) at 15, 20, 30,40, and 50 DAE. Maximum 
stem borer damage (deadhearts) and grain yield 
reduction occurred when plants were infested 
either by larvae or eggs at 15 DAE (Table 6). 

Factors associated with resistance. We con-
tinued our efforts to determine the factors asso-
ciated with resistance. (ICRISAT Annual Report 
1985, p.43). In addition to early panicle initia-
tion and rapid internode elongation as factors 
related to antibiosis we found the attachment 
position of the basal leaf to the stem to be an 
important plant trait associated with resistance, 
Among other biological parameters, establish-
ment of the first instar larvae into the whorl, the 
time taken for the larvae to bore into the stein, 
larval mass, and borer survival rate were impor-
tant factors. In nonpreference studies under nat-
ural infestation at Hisar, we recorded signifi-
cantly lower numbers of eggs on resistant 
genotypes IS 5538 and IS 18580 (2 egg masses 
4 -mrow-')thanonsusceptiblegenotypesICSV I 
(SIPV 351) and CSH 1 (25 and 41 egg masses). 

Resistance screening. In preliminary screen
ing, we evaluated 1476 genotypes under natural 
infestation at Hisar, and selected 59 for further 
testing. From the 620 genotypes in advanced 
screening (ICRISAT Annual Report 1985, p.44) 
we selected 110 that were resistant under artifi-
cial infestation at ICRISAT Center and under 
natural infestation at Hisar. In other tests 20 
genotypes out of 56 lines showed resistance 
under natural infestation at Hisar, and under 3 
artificial infestation levels (15, 20, and 25 DAE) 
at ICRISAT Center. The most resistant geno-

types are IS 2375, IS 5075, IS 8811, IS 18573, 
and IS 20643. 

Breeding for resistance. We random mated the 
shoot-pest (shoot fly and stem borer) resistant 
population for the 6th time under natural shoot 
fly, and artificial stem borer infestations at 
ICRISAT Center and under natural shoot fly 
and stem borer infestations at Hisar. We will 
evaluate all the six cycles of this population in 
the 19 8 7 rainy season to estimate progress made. 

We compared the performance of 135 fertile 
derivatives (S2) of the shoot-pest resistant popu
lation, and 130 advanced progenies from pedi
gree breeding for their resistance to -tem borer 
under artificial (ICRISAT Center) and natural 
(Hisar) infestations. In general, population de
rivatives had better levels of resistance under 
both natural and artificial infestations than pro
genies derived from pedigree breeding. Six per
cent of the population derivatives showed good 
levels of resistance to stem borer as compared to 
only 0.6% of the pedigree progenies. 

We made 167 crosses between I I stem borer 
resistant sources and 40 agronomically elite par
ents during the 1985 postrainy season. We 
selected 41 agronomically desirable Fts and 
screened their F2 populations for resistance 
under natural infestation at Hisar during the 
rainy season. From these, we selected 40 stem 
borer-free plants. We also screened 80 F4 pro
genies and 238 advanced shoot fly resistant lines 
both under natural (Hisar) and artificial (ICRI-
SAT Center) infestations. PS 14413 and PS 
14454 were the most resistant. 

Sorghum Midge (Contariniasorghicola) 

Biology. We continued population monitoring 
at Dharwad and Bhavanisagar by sowing a 
midge-resistant genotype, TAM 2566 and a sus
ceptible hybrid, CSH I at fortnightly intervals. 
We recorded maximum midge populations at 
Dharwad duringthe 2nd week of October, while 
at Bhavanisagar infestation peaked during the 
2nd and 3rd weeks of February. Sorghum sown 
during the last week of July was heavily infested 
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Table 6. Effect of insect density (larval and egg infestation) and time of infestation on stem-borer 
damage and grain yield in two sorghum genotypes, ICRISAT Center, rainy season 1986. 

Stem-borer damage (% deadhearts) Grain yield (t ha-1) 

Insect Infestation stage Infestation stage
 

Genotype density 15 DAE' 20 DAE 30 DAE Mean 15 DAE 20 DAE 30 DAE Mean
 

Larval infestation 2
 

ICSV I (SPV 351) 0 12 2 4 6 2.52 2.50 3.02 2.68
 
1 38 13 3 18 1.72 1.80 2.26 1.93 
2 65 12 5 27 1.31 1.54 1.78 1.54 
4 81 19 18 39 0.75 1.47 1.72 1.31 
8 94 33 17 48 0.34 1.14 1.34 0.94 
12 88 40 22 50 0.38 1.08 1.24 0.90 

Mean 63 20 12 1.17 1.59 1.89 

PS 28157-1 0 2 8 4 5 2.59 2.63 2.34 2.52 
1 42 5 5 17 2.25 2.21 2.27 2.24 
2 57 13 8 26 1.83 1.89 2.11 1.94 
4 62 13 17 31 1.40 1.81 2.11 1.77 
8 95 30 19 48 0.52 1.30 1.76 1.19 
12 92 32 16 47 0.36 1.36 1.67 1.13 

Mean 58 17 12 1.49 1.87 2.04 

Egg infestation3 

ICSV I (SPV 351) 0 7 6 5 6 2.18 2.30 2.08 2.19 
10 25 12 12 16 1.67 1.81 1.76 1.75 
20 49 19 15 28 1.04 1.43 1.54 1.34 
30 57 33 19 36 0.67 1.08 1.41 1.05 
50 68 39 23 43 0.84 0.94 1.01 0.93 

Mean 41 22 15 1.28 1.51 1.56 

PS 28157-1 0 4 3 5 4 2.27 2.15 2.28 2.23 
10 19 7 7 11 1.77 2.03 2.23 2.01 
20 42 10 10 21 1.33 1.70 1.94 1.66 
30 56 21 I1 29 1.16 1.66 1.77 1.53 
50 59 31 12 34 0.97 1.31 1.44 1.24 

Mean 36 15 9 1.50 1.77 2.29 

Grain yield under: 

SE for comparing (for grain yield) Larval infestation Egg infestation 

Insect density for same genotype ±0.5 ±0.10
 
Infestation stage for same genotype ±0.10 ±0.14
 
Insect density for same stage and genotype ±0.21 ±0.17
 
Insect density for different stages and same genotype ±0.21 ±0.16
 

CV(%) 12 15 

I. DAE =days after crop emergence. 
2. Insect density measured as larvae panicle-. 3. Insect density measured as % plants with a single egg mass. 



38 Sorghum 

with midge at Dharwad. We continued testing 
midge-attractant chemicals in a yellow trap and 
found that traps baited with ethanol caught the 
m ost fl ies. 

Resistance screening. We evaluated 2000 germ
plasm accessions and breening lines for resis
tance at Dharwad and selected 41 germplasm 
accessions and 69 breeding lines for further test
ing. In advanced screening, we selected 53 lines 
for further testing at Dharwad and ICRISAT 
Center. In multilocational testing of 150 lines 
under cage conditions at ICRISAT Center and
Dharwad, and tinder natural conditions at Hlisar 
and Pantnagar, 51 lines were selected. In addi-
tion, we screened 46 advanced breeding ines 
under cage conditions and retained 30 lines with 

low midge damagc.
We sowed 14 resistant lines and one suscepti-

ble control in a split-plot design with 15 entries 
as the main plot, and three infestation levels (20, 

subplot were caged with the respective number 
of flies. Eight lines, IS 3641. IS 9807, IS 19474, 
IS19512, PM 9250, PM 10291 (Fig. 9) ICSV 197 
(PM 11344), and DI. 6514 suffered less damage 
(11-37fh) than the suseptible control Swarna 
(71 %). Resistance was maintained across all Iev-
els of infestation. Panicles infested with 20 flies 
showed significantly less damage than panicles
inifested with 40 or 60 flies. No difference in 
damage was noticed between the panicles infested 
with 40 or 60 flies. 

Breeding forresist irce. We random-mated the 
midge- and head bug-resistant sorghum popula-
tion for the 6th time Under moderate midge
infestation at Dharwad during the late rainy sea-
son, and made 19 nidge damage-free fertile 
selections, 

We evaluated 146 experimental hybrids, with 
resistant male parents at Dharwad, and identi-
fied 10 hybrids with slight damage (_:.75 /c%seed 
set 'is compared to <15N; in the susceptible 
hybid, CSH I). PM 7017 was identified as a 
good nonrestorer, resistant line. 

We made 185 crosses between II midge-
resistant lines, and 40 agronomically elite lines 
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Figure 9. Stability of resistant sorghum line 
PM 10291 under different midge, Contarinin 
sorghicola, infestation levels. The susceptible 
control, Swarna, showed severe panicle damage 
at all infestation levels compared to PM 10291 
that showed very little damage under no-choice 
conditions, ICRISAT Center, dry season 1986. 

during the 1985 postrainy season. Forty-five 
agronomically desirable were andFis selected 
we screened their F, populations under natural 
infestation at Dharwad during the late rainy sea
son. From these, we selected 347 midge damage
free panicle.,. We also screened 320 F, progenies 
at Dharwad and selected 58 resistant progenies. 

We evaluated 384 advanced (F, and F7) 
midge-resistant lines for their agronomic desira
bility under good management at ICRISAT 
Center, and for resistance at Dharwad during
the late rainy season. From these, we found 44 
lines to be both agronomically elite and resis
tant. The best resistant lines were PM 12586, PM 
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12645, PM 13978-1, PM 13987-1, PM 14023-1, Scanning electron microscopic studies on the 
PM 14370-6, PM 14415-2-2, and PM 14420-3-2. mode of feeding in milk and soft dough stages of 

grain development indicated that the stylets 
Factors associated with midge resistance. Our penetrate intracellularly and that cell contents 
studies on the mechanisms of resistance to are sucked. Electrophorctic -studies indicated 
sorghum midge involve examination of floral that the damage to sorghum by head bug is not 
morphology, ovary development, total polyphe- only due to meca.anical laceration during feeding 
nolic content (tannins), total sugars, and protein but is also the result of a chemical process caused 
content. We evaluated 25 genotypes and found by a salivary enzyme, an amylase that hydrolyses 
that glume size, ovary growth rate, and high starch in the grain. 
tannin content were associated with resistance. We studied head bug population increase and 
All resistant genotypes had short glumes and the survival rates using different levels of infestation 
majority had rapid ovary development, on 6 genotypes (2 resistant, 3 moderately resis

tant, and I susceptible). For population increase 
International Sorghum Midge Nursery (ISMN). studies, we caged four sets of 10 panicles of each 
The 1985 ISMN comprised 10 germplasm acces- genotype at the preanthesis growth stage with 5, 
sions, 10 breeding lines, and 5 susceptible and 10, 15, and 20 pairs of field-collected adults, and 
resistant controls. It was sent to cooperators in counted the final population (nymphs and adults) 
Asia, Africa, and Latin America. We received 3 weeks later. Similarly, we caged three sets of 10 
useful data from 8 locations (6 from India and panicles of each genotype, one with 100, another 
one each from Burkina Faso and the Yemen with 250, and the third with 500 first instar 
Arab Republic). From cooperators reports we nymphs for survival rate studies. We recorded 
found that IS 3461, IS 7005, IS 8571, IS 19474, the number of surviving nymphs 12 days after 
IS 19512, PM 7032, PM 7322, and PM 7397 infestation. 
were resistant to midge across locations. Four genotypes, IS 2761, IS 9692, IS 17610, 

and IS 17645 supported significantly lower pop
ulations than IS 17618 and CSH I (Table 7). 

Head Bug (Calocoris angustatus) There was no significant difference in the popu
lation increases at the four infestation levels. The 

Biology. We monitored head bug populations head bug survival rate was lower in IS 9692, IS 
at fortnightly intervals at ICRISAT Center by 17610, and IS 17645 (Table 7). On average, more 
sampling sorghum panicles at the milk growth head bugs survived (69.6%) when plants were 
stage of grain development. In addition to two infested with 100 nymphs panicle-1 than when 
normal peaks during Feb-Mar and Sep-Oct, we infested with 250 nymphs (58.6%) and 500 
observed an abnormal peak during July on a nymphs (49.1%). 
dry-season crop of sorghum sown in March for 
drought screening. Resistance screening. In preliminary screening 

We investigated the physical and chemical fac- we evaluated 1576 genotypes for resistance under 
tors of particular sorghum lines that are respon- natural head bug infestation at ICRISAT Center 
sible for head bug oviposition preference. We using the infestor row technique during the rainy 
found that at the time of panicle emergence season and selected 279 lines for further testing. 
toughness of glumes was higher (6-7 fold) in the In advanced screening of 473 lines selected in 
nonpreferred lines, IS 17645, IS 23061, IS 9692, 1985 in a replicated trial, we selected 109 lines for 
1S 6984, and IS 2761 than the preferred ones, further testing. We also evaluated 67 previously 
CSH 5 and Swarna. Experiments also showed selected sorghum lines using the head cage tech
more olfactory responses by head bugs to the nique, and confirmed resistance in 40 of them. 
same preferred lines than to the nonpreferred 
ones. Chemical control. We tested the efficiency of 
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Table 7. Population build up and survival rate of head bug, Calocorisangustatus,at different levels of
infestation on six sorghum genotypes, ICRISAT Center, postrainy season 1985. 

Population build up 
(number panicle-') Survival rate (%) with: 

Genotype 
5 

pairs 
10 

pairs 
15 

pairs 
20 

pairs Mean 
100 

nymphs 
250 

nymphs 
500 

nymphs Mean 

Resistant 
IS 17610 
IS 17645 

11.71 
10.8 

16.2 
11.4 

14.7 
12.7 

15.5 
16.2 

14.4 
12.6 

60.72 
67.1 

50.3 
43.1 

34.4 
36.9 

48.4 
49.0 

Moderately resistant 
IS 2761 
IS 9692 
IS 17618 

9.3 
16.7 
26.9 

10.9 
12.9 
22.7 

12.9 
8.8 

24.2 

12.7 
7.1 

17.0 

11.5 
11.4 
22.6 

70.8 
74.5 
78.0 

63.8 
47.6 
81.6 

62.4 
40.9 
59.6 

65,7 
54.4 
74.1 

Susceptible 
CSH 1 19.5 17.1 25.3 22.2 21.0 66.8 58.6 49.1 63.1 
Mean 15.7 15.1 16.4 15.1 69.6 58.6 49.1 
SEs for comparing: 
Genotypes 
Infestation level 
Genotype x Infestation level 

±0.56 
±0.61 
±1.12 

±2.82 
±2.18 
±4.88 

1. Figures are the square root transformed 
2. Figures are angular transformed values. 

values of numbers panicle-. 

neem oil (0.1, 0.2, and 0.5%), neem fraction 'G' (percentage length), infestation levels (number
(0.2%), and malathion for head bug control, of borer larvae 10 plants-'), and foliar damage
Malathion was significantly superior to neem in (on a 1-9 scale). Only one line, 83 SR/ KAT/384
reducing the head bug population and increasing was resistant in all four tests. 
grain yield. 

Plant Improvement 
Eastern Africa ICRISAT Center 

Stem Bore (CRISATarCenter
Stem Borer (Chio partellus) Photoperiod-sensitive Landrace Conversion 

In collaboration with the International Center We completed the first backcrossing of 26 F4for Insect Physiology and Ecology 134 lines were early, dwarf, and landrace type selections, with
evaluated for resistance to stem borer under arti- original Kaura and Guineense landraces in 1985
ficial infestation at ICIPE's, Mbita Point Field postrainy season (ICRISAT Annual Report
Station, Kenya. 1985, p.48) and advanced the selections to F5 .

The test material included genotypes from During the rainy season, we evaluated 26 F5very dry regions, and low elevations and inter- progenies for their expression of early, and
mediate/high elevation zones. We measured dwarf features and made 75 individual plant
deadheart (percentage plants), stem-tunneling selections. 
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We also initiated conversion of eight white-
grain Farafara landraces (IS 24706, IS 24721, IS 
24722, IS 24728, IS 24741, IS 24-743, IS 24756. 
and IS 24759) from Nigeria. These were crossed 
with 3 early, dwarf genotypes. In order to iden
tify donor parents with early, dwarf, and photo-
period-insensitive traits, we evaluated a set of 80 
germplasm accessions (Fig. 10). Based on visual 
scores for agronomic characters we selected 10 
lines for further evaluation in the postrainy 
season. 

Multifactor Resistant Populations (MFR) 

We cont.nued with further advancement of the 
MFR population-base materials. When devel-
oped, each population is expected to have resis-

tances to a set of diseases and insect pests that are 
important in major sorghum-growing areas 
of the SAT (ICRISAT Annual Report 1985, 
pp.48-49). 

BR/MFl population-base material. We grew 
408 S, selections from the BR/NIFR popula
tion-base material in the postrainy season 1985/86 
at ICRISAT Center and in the dry season of 
1986 at Bhavanisagar and selected 191 S2s. We 
bulk crossed the 408 S, progenies with lines 
selected for the following; good agronomic cha
racters combined with temperature insensitivity 
(39), photoperiod-sensitivity (22), resistance to 
shoot fly (9), and Striga (2). We also included 
breeding lines that are adapted to the postrainy 
season (131), and F~s (98) between postrainy
adapted, and agronomically elite lines. The 

Figure 10. Tall photoperiod.:.ensitive sorghum landraces (background) under conversion using dwarf 
and early source lines (foreground), ICRISAT Center, postrainy season 1984/85. 

42 
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Table 8. Agronomic performance of the selected S2 sorghum progenies of the R/MFR population
base material evaluated at two Indian locations, rainy season 1986. 

Time to 50% 
flowering Plant height Plant Grain yield 

(days) (i) aspect 2 (t ha - 1) 
Pedigree BJ IC, B IC B IC B IC Mean 
R/MFR-S2 88 71 2.4072 2.33 2.0 2.5 7.36 4.93 6.14
R/MFR-S, 118 64 66 1.78 2.15 1.0 3.0 7.10 4.60 5.85R/MFR-S2 83 7371 2.18 2.05 1.0 3.5 7.03 4.32 5.67
R/MFR-S2 22 66 71 1.88 2.25 1.0 3.0 6.60 4.72 5.66
R/MFR-S, 78 68 70 2.25 2.35 2.0 3.0 6.57 4.49 5.53 

R/MFR-S, 73 71 71 2.03 2.05 2.0 2.5 5.58 5.03 5.31
R/MFR-S, 35 72 72 1.78 1.95 1.0 1.5 5.64 4.87 5.25
R/MFR-S2 59 70 73 2.20 2.15 1.5 2.0 5.57 4.43 5.00
R/MFR-S2 107 73 1.0773 2.05 2.5 1.5 5.90 3.80 4.85
R/MFR-S2 115 68 71 2.15 2.35 1.5 2.0 5.42 4.32 4.87 

R/MFR-S2 150 70 73 2.00 1.85 1.5 2.0 4.97 4.74 4,86
R/MFR-S 2 37 70 72 t.68 2.00 1.0 2.0 5.29 3.97 4.63
R/MFR-S, 105 7469 1.95 1.90 2.0 1.5 5.35 3.87 4.61
R/MFR-S2 171 72 71 1.88 2.00 2.0 1.0 4.22 4.91 4.57
R/MFR-S, 58 71 71 1.93 2.10 2.0 1.5 4.89 4.23 4.56 

R/MFR-S, 45 70 2.0071 1.75 1.5 1.5 4.63 4.24 4.43
R/MFR-S, 112 72 71 1.80 2.00 1.5 1.5 4.93 3.68 4.30
R/MFR-S2 103 Ur 71 1.75 2.10 1.5 1.5 5.13 3.13 4.13
R/MFR-S 2 184 83 75 2.051.83 2.5 1.0 4.22 3.85 4.04
R/MFR-S2 95 69 72 2.03 2.10 2.5 1.5 4.01 3.82 3.92 

R/MFR-S2 156 71 1.6571 1. 5 2.0 1.5 3.82 3.28 3.55
R/MFR-S, 165 75 75 2.18 1.95 2.0 1.5 3.68 3.32 3.50
R/MFR-S2 181 77 74 1.90 2.15 2.0 1.5 3.04 3.80 3.42
R,/MFR-S 2 53 75 1.8874 1.80 2.0 1.0 3.06 3.77 3.41 

Controls
 
ICSV 112 (SPV 475) 71
75 1.63 1.75 1.5 2.0 5.83 4.28 5.06
ICSV 166 71 70 1.80 1.80 1.0 2.0 4.67 4.17 4.42
CSH 6 60 59 1.50 1.90 1.0 2.0 4.44 2.95 3.70 
SE ±1.9 ±1.1 ±0.15 ±0.10 ±0.6 ±0.5 ±0.77 ±0.42
 
Trial mean (199 entries) 73 73 1.95 
 2.06 2.3 2.7 4.16 3.58 3.87 
Selected mean (24 entries) 72 2.0271 1.95 1.7 1.9 5.17 4.17 4.67 
CV(%) 4 2 II 7 39 25 26 17 

I. Randomized complete block design with 2 replications.
2. Plant aspect assessed on a I-5 scale, where I =most desirable and 5 : least desirable.
3. B = Bhavanisagar, Tamil Nadu, plot size 4 M2 

, Alfisol, high fertility (N 80:P 30:K 30).
4. IC= ICRISAT Center, Andhra Pradesh, plot size 6 m2 , Vertisol, high fertility (N 86:F 40:K 0). 
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resulting half-sibs, and S2s are being evaluated and 9 panicles that are moderately resistant to 
at ICRISAT Center in the postrainy season grain mold. We also evaluated S, progenies 
1986/87. derived from resistant sources x B/ MFR crosses 

for their agronomic eliteness, and selected 397 
R/MFR population-base material. We grew Ss. We are growing all this selected material in 
967 S, selections from the R/M FR population- the postrainy season 1986/87 for recombination. 
base material in the postrainy season 1985/86 at 
ICRISAT Center and in the dry season in 1986 Derived lines. We conducted an observation 
at Bhavanisagar and selected 195 S2s. We yield- nursery comprised of 149 families derived from 
tested these in replicated trials at ICRISAT Cen- advanced cycles of our improved populations 
ter and 3havanisagar in the rainy season 1986. and selected 64 individual plants for furthereva-
Table 8 gives the performance of the selected S, luation and 21 families for replicated postrainy 
progenies. The mean grain yield of all S, progen- season yield trials. We included, in the selection 
ies in the trial was 3.78 t ha - I while the mean of criteria, such traits as high seedling vigor, long
 
the selected S s was 4.67 t ha - I. We also screened internodes, nonsenescence, and round and semi
195 Ss in the yield-testing trial for resistance to corneous bold grain with cream colored pericarp.
 
various yield-limiting factors and selected those We evaluated 370 advanced generation lines
 
resistant to shoot fly (1), stem borer (3), midge and 76 S4 progenies (US/ R and US/ B popula
(3), and with good seedling emergence through tions) in the dry season and selected 366 individ
soil crust (2). We also screened S~s derived from ual plants for rainy season adaptation. We eval
resistant sources x R/MFR crosses for resis- uated these selections again during the rainy
 
tance to stem borer and midge and selected 80 season, and selected 107 individual plants for
 
individual stein borer-free S2 plants, and 46 S, screening nurseries and 16 bulks for replicated
 
panicles that arc moderately resistant to grain yield trials. In the selection criteria, under rainfed
 
mold. We also evaluated S, progenies derived conditions, we included grain yield, semi-lax to
 
from resistant source x R/ M FR crosses for their compact earhead, medium to bold semi-corneous
 
agronomic eliteness and selected 379 Ss. We are grain and tan plants with a range of height and
 
growing all this selected material in the postrainy maturity.
 
season 1986/87 for recombination.
 

B/MFR population-base material. We grew
 
390 S, selections from the B/ MFR population- Evaluating Advanced Elite Varieties
 
base material in the postrainy season 1985/86 at
 
ICRISAT Center and in the dry season 1986 at We yield-tested 205 elite varieties during the
 
Bhavanisagar and selected 195 S2s. We yield- 1985 rainy season in two separate trials at five
 
tested these in replicated trials at ICRISATCen- Indian locations. Yield data of selected high
ter and Bhavanisagar in the rainy season 1986. yielding varieties from the first trial of 36 entries
 
Table 9 gives the performance of selected S, are given in Table 10. These varieties were
 
progenies. The mean grain yield of all S, progen- derived from diverse parents such as M 35-1, M
 
ies in the trial was 3.49 t ha-' while the mean of 1009, IS 9562, IS 12611, PS 18601, IS 20509, E
 
theselected S2 swas4.24t ha-1 . We alsoscreened 35-1, ICSV I (SPV 351). The selected varieties,
 
the 195 selected Ss in the yield trial for various ICSV 295 and ICSV 233 were highly productive
 
yield-limiting factors and selected S2s resistant with grain yields of4.97 and 4.93 t ha-' whilethe
 
to shoot fly (3), stem borer (2), and good seedling control variety, ICSV 112 (SPV 475) yielded
 
emergence through soil crust (3). We also screened 4.13 t ha-' (Table 10). Another selected variety,
 
Sis derived from resistant sources x B/MFR ICSV 298, yielded well and showed resistance to 
crosses for resistance to stem borer and grain shoot fly (21% deadhearts as against 45% in the 
mold and selected 69 stem borer-free S2 plants susceptible hybrid control, CSH 1). 
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Table 9. Agronomic performance of the selected S2 sorghum progenies of the B/MFR population
base material evaluated' at two Indian locations, rainy season 1986. 

Time to 50% Plant Grain yield
flowering (days) Plant height (m) aspect 2 (t ha-1) 

Pedigree IC 4B- B IC B IC B IC Mean 
B/MFR-S2 164 84 77 1.95 1.93 2.0 3.0 6.03 4.47 5.25
B/MFR-S2 189 71 2.1072 1.85 3.5 4.0 5.51 4.61 5.06
B/MFR-S, 183 75 70 2.10 2.08 3.0 3.5 3.44 6.22 4.83
B/MFR-S, 33 71 71 1.83 1.80 2.5 4.0 4.93 4.37 4.65
B/MFR-S, 69 71 1.8078 1.78 2.0 2.5 4.54 4.77 4.66 

B/MFR-S, 158 74 69 1.88 1.90 2.0 3.0 4.04 5.14 4.59
B/MFR-S, 3 66 2.0069 1.90 1.0 3.5 5.17 4.01 4.59
B/MFR-S 2 49 76 70 1.49 1.63 1.0 2.5 5.32 3.81 4.56
B/MFR-S 2 76 71 68 1.19 1.93 2.0 3.0 4.10 5.02 4.56
B/MFR-S, 137 69 68 2.00 1.70 1.0 2.0 4.76 4.06 4.41 

B/MFR-S, 6 71 1.8573 1.83 1.5 2.5 3.61 5.08 4.35
B/MFR-S, 107 70 70 1.94 1.88 3.0 3.0 3.58 5.08 4.33
B/MFR-S, 48 78 74 1.68 1.73 2.0 2.5 4.24 4.34 4.29
B/MFR-S, 184 74 1.8577 1.64 2.0 2.5 3.10 5.10 4.10
B/MFR-S, 167 77 71 1.81 1.90 2.0 2.0 2.83 5.25 4.04 

B/MFR-S, 162 73 1.90 2.576 1.80 1.5 2.93 5.15 4.04
B/MFR-S2 40 76 73 1.58 1.80 1.0 2.5 4.01 4.00 4.01
Bi MFR-S, 122 68 1.6071 1.37 1.5 1.5 3.44 4.46 3.95
B/MFR-S 2 65 71 69 1.60 1.75 1.5 2.5 4.18 3.64 3.91
B/MFR-S, 42 69 62 1.39 1.50 2.5 2.5 4.54 3.25 3.90 

Bi MFR-S 2 128 76 73 1.58 1.38 1.5 2.5 3.78 3.73 3.75
B/MFR-S2 181 71 70 1.61 1.58 1.5 1.5 3.97 3.43 3.70
B//MFR-S2 160 69 1.7372 1.54 1.5 2.0 3.17 4.06 3.61
B/MFR-S2 16 75 72 1.71 1.70 1.0 1.5 2.68 4.31 3.50
B/MFR-S, 63 80 72 1.65 1.60 2.0 1.0 3.25 3.63 3.44 

Controls
 
296B 
 72 72 1.29 1.30 1.0 1.5 4.83 4.03 4.43
MR 841 75 70 1.74 1.68 1.5 2.5 3.22 3.98 3.60
2077B 76 72 1.32 1.20 1.5 2.5 2.29 1.70 2.0 

SE ±2.1 ±1.0 ±0.14 ±0.08 ±0.6 ±0.5 ±0.58 ±0.49 -
Trial mean (199 entries) 76 72 1.82 1.85 2.3 3.0 3.12 3.87 3.49 

Selected mean (25 entries) 74 70 1.71 1.79 1.8 2.6 4.05 4.44 4.24 
CV(%) 4 I1 352 6 21 26 18 -

I. Randomized complete block design with 2 replications.
2. Plant aspect assessed on a I-5 scale, where I = most desirable and 5 = least desirable. 
3. B = Bhavanisagar, Tamil Nadu, plot size 4 M2 , Alfisol, high fertility (N 80:P 30:K 30).
4. IC ICRISAT Center, Andhra Pradesh, plot size 6 M2, Vertisol, high fertility (N 86:P 40:K 0). 
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-
Table 10. Mean grain yield (t ha1)of selected sorghum varieties evaluated' at five Indian locations, 
rainy season 1986. 

Locations 2 

Entry 	 Pedigree 1 2 3 4 5 Mean 

ICSV 295 [(M 35-1 M 1009)-3-2-i ,6Fs's]-5-1-4-1-1 6.63 4.23 2.92 3.74 7.31 4.97
 
ICSV 233 [IS 9562 , (IS 12611 - SC 108-3)1-3-2-2-5-1 5.84 4.44 2.30 4.50 7.59 4.93
 
ICSV 361 (PS 18601 ,SPV 351)-32-2-1-1 5.36 3.97 2.71 5.23 6.38 4.73
 
!CSV 331 (PS 21143 ,E 35-1)-2-2-3-1 5.83 4.45 2.25 4.04 7.03 4.72
 
ICSV 234 [IS 20509 (IS 12611 ,SC 108-3)]-l-1-2-4-3 6.60 4.05 1.93 3.99 6.94 4.70
 
ICSV 298 [(M 35-1 M 1009)-3-2-1 , 6F5's]-5-1-4-2 5.91 4.37 2.02 3.41 7.49 4.64
 

AICSV 272 [(M 35-1 M 1009)-3-2-1 6F15's]-5-2-3-1-1 5.78 4.01 2.70 3.75 6.89 4.63
 
ICSV 273 [(M 35-1 M 1009)-3-2-1 x 6F1'5 s]-5-2-3-1-2 5.67 3.96 2.46 3.82 7.01 4.58
 

Controls 
-
ICSH 153 1 296A x (SC 108-3 x CSV 4)-27-2-1 6.99 5.04 3.37 6.03 8.07 5.90 

(CSH 11) 
CSH 93 296A xCSV 4 	 7.06 4.81 2.78 5.35 7.12 5.42 
ICSV 112 [(IS 12622C , 555)(IS 3612C ,2219B)-5-1 6.00 3.32 2.51 2.09 6.74 4.13 
(SPV 475) ,E 35-1]-5-2 

SE 	 ±0.27 ±0.28 ±0.22 ±0.41 ±0.28 ±0.13 

Trial mean (36 entries) 	 5.58 3.62 2.19 3.59 6.62 4.32 

CV(%) 	 8 13 17 20 7 -

Efficiency (%) 	 96 97 112 101 102 

I. 	6 x6 triple lattice design. 
2. 	Locations: 

I = ICRISAT Center, Andhra Pradesh, plot size 12 m2,Vertisol, high fertility (N 86:1 40:K 0).
2
2 =ICRISAT Center, Andhtra Pradesh, plot size 12 m ,Vertisol, high fertility (N 40:! 40:K 0).
23 =ICRISAT Center, Andhra Pradesh, plot Size 12 tn , Alfisol, low fertility (N 43:11 20:K 0). 

2,
4 = tlhavanisagar, Tamil Nadu, plot size 8 n Alfisol, high fertility (N 80:P 30:K 30).
 
5 = Dharwad, Karnataka, plot size 7.2 n-, Vertisol, high fertility (N 100:P 60:K 60).
 

3. 	Hybrid controls. 

In the 2nd trial, we evaluated 169 varieties developed for adaptation to rainy and postrainy 
including three controls, CSH II and CSH 9 seasons. 
(hybrids) and ICSV 112 (SPV 475) (variety). For the rainy season, we observed 250 test-
Sixteen varieties outyielded the control variety, crosses and selected 20 agronomically superior 
ICSV 112. The selected varieties varied in days nonrestorer lines for conversion to male steriles. 
to 50% flowering (64-71 days). The best grain- We also evaluated 49 F, progenies involving BxB 

-
yielders with over 4.3 t haI were ICSV 543, (single plants) and BxR×xB (three-way) crosses, 
ICSV 535, ICSV 401, ICSV 404, and ICSV 430 and selected 366 F3 for testcrossing. 
while the control variety, ICSV 112 (SPV 475) We evaltated 116 A and B pairs for postrainy
yielded 3.94 t ha-1. season adaptation during the dry season at Bha

vanisagar, and selected 167 backcrossed plants 
Female Parents (Male-steriles) for Hybrids (4th and 5th generations). From these, during 

the 1986 rainy season, we selected 42 pairs for 
Milo cytoplasm. New female parents are being postrainy-season adaptation based on such traits 
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as grain size, height, and nonsenescence, and 50 F, hybrids made between the nonmilo cytoplasmpairs for rainy season adaptation, based on high females and the germplasm lines as males, we
grain yield. From the evaluation of 117 A and B selected 130 germplasm lines that restored fcrtil
pairs in 1985 rainy season, we selected 15 pairs ity on A2 cytoplasm, 95 on A3, and 25 on Malfor their bold (100-grain mass >3 g) semicorne- dandi. These germplasm lines have been crossed 
ous grain and height (2.0-2.5 m). We produced again to nonmilo cytoplasm females to confirm
hybrids by crossing these A lines with selected their ability to restore fertility. 
restorers. 

Nonmilo cytoplasm. The lack of fertility resto- Hybrid Evaluation 
ration on nonmilo sources (A2, A3, and Mal
dandi) prevents their use in commercial hybrid We made 306 hybrids using 45 of our new maleproduction. From preliminary evaluation of921 sterile lines and 63 restorer lines and 5 hybrids on 

Table 11. Mean grain yield (t ha-') of selected sorghum hybrids evaluated' at five Indian locations, 
rainy season 1986. 

4 = 

Locations2 

Entry Pedigree 1 2 3 4 5 Mean 
ICSH 281 
ICSYt 109 

296A 
296A 

(SC 108-3 Diallel)-21-2-3-3 
[(SC 108-3 , E 35-1) CSV 4] 

5.11 
5.78 

5.86 
6.48 

3.77 
4.00 

5.27 
4.33 

7.39 
6.53 

5.48 
5.42 

-2-2-1-1 
ICSH 310 
ICSH 301 
ICSH 336 
ICSH 319 

ICSA 32 , (SC 108-3 x CSV 4)-27-2-1 
ICSA 30 , (SC 108-3 x CSV 4)-27-2-1 
ICSA 40 x(SC 108-3 , 1,18)-18-4-1 
ICSA 35 x (SC 108-3 , 148)-18-4-1 

5.55 
4.85 
4.78 
4.81 

6.32 
5.63 
5.94 
5.92 

3.11 
2.70 
3.96 
3.50 

3.69 
6.46 
5.55 
4.69 

7.29 
5.96 
6.02 
6.66 

5.19 
5.12 
5.12 
5.11 

Controls 
Hageen ATX 623 x Karper 1597 4.19 3.98 2.40 5.79 5.22 4.31 

Durra I 
ICSH 153 296A - (SC 108-3 , CSV 4)-27-2-1 5.14 6.14 4.16 4.88 6.77 5.42 
(CSH 11)

CSH 9 
ICSV 112 .1 

(SPV 475) 

296A - CSV 4 
[(IS 12622C 555)(IS 3612C 

-5-1 , E 35-IJ-5-2 
x 2219B) 

5.19 
4.48 

5.24 
4.31 

3.67 
2.98 

4.22 
2.85 

6.83 
6.31 

5.03 
4.19 

CSH 6 2219A x CSV 4 4.08 4.16 1.69 4.70 5.82 4.09 
SE ±0.22 t0.25 ±0.30 ±0.56 t0.31 ±0.16 
Trial mean (36 entries) 4.75 5.39 3.03 4.49 6.22 4.77 
CV (%) 8 8 17 22 9 -
Efficiency(%) 96 95 104 II 130 

1. 6 x6 triple lattice design. 
2. Locations. 

I = ICRISAT Center, Andhra 2Pradesh, plot size 12 m , Vertisol. high fertility (N 86:1 40:K 0).
2 = ICRISAT Center, Andhra Pradesh, plot size 12 m2, Vertisol, high fertility (N 40:P 40:K 0).3 = ICRISAT Center. Andhra Pradesh, plot size 12 m2 , Alfisol, low fertility (N 43:1) 20:K 0).

Bhavanisagar, Tamil Nadu, plot size 8 rn 2, Alfisol, high fertility (N 80:11 30.K 30).
5 = Dharwad, Karnataka. plot size 7.2 M2, Vertisol, high fertility (N 100:P 60:K 60).

3. Variety control. 
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296A, a male-sterile line developed by the Indian can team, and the national programs of Nigeria, 
National Program. We evaluated these 311 The Gambia, and Mali were evaluated in obser
experimental hybrids in 3 separate trials during vation nurseries sown at Farako-Bai in compari
the 1986 rainy season, at various Indian loca- son with local controls. We selected 70 lines for 
tions. l)ata on the agronomic performance of further yield testing and use in crossing pro
the most productive hybrids are presented in grams. Several of the,- lines combined high lev-
Tables II and 12. The hybrids ICSH 310, ICS H els of resistances to leaf diseases and midge with 
301, ICSH 336, and ICSH 319 involving new good grain quality and agronomic characters. 
male steriles, yielded as well as the released These will serve as a good base for breeding 
commercial hybrids, CSI-I 9 and ICSH 153 programs in the Northern Guinean Zone. 
(CSI I1) (Table II). The major criteria used to 
select these hybrids for further evaluation is 
higher sced production. The selected hybrids Preliminary Variety Yield Trials 
presented in Table 12 produced significantlk 
higher grain yield when compared to the corn- In an attempt to identify superior early maturing 
mercial hybrids, CSIH 9 and ICSH 153 (CSH varieties suitable for July sowing in the Northern 
II1). Guinean Zone, we grew replicated yield trials at 

two representative locations (Farako-Ika Research 
Station and Koho village) using 30 elite varieties 

West Africa identified during 1985. On average, the hybrid 

control, ICSII 153 (CSH 11) gave the highest 
Germplasin Evaluation grain yield (2.71 t ha- I) followed by the varieties 

Framida (2.59 t ha-') and ICSV 2 (SPV 386)
We continued our efforts to identify diverse (2.51 t ha-'). The local variety (inofing gave the 
germplasm accessions that would contribute to lowest yield ( 1.7 t ha-I). ICSV 247 and ICSV I I 
sorghum improvement in the Northern Guinean also yielded well. 
Zone. We evaluated 70 selected germplasm lines Five preliminary trials consisting ofI 16 entries 
at Farako-135 from 79 previously selected as for ti Sudanian Zone, were evaluated at Kam
resistant to various leaf diseases, and with good boins3 and Farako-l1a. These entries were 
grain quality (ICR ISAT Annual Report 1985, p. obtained from the Striga breeding program, and 
57). We used early maturing improved, and late- also from selections from the backcrossing pro
maturing local varieties as controls, in replicated gram. We identified a number of high-yielding 
trials sown on 14 .June and 14 July. Based on genotypes(ICSV 1082 BF, ICSV 1083 BF, ICSV 
their average grain yield and reaction to pests 1087 BF, ICSV 1084 BF, ICSV 1089 BF, ICSV 
and diseascs for the 2nd consecutive year, we 1088 BF, ICSV 1085 BF, ICSV 1142 BF, ICSV 
selected 12 entries for advanced yield tests. Ten 1091 IF, and ICSV 1143 BF). Two of these 
accessions (IS 956, IS 3555, IS 9225, IS 9738, IS combined high yield with resistance to grain 
9672, IS 20129, IS 20130. IS 21658, IS 21609, mold and several leaf diseases. They are ICSV 
and IS 21629) were the least susceptible to leaf 1089 BF (2.35 t ha-' compared to 2.10 t ha-' for 
diseases. Six accessions (IS 6991, IS 3573, IS ICSV 1002 BF,the control) and ICSV 1091 1F 
9928, IS 69.,8, IS 23141, and IS 13922) exhibited (1.87 t ha-' compared to 1.6t ha -I forSPV 35, the 
no midge damage and were selected for further control). Another selection, ICSV 1143 BF, 

testing in 1987. combined high yield with resistances to grain 
mold, head bugs (Eurystylus inarginatus), and 

Observation Nurseries leaf diseases with the exception of grey leaf spot 
(Cercospora sorghi). ICSV 1144 BIF, ICSV 1145 

Breeding lines (674) introduced from ICRISAT BF, and ICSV 1146 BF also showed good levels 
Center, ICRISAT's Mexico and Central Ameri- of resistance to head bugs. 



Table 12. Performance of selected experimental sorghum hybrids evaluated' at three Indian locations, rainy season 1986. 

Time to 50V 
flo\ering (days) Plant height (m) Grain yield (t ha -') 

Entry Pedigree 1 2 3 1 2 3 I 2 3 Mean 
ICSH 434 
ICSH 459 
ICSH 381 

ICSA 9 - [(148 - E 35-1) x CSV 4]-5-3-4-1 
ICSA 24 x (IS 20509 - SPV 471)-4-2 
ICSA I [MR 840 (20778 , IS 9327) 

64 
65 
68 

65 
63 
66 

66 
66 
65 

1.60 
1.36 
1.66 

1.60 
1.50 
1.54 

1.86 
1.56 
1.66 

5.26 
5.98 
4.71 

5.78 
4.60 
5.12 

5.39 
5.68 
6.25 

5.48 
5.42 
5.36 

ICSH 444 
-7-1-3-2 x (R 27 x R 2797)]-15-2-2-2

ICSA 31 x [SAFRA (SC 108-3 E 35-1) 61 63 6 3 1.63 1.94 1.99 5.76 5.05 5.22 5.34 

ICSH 418 
CSV 4]-3-4-2-4-2

ICSA 17 - [SPV 352 x (CK 60B IIS 84)]-4-1 64 65 65 1.75 1.91 1.91 4.67 5.75 5.53 5.32 

Controls 
ICSH 153 296A x (SC 108-3 - CSV 4)-27-2-1 67 65 66 1.92 1.86 2.04 3.89 5.71 6.51 5.37 
(CSH 11)

CSH 9 
ICSV 1123 

296A x, CSV 4 
[IS 12622C x 555)(IS 3612C x 2219B) 

68 
75 

64 
72 

66 
71 

1.75 
1.50 

1.74 
1.75 

1.95 
1.78 

2.10 
1.06 

5.23 
2.79 

6.03 
3.99 

4.45 
2.61 

(SPV 475) -5-1 x E 35-1]-5-2 

SE ±1.3 ±9.8 ±1.1 ±0.8 ±0.5 -0.6 ±0.6 ±0.4 ±0.6 ±0.3 
Trial mean (144 entries) 65 64 64 1.65 1.84 1.94 4.10 4.52 4.64 4.42 
CV(%) 3 2 2 7 4 5 20 13 18 13-20 
Efficiency (%) 118 101 96 121 102 104 i0l 135 114 101-135 

ICSH 574 
ICSH 542 

ICSA 42 
ICSA 28 

- (CSV 4 ,, GG - 370)-2-1-1-6-2 
, [(IS 19614 (148 , E 35-1) 

68 
67 

69 
65 

72 
67 

1.92 
1.51 

1.90 
1.40 

1.76 
1.62 

7.29 
7.18 

3.67 
3.58 

2.88 
3.03 

4.61 
4.60 

ICSH 638 
ICSH 528 
ICSH 548 

-1I-1 x CSV 4]-5-3-2-2
ICSA 37 x (SPV 652 , (SC 108-3 x CSV 4)]-2-1 
ICSA 32 x [(MR 840 x NIB 4) x R 2797]-15-3-2 
ICSA 38 - [SPV 352 - (CK 60B - IS 84)]-6-4-3 

67 
69 
69 

70 
68 
66 

69 
69 
66 

1.81 
1.90 
1.90 

1.84 
1.80 
1.99 

1.97 
1.82 
2.06 

6.55 
7.05 
5.93 

3.64 
3.87 
4.48 

3.25 
2.43 
2.93 

4.48 
4.45 
4.45 

Controls 
CSH 9 
ICSH 153 

296A x CSV 4 
296A - (SC 108-3 x CSV 4)-27-2-1 

71 
68 

66 
67 

68 
68 

1.82 
1.87 

1.80 
1.64 

1.88 
1.74 

5.41 
5.34 

4.00 
3.07 

2.40 
2.86 

3.94 
3.76 

(CSH 11) 

Conlinued 
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Advanced Variety Yield Trials 

The short-duration advanced trial consisted of 
25 varieties and two controls, ICSV 1002 BF and 
ICSV 16-5 BF. Most of the entries flowered 
between 60 and 70 days. The few selected varie

that had higher grain yields than the controls 
reported in 'Fable 13. Their superiority in

grain yield over the controls was significant at 
Kamboins& but not at Farako-BA. Their yield 

were similar to those of the controls under 
low management, and in a Striga sick plot at 
Kamboins6. All the selections exhibited good
seedling establishment tinder low management. 
Head bug incidence was very high, ICSV 16-5 
BF was least damaged. Many ofthe lines showed 
excellent levels of resistance to most of the com
mon West African leaf diseases except oval leaf 
spot (Ramulispora sorghicola). None of the 
selections were resistant to grain mold, but the 
control ICSV 16-5 BF, was less susceptible than 
the others. 

medium-duration advanced trial consisted 
of 25 varieties including the control, ICSV 1002 
BF. All the entries flowered between 70 to 80
days. We selected 6 varieties on the basis of their 
overall performance, their results are presented 
in Table 14. Under low management ICSV 1063 
BF, ICSV 1098 BF, and ICSV 110 BF significantly outyielded the control. Under good man
agement at Kamboins& and Farako-Ba ICSV 
1063 BF and ICSV 1110 BF also significantly 
outyielded the control. Another selection, ICSV
1108 BF yielded well and had combined resis
tances to grain mold and many leaf diseases. The 

selections exhibited good seedling establishment 
nder low management, but their levels of resis

tance to head bug and grain moid need to be 
improved. 

In other advanced trials, ICSV 1095 BF
showed resistance to leaf diseases and grain 

and ICSV 1147 BF, ICSV 1148 BF, and 
35 control were less damaged by head bug. 

Hybrid Evaluation 

We observed 454 preliminary hybrids sown in 
mid-July along with their parents and early mat
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Table 13. Performance of selected short-duration, advanced, elite sorghum varieties at Kamboinse 
and Farako-Bi, Burkina Faso, rainy season 1986. 

Time Mean 

Locations and grain yield (t ha-J) to 50% seedling 
flower- estab.(%) Head Grain 

KB5 F KB KB ing KB bug3 mold 4 

Genotype GM GM LM ST Mean (days) LM KB KB 
ICSV 1002-1 BF 2.96 2.18 1.43 1.93 2.13 65 85 3.7 5.0
ICSV 1002-2 BF 3.06 2.28 1.50 1.45 2.07 67 91 3.7 4.3
ICSV 1002-3 BF 3.28 2.00 1.20 1.41 1.98 63 84 3.4 4.5
ICSV 1014-1 BF 2.84 2.06 1.72 1.23 1.96 60 92 3.3 4.3 

Controls
 
ICSV 16-5 BF 
 2.13 2.51 1.65 1.50 1.94 76 94 2.4 3.5
ICSV 1002 BF 1.93 2.25 1.50 - 1.89 78 88 3.8 3.8 
SE ±0.33 ±0.17 ±0.19 ±0.33 ±2 ±6 ±0.23 ±0.25 
Trial mean 2.27 2.04 1.30 1.13 67 86 3.6 3.9 
(25 entries) 
CV(%) 	 25 
 14 26 41 	 6 12 11 14 

Efficiency (%) 100 183 176 

1. 	5 , 5 balanced lattice, plot size 7.5 m! in Kamboins 2(GM and LM) and Farako-BA (GM). Checkerboard design, plot size 6 m 
in Kamboins6 Striga sick plot.

2. 	 Mean seedling establishment (%)was estimated by the proportion of hills with at least one seedling over the total number of 
hills sown. 

3. 	 Based on a I to 5 scale,where I z normal grain with a few feeding punctures, <10% grains with eggs, and 5 = grain highly
shrivelled and tanned, and >60% grains with eggs.

4. 	 Based on a I to 5 scale, where I = no m.old, and 5 = more than 50% grain surface area molded. 
= Kamboins6, F13 GNJ5. 	 KB = Farako-Bi, M Good management (soil plowed and fertilizer applied), LM =Low management (no

plowing and no fertilizer), ST Striga sick plot. 

uring control varieties, at Farako-B5t. The hybrids varieties including a local variety used as con
produced from crosses involving disease-resistant trol, in two villages, Koho and Kolbila, in Bur
parents identified last year (ICRISAT Annual kina Faso. The treatments included two man-
Report 1985, p. 61) were generally free from leaf agement practices, and two sowing dates. Our
diseases and showed no symptoms of lodging, yield data indicated that in both villages theFemaie parents ICSA 1. ICSA 2, ICSA 11, improved management treatmentsthatincluded 
ICSA 26, ICSA 38, and ICSA 40 that were plowing and fertilizer application significantly
introduced from ICRISAT Center combined improved yield over the traditional management
good levels of leaf disease resistance with high treatment that did aot have these inputs. ICSV
grain yield. We selected 30 hybrids for advanced 16 BF and ICSV 1049 BF performed very well in
tests. both the villages as compared to the local con

trol. ICSV 16 BF, however, had harder endos
perm, and better food quality than ICSV 1049

On-farm Testing BF. 
The results of farmer-managed trials in Kol-During the 1985 rainy season we evaluated 9 bila, Pabre, and Kamboins6 villages during 1986 
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Table 14. Performance of selected medium-duration advanced, elite sorghum varieties at Kamboins6 
and Farako-BA, Burkina Faso, rainy season 1986. 

Time Mean 

to 50% seedlingLocation and grain yield (t ha-')' 
flower- estab.(%) 2 Head Grain 

KB -FB KB KB ing K1B bug ' mold4 
Genotype GM GM LM ST Mean (days) LM KB FB 

ICSV 1063 BF 2.49 2.67 1.74 1.77 2.17 76 81 3.6 4.1
 
ICSV 1093 BF 2.61 2.71 1.47 1.76 2.14 70 98 3.6 3.8
 
ICSV 1098 BF 2.61 2.55 1.73 I.(6 2.14 71 85 3.8 3.3
 
ICSV 1108 BF 2.31 3.08 1.47 1.26 2.03 73 94 3.8 3.1
 
ICSV 1109 BF 2.73 2.34 1.45 1.52 2.00 70 92 3.5 4.1
 
ICSV i110 BF 1.57 2.33 1.89 1.40 2.01 77 87 3.6 3.4 
coattfoi 

ICSV 1002 BF !.86 2.19 1.06 - 1.70 81 80 3.5 3.7 

SE 	 ±0.27 ±0.26 -0.20 ±0.30 x2 ±6 ±0.18 ±0.24 
Trial mean (25 entri.,s) 2.19 2.47 1.37 1.25 74 88 3.6 3.8 

CV (%) 	 21 19 25 34 4 11 9 14 

Efficiency (%) 102 111 140 

1. 5 5 balanced lattice, plot size 7.5 m2 inKamboinse'(GM and l.ijiand Farako-Bg(GM), Checkerboard design, plot size 6m 2 

in Kamhoinse" Striga sick plot.
2. 	Mean seedling es ablishment (%)was estimated by the proportion of hills with at least one seedling over the total number of 

hills sown. 
1. 	Based on a I to 5 scale,where I =n3rmid grain with a few feeding punctures. <10% grains with eggs, and 5=grain highly


shrivelled and tanned, and "u6V(Y graits with eggs.
 
4. 	Based on a I to 5scale, where I =no mold and 5= inore than 50% grain surface area molded. 
5. KB : Kamboins. [1 --Farako-IT., GM : Good management (soil plowed and fertilizer applied), L.M =Lowmanagement (no

plowing and no fertilizer), ST : Striga sick plot. 

clearly demonstrated the superiority of ICSV during the crop season, we selected 313 hybrids
16-5 BF(a selection from ICSV 16BF) over local Lhat yielded over 5.0 t ha-' compared to the 
varieties. In addition to high and stable grain overall mean yield of3.8 t ha-' and control mean 
yields with good food quality, it had excellent yield of 3.6 t ha-'. Among these 313 hybrids eight
seedling establishment and was less susceptible yielded between 7.0 t ha-' and 8.3 t ha-!. These 
to grain mold and head bugs. are SPL 32A x RSV 18K, SPL 9A x IS 10384, 

SPL 23A x IS 10384, NI 40079A x 6/27, IS 
0418A x PAB-41, 2219A x IS 10483, SPL IOA x 
(M 66118-3 x CS 3541)-9-1, and SPL 23A x (IS

Southern Africa 12611 x SC 108-3)4-4-8. Six of these eight 
hybrids had female parents bred at ICRISAT 

Hybrids Center. 
Among advanced hybrids received from the 

In a preliminary testcross evaluation (Fig. 11) of ICR ISAT Center, the highest yielder was MA 12 
900 experimental F, hybrids, sown at Matopos x (SCI08-3 x CS3541) (SC 110-14 x SC108-3 x 
in late December with supplementary irrigation 148)-12-5-136, with 5.9 t ha-'. 
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Figure 11. IWRISAT plant breeder (right) evaluating experimental sorghum hybrids during the
1985/86 cropping season at ,Matopos, Zimbabwe. These hybrids resulted from testerosses involving
 
new,female parents bred at W(RISAT C:enter.
 

Breeding Nurseries trial. llighicst yieldcs, wcrc .SV1 (4.1I t hia-1 inl 
IIand 


N,,eric, ol 250 A alld 1'1lines w,.ere grown at
 
ISPT 801. 27836 (5.8' 1ha Iit[ARSVYT). 

Matopos,. ,'sh\i>.andt diarahatil, Zimbabwve. 
tFrkrIII PSU l1 0[)'(: vaitIon, we ,elected t l10est Mexico iad Central America
 
A\ andt 1JlineCpails and iml'ClCl d their t
seed.
 
These inluhde: A1 X 023, MA ,4,D)2 A, N/ Breeding for tihe Hlighlands (1500-2300 in)
 
J01079.A, ('K 74A'. SIT 9A,,SIT l0A, 
 SITI 23,,
 
SPI, 109A, 21219A, 13 19A, IS 04 I;"A, IS 10638A,, At 1:1lBatanl wc c%aluated sIX elite lilies for ,!dap_

SII 32A, 13 19A. andt SI I+1OA. We -,illc\alli- tatiotm to+ the low temnperature environmlent and 
alec their comiinllg ablilities Illfurthet-r tut.",cl'ts,5yield. (ecncral agrononmic ,ilpcct, avecrage days to 
trials+., Aseconmd set of'144n .10.., pMil.,andlB 11,nC 50i lhlvcring, and plant hecight were good
received from IW.RISA'I Center \%c i-cohscrved (ITable 15). Ille average Yield ot 5.02 t ha- I was 
tor mtiflori-itie.,- ofiflo vcring ,ilnd ,,t.c'.,cttd31 e:xcellent butlfUture-0 ;.dluNiho:,untlcr farniers' 
Pairs, to he uscd Illh'.,bind dcvclo~pillctlt, (Irylilld Ctmlditiunl, ,,,illbe l)CL'CCSaII'Vto test still-
One SADC(("regional lilal. IRcgitmil St~glM-11.11 Ability lor theChigl1ald hillring envir-onmlent. 

Prclirtiffarv Varietal 'I rial (IWSP\."I with 22 Poupulation illpro,.cllcnt tor Cold tolerance 
,'ntrics, and onee I~atin AHICtian r'CLi~MM tial, con1tinued,~l With 1th1o\%,L,~ ( 30 S, lilies for 
L.atin Amecricall R"C,.6!ill S01Vr11n Vari1 'et] ;RcMi,.'icin~g to agtolonlmic cth,ractcr istics ,.erT
Trial (ILAI SVY 1I), with 0+4entries, gave the vcrv im1portant critcria ill the seh.ection Procecss. 
highest yield., ranging Ilroin 3.2 to 4.1I t hia1, anld A tic,.,,population (IR' 1I), Btatan C'old Tolerant 
,4.0to 4.8 t ha 1./Average yields were 2.9J t ha Iin Po, tulationl) was foriled hy using the hest cold
the RSP'VT trial and 3.5 t hia I inlthe ILARSVYT tolerant lilies. D~uring the 1986 cyvclecearly tniale

http:St~glM-11.11
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Table 15. Characteristics of new cold-tolerant sorghum lines, El Batan, Mexico, 1986. 

Yield General Time to 50% Plant
Line (t ha -') aspect' flowering (days) height (in) 
CT874 x L.S.844 7.93 3.5 I i.41 
77CS866-1 x 76BTP139-1 5.05 3.0 III 1.12
P74AS388 x Man 64 4.97 3.0 113 0.98

IS 1266 x BT18-1 4.22 2.0 
 106 1.52
76BTP96 x CYF3-10 4.02 2.0 106 1.00

Toluca I 
 3.99 3.0 97 1.30 

SE ±0.80
 
Mean 
 5.03 3.0 107 1.22
 
CV (%) 16
 

I. Based on a 1-5 scale, where I =excellent and 5 = poor. 

sterile genotypes and early fertile genotypes of 2E1, PVT 2E 35, PVT IE 25, received from 
good plant type were recombined. ICRISAT Center, and also in TAM 2566. 

We advanced 192 pairs of A and B lines to the 
7th backeross. We also advanced 2224 entries by
the pedigree method to F2 and F3 and selected Food Quality
them for adaptation to the vold environment 
(6-20° C). West Africa 

We selected 38 lines for gocd seedling vigor 
and evaluated 25 new lines for grain yield. We Brewing Quality 
sowed eight advanced lines in large plots for seed 
increase prior to agronomic evaluation in farmers' A significant proportion of sorghum grown in 
fields. West Africa has red and brown grain types and 

these are used to produce thin fermented por
ridges and alcoholic beverages. In Burkina Faso, 

Breeding for Intermediate (800-1800 m) and traditional sorghum beer, popularly known as 
Lowland (0-RO0 m) Altitudes dolo is produced by small-scale breweries. Sor

ghum is steeped, germinated, and dried to pre-
We evaluated 96 pairs of A and B lines; 90 from pare the malt. Mash is prepared by mixing the 
ICRISAT Center, and 6 from Texas A&M Uni- ground malt and ground bark from baobab 
versity for general agronomic eliteness, yield, (Adansoniadigitata)trees with water. After clar
and grain quality. Nine of these yielded >4.0 t ification, the substrate is boiled with water and 
ha- I and 3 were excellent in agronomic eliteness. filtered to remove bran. The wort is boiled,

We confirmed midge (Contarinasorghicola) cooked, and inoculated with yeast from a pre
tolerance in the following lines: PM 7322, PM vious batch of beer. Fermentation occurs over
7422-2, PM 7397, received from ICRISAT Cen- night and actively fermenting beer is ready the 
ter, and detected resistance in IS 7005, IS 18733, next morning. Dolo is a relatively clear red liq-
IS 8571, AF28, IS 3471, IS 19474 and IS 19512. uid withasweet pleasant tasteand with low solid 
We confirmed rust (Puccinia purpurea) resis- content. The beer has a low (1-4%) alchohol 
tance in ICSV I (SPV 351), SPV 346 M 35610, content and its continued fermentation produces
M 36013, M 36172, PM 6745, PVT IE 24, PVT an unpleasant, sour taste. 
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We evaluated eight sorghum genotypes, 
exhibiting differences in their grain color, en-
dosperm texture, and presence/ absence of sub-
coat (M 35-1, ET3491, ICSV 11l, Lulu Dwarf, 
Co 4, W.S. 1297, Dobbs, and Framida) for their 
dolo-makinf, quality in cooperation with three 
domestic breweries located in the Kamboins& 
village. Each of the genotypes was brewed indc-
pendently inpaired tests along with the local 
brown variety by different breweries. The beer 
samples were evaluated for color, taste, smell, 
consistency, and conservation (on a scale of 1-3, 
where I:good, 32poor) by a selected set of five 
panelists. The women who brewed the samples 
evaluated iz.alting and brewing qualities. Dolo 
produced from the brown-grain Dobbs and 
white-grain Lulu Dwarf were ,'ated the poorest 
for beer quality. "The local brown grain variety 
was the most acceptable, followed by Framida. 
M 35-1, and Co 4. Genotypes W.S. 1297, ICSV 
Ill, and ET3491 also produced acceptable becr. 

The color of dolo from the local brewn gra!I 
variety was light red (5YR5, 2 on Mwuisetl's .ioil 
color chart) and w.a, pieferred to the others, 
Dolo from white-grain and types like M 35-1 
exhibited a pale yellow color (IOY R1 /2 on M un-
sell's soil color chart) and was new to the pane-
lists. However, other beer-quatlity features of 
white-grain types were rated good to acceptable. 
It was concluded that not all brown-grain types 
are suitable for brewing and malting, and that 
some white-grain types could be used to produce 
dolo by mixing them with a proportion of red 
grains to achieve the desired color. 

Cooperation with 
National Programs 

Multilocational Trials and Nurseries 

International Sorghum Variety Adaptation Trial 
(ISVAT 85) 

ISVAT 85 consisted of 25 entries including a 
local c-,ntrol and 3 ICRISAT-bred coiatrols 
ICF'i 153 (CSH I1), ICSV I (SPV 351), and 

ICSV 2 (SPV 386). We distributed 77 sets of seed 
to 22 cooperators: Asia (29), North America (1), 
Central America (15), South America (13), West 
Africa (10), eastern Africa (5), and southern 
Africa (4). Data on selected varieties from 32 
locations are presented in Fable 16. The varie
ties, ICSV 112 (SPV 475), ICSV J 0, ICS" 189, 
ICSV 162, and ICSV 194 yielded 4.21-3.88 t ha-' 
while the control variety, ICSV I (SPV 351) 
yielded 3.77 t ha-I across locations. The varieties 
differed in their specific adaptation. For exam
pie, ICSV Ill and ICSV 194 yielded well in 
India, while ICSV 198 recorded the highest grain 
yield in Ghana, and ICSV 112 gave the highest 
grain yield in Pakistan. Some of these selected 
varieties were less susceptible to yie'J-reducing 
factors; ICSV 193, and ICSV 114 to Striga;asia
6ica. ICSV 197 (PM 11344) to midge, ICSV 110, 
ICSV 186, and ICSV 2 (SPV 386) to downy 
mildew, and ICSV 112 (SPV 475), ICSV 110, 
ICSV 189, ICSV 102, ICSV 198, ICSV Il1, 
ICSV 102, and ICSV 197 to anthracnose. 

Cooperators from Pakistan suggested that the 
trial should include early types while Ghana 
required late varieties. Cooperators from Argen
tina and Colombia indicated that the varieties 
were too tall and late for their locatiors. Coop
erators in Egypt, Ethiopia, The Gambia, Ghana, 
Mali, India, Pakistan, The Philippines, and the 
Yemen Arab Republic, all selected varieties for 
inclusion in theii programs. 

International Sorghum Hybrid 

Adaptation Trial (ISHAT85) 

1S1-AT 85 consisted of 25 hybrids including a 

local control and 3 ICRISAT-bred controls 
ICSH 153 (CSH 11), CSH 9, and ICSV 112 
(SPV 475). A total of 40 sets were distributed to 
35 cooperators: Asia (18), Central America (5), 
South America (8), West Africa (3), eastern 
Africa (2), and southern Africa (4). The selected 
grain yield data from 22 sets are presented in 
Table 17; these indicate that ICSH 109, ICSH 
159, ICSHI 110, ICSH 120 (Fig. 12), and ICSH 
162 were highly stable and productive with grain 
yields of 5.51-5.21 t ha-' across locations, while 

http:5.51-5.21
http:4.21-3.88


Table 16. Mean grain yield (t ha-') of top-yielding entries in the !nternational Sorghum Variety Adaptation Trial (ISVAT 85)', 1985. 

Locations' 
Entry Pedigree 1 2 3 4 5 6 7 8 9 10 11 

ICSV 112 [(IS 12622C - 555)(IS 3612C , 2219B) 5.03 3.53 4.87 7.69 4.45 1.61 0.68 1.82 1.95 1.95 1.13 
(SPV 475) -5-1 , E 35-.-5-2
 

ICSV 110 [(SC 423 ,CSV 41 " E 35-1]-2-1 4.40 2.06 4.96 4.t,."3.45 1.14 
 0.84 2.12 2.39 0.83 0.84
ICSV 189 (E 35-1,-US R 703)-2-I-1-2-2 4.65 2.67 4.28 5.82 4.00 1.32 0.71 2.65 2.14 1.37 1.03ICSV 162 [CSV 4 , (GG ,370)]-2-1-4-4 4.30 2.32 4.50 4.16 4.00 0.98 1.02 1.75 2.02 1.65 0.70
ICSV 194 (R 16xM 35-1)-i-3-1-6-1 5.22 2.09 4.28 4.59 3.45 1.06 0.61 2.07 2.67 1.36 1.49
 
ICSV 186 (SC 108-3 - CSV 4)-14-1 4.51 2.41 4.56 
 5.30 4.19 1.55 0.40 2.11 2.32 0.76 0.74

ICSV 198 [(M 35-I -M 1009)-3-2-1 x6F 5 's]-5-2-3-2 4.99 2.50 3.83 4.78 2.71 0.73 0.62 2.23 
 1.66 1.06 1.86

ICSV i l [(SPV 35 , E 35-1) x CSV 4]-8-1 5.30 2.79 3.86 4.13 2.71 
 1.84 0.44 1.82 1.39 1.49 1.59
ICSV 126 [(SC 108-3 - Swarna) x E 35-1]-6-2 4.24 1.99 4.81 4.52 3.74 1.09 0.36 1.47 2.28 0.98 0.67

ICSV 102 (E 35-I , RS B 394)-1-1-2 4.23 1.74 
 4.14 4.81 2.62 1.00 0.41 2.37 2.31 1.92 1.78
 
'CSV 138 [CSV 4 , (GG - 370)]-2-1-1-1-4 4.29 2.73 
 4.63 2.35 3.29 1.69 0.37 1.51 2.44 0.8h 0.78ICSV 197 (IS 3443 x DJ 6514)-I-1-1-1-1 4.20 1.95 3.20 3.64 2.50 0.68 0.64 2.69 2.81 1.85 0.84 
(PM 11344)
 

ICSV 193 (148 x Framida)-39-2-4-1-1-2-1 4.84 3.08 3.17 
 3.58 2.43 1.38 0.46 1.67 1.13 1.26 1.03

ICSV 161 (E 35-1 - USi B 487)-2-1-4-1-1 4.37 
 1.24 3.10 4.30 2.79 0.44 0.84 1.50 2.56 1.13 1.10

ICSV 114 [SRN 4841 x (WABCxP-3-3)]-7-3 4.32 2.31 3.36 3.76 4.33 1.23 0.77 1.47 1.20 1.33 1.23
 

Controls
 
ICSH 153 [7.96A x (SC 108-3 x CSV 4)]-27-2-1 6.22 3.28 4.44 5.51 3.50 2.38 1.08 1.08 2.20 2.10 1.13
 

(CSH 11)3
 
ICSV I (SC 108-3 x CSV 4)-19-I 4.59 2.76 
 4.07 5.15 3.93 2.11 1.02 1.50 2.23 0.88 1.57 
(SPV 351)
 

ICSV 2 (SC 108-4-8 x CSV 4)-88 
 4.68 2.05 4.29 3.24 3.33 0.62 0.70 2.32 2.10 1.41 0.78 
(SPV 386)
 

Local 
 4.23 2.26 3.15 3.95 3.74 1.87 1.23 2.60 0.44 1.22 1.74 
SE ±0.19 ±0.18 ±0.23 ±0.60 ±0.30 ±0.39 ±0.18 ±0,32 ±0 38 ±0.25 ±0.16

Trial mean (25 entries) 4.55 2.37 3.93 
 4.25 3.18 1.27 0.65 1.84 1.98 1.16 1.06
 
CV (%) 
 9-35 11-32 15-25 25 16 43 47 37 33 37 26
 
Efficiency (%) 84-161 
 96-102 81-150 135 93 103 100 110 94 92 99 

21. 5 - 5,lattice, plot size 2.25 m at Melkasa, Ethiopia and 12.0 m- at ICRISAT Center. India. 
2. Loc ions: 

I = India mean of eight tests: a) ICRISAT Center and b) Anantapur, Andhra Pradesh. c) Bhavanisagar. Tamil Nadu. d) Dharwad. Karnataka, e) Jalna and f)Karad.

Maharashtra. g) Pantnagar, Uttar Pradesh and h) Surat, Gujarat; 2 
=Pakistan three tests:a) Dadu. b) Yousufwala. and c) Islamabad; 3 =The Philippines four tests: a)
Laguna b) Manila, c) Isabela, and d) Bacnotan; 4 =Seikviw, Thailand; 5=Taiz. Yemen Arab Republic; 6 =Giza, Egypt; 7 =Melkasa. Ethiopia; 8 = Ilorga, Tanzania; 9 th 
The Gambia; 10 = Farako-Bl, Burkina Faso; II = Tamale. Ghana. ,,,


3. Hybrid control. 

Continued 



Table 16 Continued 

Entry Pedigree 12 13 14 15 

Locations 2 

16 17 18 19 Mean 

(A 

ICSV 112 

(SPV 475)
ICSV 110 
ICSV 189 
ICSV 162 
ICSV 194 

[(IS 12622C - 555)k;S 3612C - 2219B) 

-5-1 - E 35-1]-5-2
[(SC 423 x CSV 4) x E 35-1]-2-1 
(E 35-1xUS/ R 703)-2-1-1-2-2 
[CSV 4 x (GG x 370)]-2-1-4-4 
(R 16xM 35-1)-1-3-1-6-1 

0.95 

0.97 
0.93 
0.82 
0.82 

4.12 

4.90 
4.05 
4.32 
4.09 

2.76 

2.36 
3.50 
2.14 
3.07 

5.53 

6.23 
5.59 
4.62 
5.59 

8.96 

7.79 
7.27 

10.41 
7.05 

4.84 

3.58 
2.95 
2.02 
2.61 

4.06 

5.15 
5.20 
5.59 
4.09 

5.94 

9.68 
8.01 
9.33 
7.17 

4.21 

3.98 
3.97 
3.88 
3.88 

ICSV 186 
ICSV 198 

(SC 108-3 - CSV 4)-14-1 
[(M 35-1 x M 1009)-3-2-1 -

0.79 
0.88 

3.21 
3.57 

2.18 
3.02 

4.94 
4.80 

8.15 
10.10 

4.01 
4.08 

9.40 
4.52 

6.12 
6.84 

3.87 
3.85 

ICSV Ill 
ICSV 126 
ICSV 102 

ICSV 138 
ICSV 197 

(PM 11344)
ICSV 193 
ICSV 161 
ICSV 114 

6F 5 s]-5-2-3-2
[(SPV 35 E 35-1) - CSV 4]-8-1 
[(SC 108-3 x Swarna) - E 35-1]-6-2 
(E 35-1 - RS/B 394)-l-1-2 

[CSV 4 (GG S hf-2-1-I-1-4 
(IS 3443 - DJ 651-;)-1-1-1-1-1 

(148 x Framida)-39-2-4-1-1-2-1 
(E 35-1 x USIB 487)-2-1-4-1-1 
[SRN 4841 x (WABCxP-3-3)]-7-3 

0.46 
0.99 
1.01 

0.86 
1.23 

0.70 
0.73 
0.67 

2.76 
5.64 
3.83 

3.34 
4.49 

2.84 
3.56 
2.57 

2.81 
3.16 
3.53 

1.89 
3.54 

3.20 
3.25 
2.88 

3.90 
5.08 
5.47 

5.08 
3.62 

4.08 
3.73 
3.56 

8.97 
9.58 
8.13 

9.24 
8.69 

6.68 
10.04 
7.85 

2.72 
1.81 
4.11 

1.40 
4.71 

4.17 
3.90 
3.41 

2.79 
4.56 
8.71 

5.89 
6.99 

6.87 
5.20 
2.68 

7.88 
8.11 
6.25 

9.03 
6.38 

5.73 
5.72 
6.56 

3.81 
3.79 
3./6 

3.75 
3.56 

3.55 
3.36 
3.34 

Controls 
ICSH 153 

(CSH 11) 3 
ICSV I 

(SPV 351)
ICSV 2 

(SPV 386)
Local 

[296/'. x (SC 108-3 - CSV 4)]-27-2-1 

(SC 108-3 x CSV 4)-19-1 

(SC 108-4-8 x CSV 4)--98 

.988 

0.95 

0.98 

0.71 

5.01 

3.60 

3.83 

4.01 

3.52 

3.23 

2.63 

3.20 

6.44 

4.86 

4.96 

4.54 

9.58 

9.22 

8.28 

8.93 

2.86 

3.67 

2 76 

3.65 

5.37 

6.18 

..27 

3.47 

8.03 

4.65 

6.83 

6.60 

4.56 

3.77 

3.68 

3.49 
SE 
Trial mean (25 entries) 

+0.22 
0.82 

±0.36 
3.82 

±0.45 
2.76 

±0.48 
4.79 

0.76 
8.33 

±0.53 
3.12 

±0.69 
5.46 

-0.55 
7.01 

±0.86 
3.68 

CV (%) 47 16 29 17 16 29 22 12-20 9-47 
Efficiency (%) 94 111 101 152 104 107 101 100-104 81-161 

. 5 1 5. lattice, plot size 2.25 m2 at Melkasa, Ethiopia and 12.0 m- at ICRISAT Center, India. 
2. Locations:

12 = Sotuba, Mali; 13 =San Salvador. El Salvador; 14 =El Zamorano, Honduras; 15 =David-chiriow, Panama; 16 =Manfredi, Argentina; 17 =Palmira, Colombia; 18 = Guayaquil, Ecuador; and 19 = Venezuela two tests: a) Maracay and b) Aragua.
3. Hybrid control. 



Table 17. Mean grain yield (t ha - 1)of top-yielding entries in the International Sorghum Hybrid Adaptation Trial (ISHAT 85)1, 1985. 

Locations 2 

Entry Pedigree 1 2 3 4 5 6 7 8 9 10 Mean 
ICSH 109 296A - [(SC 108-3 - E 35-1)-5-I - CS 6.03 3.10 6.50 4.96 6.99 5.26 5.56 8.07 4.91 6.70 5.51 

CSV 4]-2-2-1-1

TCSH 159 296A - (FLR 266 - CSV 4)-4-3-2-1 5.90 2.82 7.3G 5.34 
 7.83 4.08 4.52 9.35 3.64 6.18 5.38ICSH I10 296A x (SC 108-3 x CSV 4)-51-1 4.75 2.80 7.08 6.19 7.49 3.94 4.28 840 4.36 5.30 5.26ICSH 120 296A x (Diallel-475-746)-4-2-1-5 5.43 3.08 5.76 5.83 5.75 3.97 5.26 9.82 4.85 5.98 5.22ICSH 162 SPL 115A x (FLR 101 x IS 1082)-4-2 5.29 2.69 7.65 5.43 6.69 4.92 4.62 10.49 4.02 6.09 5.21 
ICSH 106 296A - (SC 108-3 x CSV 4)-20-2-2 5.64 3.14 6.93 4.64 6.75 4.22 5.35 9.46 4.52 4.88 5.18ICSH 138 296A x (FLR 266 x CSV 4)-2-2-2-3-2 5.53 2.82 5.15 5.95 6.86 4.64 4.82 10.35 3.05 5.37 5.14ICSH 173 296A x [(SC 108-3 x CSV 4)-14-1 5.68 2.16 7.14 5.00 6.68 4.35 4.12 9.07 3.35 4.73 4.92 

1807B (SC 108-3 x E 35-1)-5-I 
" CSV 4]-3-4-4-4


ICSH 142 SPL i95A - (FLR 101 x iS 1682)-4-2 5.19 2.60 6.51 5.02 6.50 3.93 
 3.11 9.59 3.88 5.14 4.81ICSH 180 D 3A x [(SPV 105 - SC 108-4-8) 5.41 2.39 5.68 4.81 7.14 4.40 4.23 8.32 3.19 5.00 4.79 
x CSV 4]-14-2-1


ICSH 155 MA 10 x (IS 12611xSC 108-3)-'-.3 4.64 1.97 6.22 5.09 
 7.10 4.88 284 10.39 5.53 6.40 4.77 
Controls
 
ICSH 153 296A x (SC 108-3 x C;V 4)-27-2-1 5.37 2.84 5.51 4.79 7.92 3.84 
 3.09 9.60 3.38 5.37 4.91 
(CSH 11)


CSH 9 296A x CSV 4 5.09 2.92 5.77 4.57 7.51 2.21 6.00 
 10.45 2.36 5.69 4.87ICSV 112 [(IS 12622C - 555)(IS 3612Cx 2219B) 4.03 2.43 4.49 4.32 6.20 4.03 2.60 9.09 3.33 4.96 4.10 
(SPV 475)3 -5-1 x E 35-1]-5-2

Local 4.95 2.50 4.00 3.62 5.41 3.13 4.73 8.64 4.01 5.14 4.41 
SE ±0.19 ±0.15 ±0.61 ±0.27 ±0.49 ±0.33 ±0.80 ±0.56 ±0.61 ±0.31 ±0.11 
Trial mean (25 entries) 5.16 2.53 5.93 4.94 6.60 3.90 4.38 9.12 3.81 5.29 4.80 
CV(%) 10-24 12-31 18 14-14 13 14 32 11 28 10-15 10-32 
Efficiency (%) 87-119 98-107 91 136-217 113 101 100 100 91 130-131 87-217 

21. 5 x 5 lattice, plot size 3.5 m2 in Venezuela and 12.0 m at ICRISAT Center, India. 
2. Locations: 

I =India mean ofeight tests: a) ICRISAT Center, Patancheru and b) Anantapur, Andhra Pradesh, c) Bhavanisagar, Tamil Nadu; d) Dharwad, Karnataka, e)Jalna,f)Karad, Maharashtra; g) Pantnagar, Uttar Pradesh, h) Surat, Gujarat. 2 =Pa. istan mean offour tests: 
and 

a) Dadu, b) Bahawalpura, c)Yousufwala, and d) !slamabad; 3= Manila, The Philippines; 4 =Thailand two tests a) Seikviw. and b) Suphanburi, 5 =Wad Medani, Sudan; 6=San Salvador, El Salvador; 7=El Zamorano, Honduras; 8 = Manfredi, Argentina; 9 =Palmira, Colombia; and 10 = Venezuela two tests: a) Chaguaramas and another location. 
3. Variety control. 
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West African Sorghum Variety Adaptation 
Trials (WASVAT-I and -2) 

We organized two regional variety trials
., WASVAT-I comprising 20 early-maturing entries 

,@~L '~7~j,' ,, 

" 
'f 

and WASVAT-2 comprising 20 mcdium-matur
ing entries (including controls), contributed by 

,"iA 

t'ilU,t,, 
tile West Africa Regional Network, and the
national sorghumn improvement programs of 

!t,'* 
. 

*~ 

;" 
, 

Iurkina Faso and Mali. Seed was dispatched to
II1 cooperators in Benin, Burkina Faso, Came

k-:: , oon, The Gambia, (ihana, Guinea Bissau, Mali, 
Niger. Nigeria, and logo. Results received so far 

. indicate that in addition to the hybrid control 
ICSH 153 (('SFI II) ICRISAT varieties ICSV 
16-5 [I-. ISV 1055 hiF, ICSV 197, 1CSV 126, 
and I('SV 1056 BF performed well. 

West African Sorghum Hybrid 
Adaptation Trial (WASHAT) 

ICSH 12( i We supplied seed of WASHAI T86 to coopera-F 120 tors at 14 experimental stations in 8 countries 
Burkina Faso, Camcroon. Ghana, Ivory Coast, 

At Mai,, Niger, Nigeria, and Togo. This trial in
cluded 32 test hybrids and four controls (earlyand late-natUring 'arieties). Current in orna

tion indicates that the trial was carried out at all 
the locations. However. final results are vet to be 

Figure 12. ICSH 120, an ICRISAT-bred sor- received fron many locations. At Nyankpala,
ghum hybrid that was selected from the Interna- Ghana, on average, the best early maturing var
tional Sorghum Hybrid Adaptation Trial iety control Naga White, yielded 3.15t ha- I while 
(ISHAT 85) on lte basis of its yield stability and several hybrids yielded more than 4.00 t ha-
production across locations, ICRISAT Center, (Table 18). Similarly at Farako-Bi, Burkina 
rainy season 1986. Faso, the best variety control, Framnida, yielded 

2.58 t ha- I while several hybrids yielded more 
than 3.50 Lha- . At both these locations the trialthe local control yielded 4.4 1 t ha- . Some of the was sown during the 2nd fortnight of July and 

selected hybrids slowcd resistance to downy rainfall during grain filling was nil at Nyankpala
mildew: ICSH 159, ICS H 138, 1CSIt 178, IC'SHIt and minimal at Farako-3r,.
 
142, ICSH 180, and ICSH 155 and anthracnose:
 
ICSH 109, 1CS-1 110, ICHS 106, and ICS 1h 155.
 

Argentina reported the highest grain yields Seed Distribution 
followed by Sudan, and The Philippines. The 
material was too late and tall for Argentina and ICRISAT Center 
Venezuela. Cooperators from Pakistan requestcd 
parental seed of ICSH 106, ICSH 133, ICSH In response to seed requests, we provided im
138, ICSH 145, and ICSH 153 (CSH 11). proved varieties, hybrids, parents, and resistant 
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Table 18. Mean grain yields (t ha-') of top-yielding entries in the West African Sorghum Hybrid 
Adaptation Trial (WASHAT), rainy season 1986'. 

Entry Pedigree 	 Nyankpala Farako-35 Kamboins6 Mean 

ICSH 208 ICSA 3 " (SC 108-3 ,CS 3541)-I1-2-3 CSV 4 3.99 3.60 3.02 3.54
 
ICSH 230 ICSA II ,[(SC 108-3 ,E 35-1)]-2-2-1-1 4.32 3.26 3.09 3.56
 
ICSH 229 ICSA II "(SC 108-3 ,CS 3541)-27-2-1 4.31 3.59 3.02 3.64
 
ICSH 109 296A ,[(SC 108-3 ,E 35-1) CSV 4]-2-2-1-1 4.83 2.40 2.46 3.23
 
ICSH 134 2219A , (UCHV 2(GG ,370)-4-2-3 3.14 3.36 2.71 3.07
 

ICSH 159 296A - (FLR 266 ,CSV4)-4-3-2-l 3.73 3.27 2.58 3.19 
ICSH 178 SPLI 17A [UCHV 2(GG ,370)]-4-2-3 3.53 2.95 3.24 3.24 
ICSH 336 ICSA 40 (SC 108-3 x 148)-18-4-1 2.78 3.73 2.89 3.13 
ICSH 331 ICSA 38 (SC 108-3 , 148)-18-4-1 3.21 3.48 2.60 3.13 

Control 2 Improved variety 	 3.21 2.72 2.30 

SE ±0.34 ±0.27 ±0.34 

Site mean 	 3.34 2.73 2.38 

CV(%) 	 18 17 24 

Efficiency 	 105 170 106 
21. 6 x 6 simple lattice, plot size 7.5 m2 at Nyankpala, Ghana; 16 m 2at Farako-idi and 15 m at Kamboins6, Burkina Faso. 

2. 	The control entry was variable with lo-,;",n, the highest yielding improved variety was considerLd, i.e., Naga White at 
Nyankpala, Framida at Farako-B53, and ICSV 1002 BF at Kamboins6. 

sources to our cooperators. By the end of 
Novernber 1986 we had supplied 14254 samples 
of sorghum seed. In Asia, India received the 
maximum number of samples (15%) followed by 
Pakistan (6%). In Africa, 14% of the ,..iplies 
were sent to Burkina Faso, and 6% - 7 im-
babwe. Of the total samples supplied, 56% were 
breeding material. These included: hybrids 34%, 
varieties 26%, population derivatives 10%, A 
and B pairs and R lines 9%, resistant sources 8%, 
and miscellaneous 13%. During Sorghum Field 
Days breeders from different national programs 
selected 450 hybrids, 50 varieties, 74 parents 
(A,B, and R), and one population. 

West Africa 

plied seed of some A and B lines, elite varieties, 
and hybrids on request to the national programs 
of Ghana, Mali, Niger, and Sierra Leone. We 
supplied large quantities of seed3 of our improved 
varieties ICSV 1002 BF and ICSV 1001 BF to 
researchers and preextension agencies in Benin, 
Burkina Faso, and Togo. 

ICRISA' Cultivars Released or 
in Prerelease Stage 

The ICRISAT-bred hybrid ICSH 153 (SPH 
221) was formally released in India as CSH I I by 
the Central Sub-Committee on Crop Standards, 
Notification and Release of Varietics, Govern
ment of India, for cultivation in all areas where 
rainy-season sorghums are grown. Our post-

We supplied sccd ot 70 germplasm accessions, rainy-season hybrid, SPH 280, and a rainy
selected for diLase resistance, adaptation to season variety, ICSV 112 (SPV 475) are being 
local conditions, and good grain quality, to eight tested in All India Minikit Tests under farmers' 
national programs in West Africa. We also sup- field conditions. One midge-resistant variety, 
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Figure 13. ICSV 197, an ICRISAT-bred sor-
ghum variety that bus been recommended by the 
All India Coordinated Sorghum Improvement 
Project (AICSIP) for on-farm trials in midge-
endemic areas of KarnaiakaState, India, ICRI-
SAT Center, rainy season 1986. 

ICSV 197 (PM 11344) (Fig. 13) has been re-
commended by the All India Coordinated Sor-
ghum Improvement Project (AICSIP) Work-
shop for on-farm trials in midge-endemic areas 
in Karnataka State. Nine of our varieties and 
nine hybrids are in various stages of testing by 
AICSIP. We are increasing tie breeder's seed for 
the released variety ICSV I (CSV 11) and the 
restorer line MR 750 (male parent of CS H 11) to 
meet the requirements of the State and National 
Seeds Corporations in India. 

Workshops, Conferences,
 
and Seminars
 

India 

Sorghum Field Days 

We conducted separate Field Days at ICRISAT 
Center, Bhavanisagar, and Anantapur. The In
ternational Sorghum Field Day held at the Cen

on 16-17 September was attended by 14 
scientists from India, 3 from Kenya, I from 
Burundi, and several in-service trainees from 
Africa and Asia who observed our experiments 
in the field. Seven scientists from Tanil Nadu 
attended the field day organized at Blhavami
sagar, and 7 from Andlhra Pradesh attended the 
one at Anantapur. Following the Field l)ays, we 
had useful discussions with the visiti ng scientists 
that lead to our identifying areas for possible 
cooperation with their national programs. 

West A frica 

First Meeting of the Advisory Committee 

ofthe West African Sorghum Research Network 

This inaugural meeting was held at Ouagadou
gou, 11-13 January 1986. The Committee addres
sed issues on sorghum plant improvement which 
may help the national programs in the region. 
Figure 14 shows the Committee during their visit 
to Kaniboins6 Research Station. 

Participants at the Second Workshop on 
Sorghum Research and Improvement in West 
Africa held in Bamako, 21-24 October 1985, 
voted in favor of holding the workshop every 
alternate year, and conducting group visits to 
national programs during the intervening years, 
preferably during the cropping season. Conse
quently, under the leadership of ICRISAT, a 
group of national researchers from Benin, Cen
tral African Republic, The Gambia, Mauritania, 
Nigeria, and Senegal visited national research 
programs in Cameroon, The Gambia, Nigeria, 
and Senegal from 23 September to 6 October, 
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Figure 14. Members of the Advisory Committee to the West Africa Sorghum Research Network with 
ICRISAT sorghum breeder (far right) looking at an off-season nursery during a visit to Kamboinse 
Research Station at the time of their first meeting in Ouagadougou, Burkina Faso, 11-13 January 1986. 

1986. The visiting national scientists were able to 
exchange views on the sorghum production
problems, and the on-going research programs 
in the countries visited. 

Following another recommendation of the 
workshop that the researchers in national pro-
grans are made morc aware ofthe research pro-
grams of international institutes, several re-
searchers from national programs (Ghana, Guinea 
Bissau, Mali, Niger, and Sierra Leone) visited 
the research stations located at Kamboins6, 
Saria, and Farako-BA in Burkina Faso during 
13-16 October, 1986 to observe our breeding 
material, experimental varieties and hybrids, 
and male steriles, and to select material of inter-
est to them, The visitors also had the opportun-
ity to observe the Burkinabe national research 
effort on sorghum improvement. 

Eastern Africa 

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

This workshop was held at Bujumbura, Burundi 
5-11 July 1986. There were 50 participants who 
came from Burundi, Ethiopia, Kenya, Rwanda, 
Somalia, Sudan, Tanzania, and Uganda. All the 
participants are active workers in sorghum and 
millet research and presented their research find
ings in different disciplines. Special papers on 
tanni:,s, Striga, cropping systems, and drought 
were presented by members of USA ID Title Xii 
Collaborative Research Support Program on 
Sorghum and Pearl Millet (USA) (INTSOR-
MIL) and ICRISAT. The major recommenda
tions of the workshop were that: the regional 
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network be given an identity--this has resulted 
in the formation of tile Eastern Africa Regional 
Sorghum and Millet (EARSAM) Network; and 
an Advisory Committee should he formed to 
provide overall guidance for the networking 
activities. 

The following common priority areas of re-
search were identified: 
* 	Breeding: Crop improvement for Iigh and low 

altitudes. 
* 	Agronomy: Soil and crop management, 

drought studies, 
" Entoiology: Stalk borer and shoot fly. 
" Pathology: SIriga, ergot, and grain mold 

control, 
The proceedings of this meeting are av;ailable 

from the SAI(i RA I)I('RD SAl Regional Office, 
Nairobi, Kenva. 'I he Sixth Regional Workshop 
will be held in Somalia iW1988. 

As recormimend]ed durilng the fifth FARSAM 
workshop, the Advisory (ommnittee members 
met in Ethiopia bet ccn 20 and 25 October, 1986 
to provide overall guidance for networking 
activities, and to prepare long and short-term 
action plans based on research priorities of 
regional interest. Nctwv'rk research priorities for 
SOrghuml and millCts, CurrICri status of research, 
and approaches to solve research problems were 
discussed. 

Advisory Commitit cc ittCeIthers \isitcd low-
land and highland breed ing iur::erics ill Fthio-
pia, selected sorghultt getotypes for their national 
programs, and identified 150 genotypes that will 
be initcluided in tile regional observation nurseries 
for 1987. 

Southern Africa 

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

This workshop was held at I osaka, Zambia, 
6-10 October 1986. The objectives were to dis-
cuss the resulIts Of last seasoln's research and 
make plans for tihe next season for each member 

country in the SADCC region. Of the 60 partici
pants, 20 were from the host country, and others 
came from Angola, Botswana, ILesolho, Swazi
land, Tanzania, Zimbabwe, the donor agencies 
for the regional program, and scientists from 
ICRISA' Center and the SADCC/ICRISAT 
Regional Program, Bulawayo. Almost all the 
participants were actively involved in sorghum 
and millet research. Of the 35 papers presented 
by national representatives, 24 were on differcm 
aspects of sorgh umn and Millet research in tile 
SAlDCC region. Special topics covered by invited 
speakers included distribution and control of 
Strila spp of sor, htm and pearl millet in the 
SAI)CC region: practices adopted by small 
farmers in the production of finge; millet (llu
sine CLorwCana): nutritional aspects of sorghumi, 
ai;d p,'oSpccts for sorghum util ition. 

The main activity of the SAl)CC ICRISAT 
Program diring 1986 included strengthening the 
national rescar'ch capabilities by providing a 
short coutse and individual training to national 
scientists, technicians, and farm machinery 
operator, at Matopos. 

National Scientists from seven SA)CCcoun
tries (Botswana, Lesotho, Malawi, Swaziland, 
Tanzania, Zambia, and Zimbabwe) along with 
scientiss from ICR ISAT'!enterand the SAl)CC/ 
I'R ISA'l Regional Program visited Blotswana, 
Lesotho, Swaziland, and Zimb abve from 20-30 
M arch 1986 oil a mn itoriitg totrto gain a better 
understanding of the research needs of'sorghumL 
and millei in the countries tile\,visited. The mul
tidiscipli ary,group spent time selecting material 
for use ill t heir programs, identified pests and 
diseases, and scored trials for pest and disease 
incidence. 

The iain recommendations of tlie Workshop 
were to help strengthen the national programs 
by providing ti'ainitng in dif'f'erettt aspects of ciop 
production and protection. Steps should also be 
taken to assemble ain( document tile traditional 
knowledge oIn processing sorgltmii and millet for 
htman coIsumption. identify specific areas ill 
crop production, protection, and titilization, 
and to invite specialists to address the partici
pants at forthcoming workshops. The workshop 
recommended that scientists from the SADCC 
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countries, ICRISAT Center, and regional pro- tion of enzymes and proteins associated with 
grams should visit Zimbabwe, Zambia, and high and low temperature stress. Research on 
northern Malawi for the 1987 monitoring tour. the problems of terminal stress will be increased. 
The Fourth Regional Workshop will be held in We will coiltin,!e to search for more efficient 
Matopos, Bulawayo, Zimbabwe, in September plant/VANI combinations inrelation to phos
1987. phorus uptake by examining VAM colonization 

The proceedings of this meeting will be avail- or VAM inoculation response at different 
able from the SADCC/ICRISAT Sorghum and locations. 
Millet Improvement Program, P.O. Box 776, We will initiate work on the establishment of 
BuawaVo, Zimbabwe. the primary causal organisms of root and stalk 

rot diseases. We will increase our efforts to 
introduce grain mold resistance into elite breed
ing lines. We will complete studies on the inher-

Looking Ahead itance of downy mildew disease, and initiate 
experiments to characterize factors associated 

ICRISAT (enter with resistance. Resistance screening for anthrac
nose disease will be continued at lPantnagar. 

In population improvement for MFR we Will Studies on the variability of sorgham anthrac
recombine selected Ss of the respective popula- !lose pathogen\will be completed. 
lions with the desirable segregants identified We will inake inore crosses to improve the 
from Fs oIfthe resistant sources B/IM FI or agronotnic desi ralilitv of talland loose-panicled 
sources x R MIFR or sources x 5l R,NIFR base white-grain, rnold-resistant hreeding lines by 
populations. More emphasis will be placed on reducing their plant height and panicle laxity. 
screening these desirable segregants for resistan
ces to various stresses and for good agrononlic 
traits. West Africa 
Wc will continue to develop new ifeta .oar

ents for hvrid production. We will study mre Efforts to identify late-tmattiring (135 days) 
systematically the newly developed females for improved varieties suitable for the Northern 
their combining abilities and adaptation to dif- (;uinean Zone will be intensified. Female and 
ferent seasons. male parents adapted to West Africa \\,ill be 

We will verify the reference nonnilo cyto- exploited to identify high-yielding hybrids suit
plasm lines and further confirm the restoration able for different rainfall zones. In collaboration 
observed in some germ plsmn lines. with national ploganm:;, gerin plasm and early 
We xill composite a .StrLda asiatica-resistant segregating generation materials will be screened 

population to strengthen its level of resistance, for resistance to stress factors in their respective 
and improve it using recurrent selection methods, hot-spot locations. 

The conversion of pho(toperiod-sensitive and 
tall landraces to day-neutral shorter plant types 
will continue with emphasis on guinea sorghums 
from West Africa audispecial-purpose landraces Eastern Africa 
to diversify the genetic base of breeding material. 

We will continue to study the underlying SAFGRAD/ICRISAT will continue to gener
mechanisms associated with factors affecting ate genotypes for the high, intermediate, and low 
seedling emergence and mid-season heat and agroecological zones. 
drought stress. In collaboration with scientists at The need to characterize the different sor
the Welsh Plant Freedimg Station, Aberystwyth, ghutn-growing environments in the region is 
UK we will increase our activity in the identifica- important. Agroclimatic data from each country 
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in the region will be collated in order to group 
similar zones of adaptation. 

New projects will be developed for resistance 
to drought, Striga,stern borers, ergot, and other 
yield-limiting factors. Hot spot locations will be 
identified where material can be screened for 

these factors. 

Southen Africa 

Country crossing blocks and regional coopera-

tive t"ials will be organized; these will include 
selections made on monitoring tours of the 
SADCC countries in 1986. Fnphais will be 
placed on both variety and hybrid development. 

Selected varieties and hybrids will bL sub-
jected to quality tests in the coming seasons. 
Sorghum collected in Zimbabwe and elsewhere 
in the region will bc classified :tand evaluated f'ot 
quality and acceptability of food traits. This is 
planned to b: a joint project with the Food 
Science Department of the Urnivefsi;',v of Zim-
babwe. Atteipts will be made to improve the 
genetic base and perfortance of locally adapted 
cultivars for drought tolerance. Several lines, 
with specific processing, beer, food, and feed 
quality traits are being cvaliated for their grain 
utilization potential. 

The pathologist will monitor disease- in the 
SADCC region and identify hot spot looations. 
He will adapt and develop screening techniques, 
identify sources of resistance, and attempt to 
incorporate these traits into high-yielding varie-
ties and hybrids. 
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The Pearl Millet Annual Report for this year 
contains a new section-Cooperation with Na-
tional Programs. In this section, we have drawn 
together the various support and collaborative 
functions which ail ICRISAT pearl millet pro-
grams provide to national programs in some 25 
countries of Africa and Asia. These activites 
include: 1.the continuing supply of a wide range 
of breeding material, from breeding lines with 
new genetic variation to open-pollinated varie-
ties or hybrids ready for immediate testing in 
national trials; 2. organization of joint yield 
trials with national programs, designed to iden-
tify the best available material for national or 
regional use; 3. organiz'ition of international/ 
regional disease resistance nurseries designed to 
identify stable, reliable sources of disease resis-
tance for use by national program scientists; and 
4. the production of breeder seed of ICRISAT-
bred varieties and hybrids to be multiplied by 
public and private seed production agencies for 
direct supply to farmers. This cooperative area 
ofICRISAT's work on pearl millet will continue 
to expand as we breed or identify more genetic 
material of use to national programs. This coop-
eration is strengthened by our regular program 
of workshops, scientists' field days, and training 
provided to national program scientists, and in 
1986 by the second International Pearl Millet 
Workshop held at ICRISAT Center in April. 

We have also strengthened collaboration among 
our own millet programs at ICRISAT Center, 
ICRISAT Sahelian Center (ISC), and the South-
era African Development Coordination Confer-
encc(SADCC)/ICRISATregionalprogramcen-
tered in Zimbabwe, by establishing collaborative 
research projects and by better organizing the 
exchange of genetic materials and scientists 
betwen programs. The best material from the 
SADCC/ ICRISAT program and the ICRISAT 
Center advanced trials will now be sent to the 
ISC each year for preliminary evaluation of seed-
ling establishment ability in the harsher Sahelian 

conditions. Those entries that are selected will be 
included in two Initial Variety/ Hybrid Trials 
conducted by ISC scientists. Only the best 
entries from these trials will then go to national 
programs. This preliminary evaluation at ISC 
will assure that the time of national program 
scientists is not spent growing trials which often 
contain much nonadapted material. At the same 
time, it will assure that national programs do 
have regular access to new material of potential 
value to them. 

To make materials from ICRISAT Center 
and ISC available to SADCC national programs, 
a similar scheme has been established. After 
initial evaluation of these materials for agro
nomic and/or resistance traits by SADCC/ 
ICRISAT program scientists the best entries will 
move to national programs via a Pearl Millet 
Introduced Varieties Trial, or as breeding stocks. 

Both ISC and the SADCC/ICRISAT pro
gram will, in turn, increase the flow of promising 
varieties and breeding materials to the ICRISAT 
Center program. These will be evaluated and 
used primarily in the genetic diversification proj
ect, assuring a flow of elite African germplasm 
into the Center program's breeding projects. 
This should, in time, increase the adaptation of 
ICRISAT Center varieties to conditions in both 
the Sahelian and southern African millet-growing 
areas. 

This year, the All India Coordinated Millet 
Improvement Project (AICMIP) released two 
ICRISAT hybrids for general cultivation in 
India, the first ICRISAT pearl millet hybrids to 
be so recommended. Both are on ICRISAT 
male-sterile lines, indicating that the greater 
investment in breeding for male steriles made 
sevcral years ago is now paying dividends. A 
more encouraging pay-off to national programs 
(other than the release of ICRISAT's hybrids) 
has been the widespread use of ICRISA f's new 
male-sterile lines by public and private sector 
breeders in India to produce their own hybrids. 
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Physical Stresses 

Crop Establishment 

Evaluation of Seediing Emergence 

Seedling emergence rates in pearl millet are typi-
cally low, whether measured in farmers' fields 
(ICRISAT Annual Reports, 1981, pp. 59-61, 
and 1985, pp. 84-85) or in well-managed research 
station fields. Although the rates are higher in 
the latter case (Table 1), the, are still well below 
what would be expected, assuming both good 
seed and good sowing techniques and conditions, 

Poor emergence rates are not generally ex-
plainable by standard laboratory germination 
test results. Correlations ofemergence and labo-
ralory germination are often very low; on an 
average germination percentage accounted for 
less than 35% of the variation offield emergence 
for the data reported in Table 1. For seed col-
lected from farmers' fields, standard germina-
tion tests were particularly poor in predicting 

Table 1. Pearl millet seedling emergence rates 
in various studies, India and Niger, 1981-86. 

Seedling emergence (%) 

Variance' 
Study/ Experiment Mean (SD2) Range 

Farmers' fields (20) 

Sika:, India, 1983 11 123 2- 37 


Farmers' fields (23) 

Niamey, Niger, 1985 29 419 8- 94 


ICRISAT Center, field 
Composite progenies, 1982 

NEC (512) 36 219 11- 62 
SSC (343) 40 264 13- 72 
DC (513) 30 177 8- 63 
D2C (125) 32 216 9- 92 

ICRISAT Center, greenhouse 
Composite progenies, 1986 

MC (1000) 68 168 2-100 
IVC (200) 60 224 0-100 
NFLC (765) 66 150 0- 98 

I. Of individual feld or progeny means as appropriate, 

field emergence; being able to account for only?
to 10% of the variation in field emergence. 

We have devised a simple greenhouse test that 
gives better prediction of potential field 'mcr
gence. In this test, I0-cmdiameter pots are filled 
to within 5 cm of the top with a very sandy
Alfisol and placed ol a capillary matting. This is 
a felt-like material that when wet, distributes 
moisture evenly over its surface, and supplies 
water by capillary action te the soil in the pots, 
through the holes in the bottom of the pots. 
After the soil is wetted, 20 seeds of each entry are 
placed on the surface and covered with 3 cm of 
dry soil. THs Lipper layer ".,cs rapidly from 
moisture supply above and below the seed with
out any compaction of the soil. Seedlings emerge 
within 3 days and are counte on the 5th day 
after sowing (DAS). Mean rates of emergence in 
this test are considerably higher than those in the 
field (Table 1) but still well below 100%. 

We evaluated this greenhouse test for its abil
ity to predict field emergence in a set of 200 
composite progenies. We sowed individual pro
genies in pots in the greenhouse as described 
above and in a sandy Alfisol field with a precision plantr in October 1985, when soil tempera
sinpatrinOobr18,wnsilem rtures were moderate (28.0±0.7' C). The field was 

regularly irrigated with sprinklers to maintain 
adequate soil moisture (14.5±1.5% in the 0-10 
-cm profile) for germination and emergence.

The greenhouse emergence predicted 67% of
the variation in field emergence at normal, 3-cm 
sowing depth and 64% of the variation at a 

deeper, 8-cm sowing depth. Emergence from 8 
cm deep was 29%, less than the 34% from 3 cm, 
but is within the range of normal sowing depths 
found on farmers' fields. In comparison, labora
tory germination percentage for the same set of 
lines accounted for only 45% variance of field 
emergence from both 3-cm and 8-cm sowing 
depths. 

We are now using this simple greenhouse test 
to discard composite progenies with poor emer
gence before these are sown in the field for agro
nomic evaluation. This procedure will not only
improve the efficiency of progeny testing, and 
possibly allow some saving of seed (by allowingreduction in sowing rates), but may also provide 
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a simple, efficient method of selecting for improved there was some change in rank for the middle
emergence ability in the composites. Heritability order genotypes. We will attempt, in future tests, 
estimates of emergence calculated from within to improve the repeatability of the evaluation by 
and between family mean squares on one set of using insecticides to reduce seedling damage 
1000 S, progenies that had a range of emergence caused by soil insects, and by sowing ol ridges 
from 2 to 10fC7 (based on 60 seeds), indicated instead of on the flat to reduce the problem of 
that emergence ability is highly heritable (h2 

: differences in sowing depth and the damage to 
0.49 ±0.049). However, this is an upper limit to seedlings from blowing surface sand. 
the h2 as environmental as well as genetic causes In another screen we tested 18 entries, selected 
were responsible for the similarity within families, for tolerance to end-of-season drought, for resis

tance to seedling drought stress. Percentage sur
vival of all entries was less than the resistant 

Seedling Establishment under Drought Stress control, underlining the need to consider droughts 
that occur at different physiological stages of 

We continued research at ISC on the refinement crop growth as separate problems, and to develop 
and use of a simple field screening method for drought-screening techniques suitable for each 
evaluating drought resistance during the seed- of these stages. 
ling establishment phase (seedling survival), using 
two water levels, a regularly irrigated control 
and a nonirrigated stress treatment, (ICRISAT Drought Stress 
Annual Report 1985, p. 87). 

Using this method we evaluated the seedling Selection for Drought Tolerance 
drought resistance of 25 genotypes, largely breed
ing materials of Sahelian origin, on two occa- We have earlier reported a procedure for esti
sions between February and April 1986. All gen- mating genotype drought response (ICRISAT 
otypes had seedling survival percentages greater Annual Reports 1978-79 pp. 66-68, and 1982 pp. 
than that of the susceptible control, MBH 110 65-66). This method considers the residual varia
(Figure Ia and Ib), and in the second test some tion in grain yield under stress (after the effects 
were better than the resistant control, Sador of yield potential and drought escape on yield 
Local (Figure Ib). This was not the case for 15 under stress have been removed) as an estimate 
breeders' lines from the Sudanian Zone, selected of drought response. Where this residual drought 
in a much more favorable crop establishment response index (DRI) is positive--i.e., the actual 
environment at Samaru, Nigeria. All had lower yield under stress is greater than that expected 
seedling survival percentages than the resistant from the effects of drought escape and yield 
control, although some were not significantly potential--a genotype is considered to be toler
lower in the second test (Figure Ic and Id). These ant to stress. We are now concentrating on look
results again highlight the need to screen all ing for genotypic traits associated with a high, 
breeding selections for seedling survival, toelim- positive DRI that could be used as selection 
inatelines that have poor seedling establishment criteria in a breeding program for drought 
in the drier Sahelian Zone. tolerance. 

We compared the seedling survival percen- Since pearl millet genotypes can have consid

tages estimated on the two occasions for each erable variation in yield component arrange
trial (i.e., Figure la vs. lb and Ic vs. Id), to ment (i.e., panicles plant-', grains panicle-, etc.), 
evaluate the repeatability of the results. Percen- at a similar grain yield level, we initially deter
tage survival, the main criterion for selection, mined if there was any advantage in one yield 
was reasonably repeatable (r = 0.60, P < 0.01; component structure overanother underdrought 
and r = 0.59, P < 0.05). The most resistant and stress. If so, selection for genotypes adapted to 
susceptible lines maintained their ranks, whereas stress could be considerably simplified. We 
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Figure 1. Seedling survival distributions from repeated tests of 25 pearl millet breeding lines ofSahelian origin (a, b) and 16 breeding lines of Sudanian origin (c, d). Data are exprtssed as differencesfrom the resistant control (Sadore Local) in multiples of the SE. ISC, Sadore', Niger 1986. 

determined this by correlating DRI with yield measured in the irrigated treatment, suggestingcomponents both in the absence of stress (irri- no a priori advantage under stress to any yieldgated control) and the terminal stress treat- structure.
ments. There were no significant associations When we repeated thc correlations of DRIbetween DRI and yield component structure and yield components measured in the stress 
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(reflecting the effects of stress on yield compo
nent expression), a number of significant rela
tionships emerged (Table 2). DRI was generally 
more highly correlated to grain number unit 
area-' than to individual grain mass, although 
individual grain mass (which was entirely deter
mined during stress) was significantly correlated 
to DRI in 4 out of 6 years. The component of 
grain number unit area-' most closely related to 
DRI was grain number panicle-', which suggests 
a better ability to set grains under stress in toler
ant genotypes. However, the best predictor of 
DRI was grain yield panicle-', which represents 
an integrated evaluation of the ability to both set 
(grain number) and fill (grzin mass) grains under 
these conditions (Figure 2). 

It is quite logical that better grain setting or 
grain filling should be an expression of tolerance. 
to drought occurring at and after flowering, as 
these are the major developmrental/growth pro
cesses occurring during this time and are clearly 
closely related to grain yields produced under 
stress. We also considered two alternative ways 
of expressing such tolerance: grain yield pani
cle-1 as a proportion of that in the nonstressed 
control (to allow for inherent difference s in pan-
icle size) and threshing percentage, i.e., the ratio 
of grain to total panicle mass (which exprese;s 
the proportion of potential panicle yield realized). 
Neither was better correlated to DR! than grain 

. . 

,: . , 

" ,7' 

r, 
. 

- , 
Figure 2. Pearl millet panicle with complete 
grain set and relatively good grain filling, despite 
drought during flowering and grain filling, as evi
denced by its incomplete emergence from flag leaf 
sheath, ICRISAT Center, dry season 1986. 

Table 2. Correlations of drought response index (DRI) and yield components measured in the 
terminal stress treatment. Data from pearl mille,'advarnced drought trials, ICRISAT Center, 1931-86. 

Correlation coefficient 
Yield component 1981 1982 1983 1984 1985 1986 

Grains m-2  

Panicles m-2  
0.46*** 
0.10 

0.45*** 
0.06 

0.58*** 
0.33** 

0.26 
0.06 

0.59*** 
0.14 

0.30*** 
0.13 

Grains panicle-1 0.53*** 0.37*** 0.26* 0.57*** 0.41** 0.42** 
Individual grain mass G.25' 0.40*** 0.01 0.50*** 0.07 0.26** 

Grain yield panicle-' 
Stress 0.69*** 0.58*** 0.28* 0.72*0* 0.35** 0.65*** 
Stress/control 0.44*** 0.51"** 0.28* 0.68*** 0.43"** 0.35*** 

Threshing (%) 0.43*** 0.59*** 0.45*** 0.65*** 0.44*** 0.39*** 
No. of trial entries 72 72 72 54 90 81 
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yield panicle-' alone (Table 2). Since both require Biotic Stresses 
extra measurements, they have no advantage 
over grain yield panicle-. Foliar Diseases 

In 4 of the 6 years the relationship between 
-DRI and grain yield panicle ' in the stress treat- Downy Mildew (Sclerospora graminicola) 

ment was strong enough to consider yield pani
cle - 1 as a selection criterion for DRI (r = 0.58 to Virulence studies. In a collaborative project 
0.72, P<0.01, Table 2). Selection of materials with the Universityof Reading, UK, weexpanded 
with grain yield panicle-' exceeding the popula- research on the virulence of S. graminicola to 
tion mean value in each of these years would include new collections of the pathogen from 
have selected nearly all of the lines with a posi- Mali, Niger, Nigeria, and Senegal, and for the 
tive DRI and very few with negative DRI (Fig- first time, collections from southern Africa. The 
tire 3a and b). Similar selection in the 2 years reactions of several pearl millet lines and culti
with lower correlations of DRI and grain yield vars to these collections, and to those obtained 
panicle-I (r = 0.28 to 0.35, P < 0.05) would still earlier from India, again showed that collections 
have been effective in selecting the majority of from the eastern and central parts of West Africa 
lines with positive DRI (Figure 3c and d). Grain are more aggressive than those from Senegal or 
yield panicle- may thus be an effective selection India. There were no remarkable differences in 
criterion for tolerance to terminal stress, virulence among collections from Mali, Niger, 

We are currently testing this hypothesis in two and Nigeria. We did, however, find virulence 
populations (Early Composite, EC 1I and Bold differences among collections from Senegal and 
Seeded Early Composite, BSEC). During the southern Africa. For example, the line 700546 
1986 dry season, we grew 900 S, progenies of EC was resistant to all isolates from these areas, 
II in a replicated trial in the irrigated and termi- except to one isolate from Zambia. Similarly, 
nal stress treatments in the drought nursery. cultivars BK 560, MBH 110, and ICMV 4 
Grain yield panicle - 1 in the absence of stress (ICMS 7703) were resistant to all collectioi:s of 
ranged from 4 to 21 g, with a modal class (n = S. graminicola tested from Zambia and Zim
234) of 10-12 g. The progenies in this modal class babwe, except one sample from Zambia to 
had grain yields panicle-1 ranging from I to 10 g which they were moderately susceptible. These 
in the terminal stress treatment, with only small findings emphasize the importance of thoroughly 
effects of drought escape (r =0.03 NS) or panicle testing cultivars for their reaction to the downy 
number (r = 0.23, P<0.01) on grain yield pani- mildew (DM) pathogen as it exists in the areas 
cle-1. This broad range in grain yield panicle-' where they might be grown by farmers. 
and its effective independence from the two fac- We found qualitative differences among the 
torsjust cited, suggest that differences in drought S. gramrinicolacollections studied at the Univer
response exist among progenies in this population. sity of Reading in the type of DM symptoms 

We will use grain yield panicle -' under termi- produced on cultivar BJ 104. Collections from 
nal stress as one of the criteria to select progenies India and African countries generally produce a 
for recombination of the composites for the next high frequency of stunting and low sporulation 
cycle of selection and to produce varieties for in DM-infected plants of B.J 104. However, one 
multilocational testing. We will repeat this pro- S. grarminicola collection from Zambia pro
cess for at least three cycles of selection and then duced a high frequency of plants with normal 
evaluate the performance of both cycle bulks DM symptoms. 
and varieties under terminal stress, for changes 
in bothgrainyield and drought resistance (DRI), Recovery from downy mildew. WAidentified " 

to assess the effectiveness of successive cycles of and studied a previously unreported type of 
selection for better grain yield panicle-1 under response to DM in which seedling plants that 
stress. exhibit DM symptoms subsequently outgrow 
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'recovery' is expressed in two ways: 1. in main 
shoots, where symptom-free new leaves and pan
icles form after one or more early formed leaves 
show DM symptoms, and 2. in secondary hoots,

symptom-free basal shoots arise from 
plants showing DM symptoms on the main
shoot. Prioi to discovery of the recovery phe

it was generally believed that once 
DM symptoms appear on a plant all 

leaves and panicles appearing thereafter will
systemic infection symptoms. 

recovery resistance trait isprobably wide
spread in pearl millet, since we found it in 28 of

33 genotypes examined, although the fre
quency of occurrence varied considerably among

(Table 3). Furthermore, the trait was 
expressed at all three locations where it was 
tested in India and was also observed in Mali and 
Niger. Both sexual and asexual sporulation are 

reduced in infected tissues of plants
that recover compared to infected tissue of 
plants that do not recover. After recovery, new 
infection symptoms rarely develop, even follow

injection of a sporangial suspension into the 
growing point or after plants are cut back to 
encourage fresh tillering. This suggests that rec
overy may also involve a degree of acquired 
immunity. The recovery trait also appears to be 
heritable as we were able to increase its fre
quency by pedigree selection (Table 4).


We believe recovery resistance might be an

effective defense mechanism to be exploited in at
 
least some DM-resistance breeding activities,

but this needs further examination.
 

Resistance screening. Each year, pathologists 

and breeders at ICRISAT Center screen several 
thousand early to advanced lines and popula

in the DM nursery, and we are now
increasing the amount of material we screen in 

greenhouse. Breeding material gives us a vast 
source of DM resistance in agronomically sound 
material. We are therefore now screening few 

resources accessions because often these are not agronomically useful. 
We have started a program at ICRISAT Cen

ter to improve the level of DM resistance in 12 
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Table 3. Downy mildew incidence and recovery reaction of selected pearl millet genotypes, green
house test, ICRISAT Center, 1984-86. 

Genotype Origin 
No. of plants 

inoculated 
Downy mildew 
incidence (%) Recovery' (%) 

Accessions 
P 8830-2 Zimbabwe 32 9 67 
ICML 15 (700516) 
IP 1930-7 
P 3281-1 
E 298-2-1-8 

Nigeria 
India 
Togo 
India 

24 
117 
34 

137 

17 
14 
20 
18 

50 
44 
41 
40 

SDN 503-2 
EB 83-2-4 
700512-3 
P 43-1 

Nigeria 
India 
Nigeria 
Cameroon 

86 
68 

125 
30 

29 
82 
20 
30 

36 
25 
24 
22 

P 1449-2 Senegal 96 33 22 
ICML 16 (700651) 
MPP 7147-2-1-8 
J 1593 
P 7 
P 310-1 
IP 3646-I 

Nigeria 
India 
India 
Mali 
Mali 
India 

96 
48 
32 

325 
34 
29 

9 
42 
34 
4 

27 
34 

22 
20 
18 
17 
11 
3 

7042 Chad 215 84 1 

Advanced breeding lines 
841 A 
5141A 
ICMA I (81A) 
ICMA 3 (842A) 
ICMA 4 (834A) 

India 
India 
India 
USA 
India 

147 
87 

181 
139 
297 

25 
77 
13 
13 
38 

30 
28 
27 
11 
10 

1IlA 
ICMP 84814 

India 
India 

155 
220 

9 
22 

9 
2 

Tift 23A 
ICMA 2 (843A) 

USA 
USA 

140 
212 

92 
72 

0 
0 

833A 
J 104 

India 
India 

224 
205 

5 
97 

0 
02 

Varieties and hybrids 
ICMH 84814 
BJ 104 

India 
India 

149 
68 

31 
83 

39 
25 

ICMV I (WC-C75) 
ICMV 4 (ICMS 7703) 
NHB 3 

India 
India 
India 

347 
286 
170 

15 
25 
88 

22 
8 
0 

I. Recovery is based on the number of infected plants. The majority of plants that did not show recovery died within 30 DAS. 
2. Data from field screening, 1982. 

varieties derived from four breeding composites. DM resistance, earliness, tillering, and panicle
We assessed S2 and S3 progenies during 1986 for type.
both DM resistance and agronomic traits, and In Niger, our best location for screening for 
selected approximately 1500 single plants for DM resistance is currently at the lnstitut national 



78 PearlMillet 

de recherches agronomiques du Niger (INRAN) 
station at Bengou, where we sowed five trials and 
nurseries that included a total of 315 entries. We 
also evaluated three nurseries from ICRISAT 
Center. Some entries showed a high level of 
resistance and the standard control NHB 3, that 
is not so susceptible in Niger as it is at ICR ISAT 
Center, had 10 to 30% DM infection. We hope to 
be able to improve DM screening at Bengou in 
1987 by introducing sprinkler irrigation to in-
crease relative humidity (R H) during dry periods, 

Utilization of resistance. We are transferring 
DM resistance to selected pollinators and male-
sterile lines from three sources of stable rcsis-
tance, ICML 12 (1P7), ICMI. 16 (700651), and 
ICML 13 (SI)N 503). We hope that this will 
produce hybrid parents and hybrids with more 
stable DM resistance. 

Rust (Pucciniapetniseti) 

Plant age and susceptibility. We initiated a 
field experiment to study the relationship between 
host stage of development and susceptibility to 
rust. At ICRISAT C-nter, we sowed three rust-
susceptible cultivars five times, at intervals of 15 
days during the late rainy and early postrainy 
qeasons. As the natural incidence of rust is usu-
ally highest during the winter months (Novem-
ber-January), the staggered sowings exposed 
plants of different maturities to high levels of 
rust pressure. We assessed plots fo, rust devel
opment at 15-day intervals from the seedling 
stage to maturity. There was a general increase in 
rust severity with increase in plant age, with a 
dramatic increase in severity after flowering. 
These results agree with earlier observations, 
and they emphasize the importance of evaluat-
ing materials for rust reaction at similar stages of 
host maturity, 

Resistance screening. We screened about 1100 
entries consisting of gem.etic resources acces-
sions, breeding materials, and lines previously 
evaluated for rust under natural disease pressure 
at Aurangabad, Bhavanisagar, ICRISAT Cen-

ter, and Mysore. A large number of entries, 
including breeding materials with resistaace based 
on a single dominant gene from ICML II (IP 
2696-1-4), remained rust free or had less than 
10% infection. Many of these entries are agro
nomically good. We completed the second back
cross to incorporate a single dominant gene for 
rust resistance into the popular male-sterile line, 
ICMA 1 (81 A). 

Rust appears to be important in localized 
areas of the SADCC region. We found varying 
reactions among entries screened from Brazil, 
India, Nigeria, Senegal, Sudan, and Zimbabwe, 
with those from Nigeria that had a high fre
quency of susceptibility. Two lines, ICML II (IP 
2696-1-4) and P 1564, that are highly resistant to 
rust in India were also highly resistant in the 
SADCC region. 

False Mildew (Beniowskia sphaeroidea) 

Reports of the false mildew disease have gener
ally been limited to southern and eastern Africa; 
we found it in Malawi, Tanzania, Zambia, and 
Zimbabwe in 1986. In a multilocational, regional 
nursery, we found reaction to false mildew con
sistent across two locations, with 7042 DMR 
and ICM PS 1500-7-3-2 showing high levels of 
resistance (disease severity ,<5%). Based on 
limited experience, we believe that scoring for 
reaction to false mildew is best done during the 
grain-filling period. 

Panicle Diseases 

Ergot (Cla viceps fusiformis) 

Mechanism of resistrnce. We continued to 
elucidate the mechanism of ergot resistance in 
selected lines of pearl millet in a collaborative 
project with Imperial College, University of 
London, UK (funded by the Overseas Develop
ment Administration, ODA). 

Ergot infection occurs through fresh receptive 
stigmas at the time of flowering, consequently 
we paid special attention to the gynoecial struc
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ture and pollen biology of pearl millet. We found and Sierra Leone, and we selected 73 entries with 
that hyphal penetration and growth remain high levels of resistance (<5% severity) and 
intercellular throughout the gynoecial tissue but desirable agronomic Lraits for further testing 
are markediy polarized 'owards the chalazal pad (Table 5). 
through which nutrients enter the ovule. At the During the rainy season we screened over 750 
time of inoculation the gross gynoecial structure pathology entries including Togo x ER F 4 lines, 
appears to be the saire for both resistant and advanced ER inbreds, and ER F, lines. Of these, 
susceptible lines. we evaluated 381 entries at both ICRISAT Cen-

Our observations at the cellular level, on the ter and Aurangabad. A large number of entries,
interactions between pathogenic hyphae and 285 (71%), possessed both high levels of ergot
resistant host tissue, did not indicate a hypersen- resistance (< 5% severity) and desirable agro
sitive response in the host tissue adjacent to nomic traits. 
invading hyphac. The high quantity and good distribution of 

Concurrent investigations at the field level rainfall in Niger in 1986 favored ergot infection 
and under controlled experimentation indicated at ISC, Sador&. The disease was also commonly
that ergot escape may be mediated through a found in farmers' fields in Niger, but it was of 
postpo!lination, stigmatic constriction phevo- little economic importance. As the conditions 
menon. Rapid compatiblc self pollination, 12-24 h for ergot infection were favorable, entries of the 
after stigma emergence, induced collapse in a ICRISAT Pearl Millet African Zone A Trial 
localized region of the stigma preventing subse- (IMZAT), were evaluated following artificial 
quent entry and invasion by ergot hyphae. Post- inoculation at ISC, Sador6 (Figure 4). The infec
pollination stigmatic constriction occurrs as a tion severity was between 13 and 40% with a 
normal event in flowering and appears to be mean of 26%. In the same trial, mean ergot infec
ubiquitou,: througl ut pearl millet. Spec:alized naturaltion under conditions at Bengou was 
ultrastructural techniques have been developed only 2%. 
at ICRISAT Center to examine the mechanism 
of constriction, and to elucidate biochemical 
events that elicit cellular collapse. The lack of a 
distinct hypersensitive reaction in resistant host Smut (Tolyposporium penicillariae) 
tissue, and the complexity of ergot infection 
indicates that resistance is polygenically con- Biology. We concluded a 3-year study in which 
trolled; the expression of resistance involving every 15 days we monitored the levels of T.peni
multiple interactions between pathogen and host. cillariaesporidia in the air above two fields a-
This view is in accord with field data that illus- ICRISAT Center. Airh c'ne sporidia are essen
trated the instability of' this trait. tial for primary infection of the floral-infecting 

smut disease. Our results indicate that initiation 
Resistance screening. During 1986 we screened of sporidial release generally follows rains by
2300 breeding and pathology entries for resis- several days to a few weeks, and that moder,.e 
tance at ICRISAT Center (rainy and postrainy to high levels of airborne sporidia are present it 
seasons) and Aurangabad (rainy season) using ICRISAT Center from about mid-August to 
artificial inoculation. We continued to identify mid-October. Levels of airborne sporidia appear
and produce ergot-resistant (ER) lines with to be positively correlated to RH, with high
emphasis on concentrating resistance genes from spore levels coinciding with periods of high RH. 
diverse sources and selecting progenies with Thus, moderate to high levels of sporidia are 
desirable agronomic traits. During the postrainy naturally present in the air during the rainy sea
season we screened 238 pathology entries includ- son at the same time that pearl millet flowers. We 
ing Togo x ER F5 lines, ICMPES populations, also found airborne sporidia during the dry sea
test crosses, and accessions from Mozambique son, but only after showers. 
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Table 5. Summary of results from screening for ergot resistance in pearl millet, ICRISAT Center (IC)
and Aurangabad (AB), ra.ny (R) and postrainy (FR) seasons, 1986. 

L ocat ion Entries
f o h c
Entries and 

Material screened season 0-< 1 

Entries 

1-5 

in the ergot 
Entries___ 

6-10 

severity 

11-20 

(%)class' 
andER 
21-30 >30 

from which
2 panicles 
selected 

Togo x ER F,lines 
Togo x ER F5 lines 

40 
124 

IC PR 
IC R 

0 
9 

3 
45 

10 
27 

17 
29 

7 
10 

3 
4 

23 
48 

124 AB R 3 33 34 25 23 6 12 
Advanced ER inbreds 172 IC R 79 70 I1 8 3 1 157 

172 AB R 46 106 17 2 0 1 
ER F,lines 85 IC R 54 28 1 0 0 2 68 

85 AB R 44 37 2 0 0 2 
ICMPES3 81 IC PR 0 32 is 20 5 6 32 
Testcrosses 39 IC PR 0 0 0 2 15 22 
Accessions 78 IC PR 9 14 13 18 6 27 18 

I. Based on mean of 20-40 bagged-inoculated panicles. 
2. ER = Ergot resistant. 
3. ICMPES = ICRISAT Millht Pathto;ly Ergot Sib-bulks. 

Figure 4. Field screening pearl millet for ergot resistance using inoculation techniques and evaluation 
procedures developed at ICRISAT Center, ISC, Sadore. Niger, rainy season 1986. 

;"N,'.. 
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Resistance screening. We screened more than sures applied by hand inoculation. (ICRISAT
2600 entries for smut resistance at ICRISAT Annual Report 1985, pp. 97 and 98). 
Center and Hisar, including 266 pathology entries Among the AICMIP hybrid and population
that were evaluated for their reaction to smut trial entries, 940/ showed resistance to DM, 17% 
following artificial inoculation at ICRISAT Cen- to smut, but none to ergot. The AICMIP disease 
ter during the rainy season. Of 26 F, lines of nurseries in 1986 included very few entries, all 
crosses between smut-resistant dwarf lines, there were ICR ISAT contributions, and all were resis
was practically no segregation for susceptibility. tant to the target disease and to one or more 
Based on evaluation of about 200 panicles other diseases.
 
cross-', almost all showed 1
1%mean smut sev- Among the ICRISAT materials we found all 
erity. Among F, progenies of 18 crosses between 41 entries of the International Pearl Millet 
simut-resistant (SR) accessions, 16 showed mean Adaptation Trials(IPMAT-lOand -1l) resistant 
smut severities of 5% or less. to DM, 21 entries had combined resistance to 

We also evaluated, following artificial inocu- DM and smut, and one entry had combined 
lation, 205 SR inbreds, that were selected after resistance to DM, smut, and rust. We again
several years of testing at ICRISAT Center and found most entries of the international disease 
Hisar. Over 90% of these were highly resistant nurseries resistant to the target disease. In the 
(<1% mean smut severity). We ilso evaluated International Pearl Millet Downy Mildew Nur
these inbreds at ISC, Sador , where again almost sery (IPMDMN), 8 of the 18 entries had com
90 ,' were highly resistant. At Sador 3, panicles bined resistance to DM and smut; in the Interna
were bagged but not inoculated; however, the tional Pearl Millet Ergot Nursery (IPMEN), 26
 
mean smut severity on the standard control, 1.I of the 31 entries had combined resistance to
 
104, was 49%, with smut severity among the ergot, DM, and smut; and in the International
 
many control plots ranging from 37 to 67%. This Pearl Millet Smut Nursery (IPMSN), all 17
 
strongly suggests that smut resistance identified entries had combined resistance to DM and
 
at ICRISAT Center may be effective in West smut. However, we only find ergot resistance in
 
Africa, although in Niger the agronomic per- genotypes that have been bred for this trait.
 
formance of materials from ICRI SAT Center is 
 We also evaluated 437 disease -resistant inbreds
 
generally not so good as that of West African for combined resistance to two or more diseases.
 
material. We hope to build tip a stock of smut-
 A large percentage (77%) of the ER-inbrcds were
 
resistant material for our breeding program at also resistant to DM and smut; 72% of the SR-

ISC. inbreds had combined resistance to DM and 

smut; and 51% of the additional SR-lines tested 
had combined resistance to DM and smut. 

Multiple Disease Resistance 

We screened 724 entries for multiple resistance Striga hermonthica 
to DM, ergot, smut, and rust during the 1986 
rainy season at ICRISAT Center. These included During the 1986 rainy season we tested selection 
entries from the all India yield trials (hybrids and 3/414K-2-2, derived from the 3/4HK popula
populations) and disease nurseries of the All tion, for its agronomic performance and Striga
India Coordinated Millets Improvement Project reaction in a Strigasick plot at Aourema village 
(AICMIP), ertries from the international yield in the northern region of Burkina Faso. There 
trial and disease nurseries of ICRISAT Center, were significantly fewer (P<0.05) Strigaplants 
and some ICRISAT inbreds (Table 6). on 3/4HK-2-2 than on the nonselected 3/4HK

We conducted our multiple disease evalua- population. There were acomparable number of 
tions in the DM nursery under natural DM and Striga plants on the local variety (control) to 
rust pressures, and artificial ergot and smut pres- those on 3/4H K-2-2 (Table 7). There were signif
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Table 6. Number of pearl millet lines screened for multiple disease resistance, ICRISAT Center, rainy 
season 1986.
 

Entries found resistant (< 10% infection) to: 
Trial/nursery' Entries screened Downy mildew Ergot Smut Rust 

AICMIP 
Yield trials 
Downy mildew narsery 

132 
3 

124 
2 

0 
I 

23 
2 

19 
1 

Ergct nursery 5 4 5 5 -2 
Smut nursery 
Polliiators 
Male steriles 

5 
26 

9 

3 
22 

5 

0 
0 
0 

5 
13 
0 

-
1 
0 

ICRISAT 
IPMAT-10 
IPMAT-l 1 
IPMDMN 

20 
21 
18 

20 
21 
15 

0 
0 
0 

13 
8 
8 

0 
1 
6 

IPMEN 
IPMSN 

31 
17 

26 
17 

31 
0 

31 
17 

-

-
ER inbreds 257 198 243 255 543 
SR inbreds 100 72 - 100 -
SR lines 

Total 
80 
724 

41 
570 

-

280 
65 
545 82 

I. IPMAT 
IPMDMN 
IPMEN 
IPMSN 

= 
= 
= 
= 

International Pearl Millet Adaptation Trial. 
International Pearl Millet Downy Mildew Nursery. 
International Pearl Millet Ergot Nursery. 
International Pearl Millet Smut Nursery. 

ER = Ergot resistant. 
SR = Smut resistant. 

2. - = Not screened. 
3. Screened at Aurangabad under natural disease pressure. 

Table 7. Comparison of three pearl millet varieties for Striga hermonthica resistance and agronomic
traits in a Striga sick plot Aourema, Burkina Faso, rainy season 1986. 

No. of Striga Grain Panicle Plant Time to 
plants yield length height 50% flower-

Entry (24 M- 2
) (kg ha-t ) (cm) (i) ing (days) 

3/4HK-2-2 164 (12.8)1 520 33 1.86 66 
3/4HK 372 (19.3) 710 43 1.28 63 
Aoureina Local 174 (13.2) 610 33 2.12 79 

SE 1(2.04) ±151.9 ±0.9 ±0.071 ±1.1 

Mean (15.1) 614 37 1.75 69 

I. Figures in parentheses are square root transformed values. 
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icant differences among the three varieties for promising lines of West African origin in pots 
panicle length, plant height, and days to 50% and in the field at four locations in Niger. Their 
flowering, but not for grain yield. Although performance and tolerance to Strigain pots was 
3/4HK-2-2 was significantly less susceptable to good, but their establishment and agronomic 
Strigathan its nonselected parent population, it performance in the field at all sites was poor and 
was not superior to the local variety. Its earliness needs further improvement. 
compared to the local should, however, reduce 
the risk of yield loss due to end-of-season 
drought. This selection needs further improve- Insect Pests 
ment for yield and Striga resistance. However, 
these and similar results from trials in previous Population Monitoring and Insect Biology 
years are encouraging because they demonstrate 
the possibility of selecting genotypes that sup- Results of soil sampling at ISC for diapausing 
port fewer emerged Strigaplants. pupae of the earhead caterpillar, Raghuva albi-

At ISC, we grew four trials in the Striga-sick punctellain Im x Irm x0.3 m subplots showed a 
plots and three trials in pots (Figure 5). Monthly decline from 10 pupae m-3 of soil in November 
sowings in pots showed highest infestation of 1985, to 2 pupae M-3 in May 1986. Adult moths 
Striga hermonthica in June. We tested some were first recorded on 23 July, 67 days after a 

Figure 5. Evaluating pot-grown pearl millet genotypes for Striga hermonthica infestation, ISC, 
Sadore, Niger, rainy season 1986. 

( ,, Lj1 00M. .. 

1_.. %o!A 
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rainfall of 26 mm on 18 May, as against 35 days 
after a rainfall in 1983, 43 days in 1984, and 49 
days in 19 85 . This prolonged postdiapause period 
in 1986 is attributed to a dry spell between 24 
May and 15 June during which only one rainfall 
of 37.2 mm was received on 29 May. Based on 
this observation and earlier studies (ICRISAT 
Annual Reports 1984, pp. 99-100, and 1985, pp. 
98-99), we conclude that continued development 
during the postdiapause phase and subsequent 
moth emergence is essentially dependent onAon_ 
interrupted favorable soil moisture conditions, 
within threshold limits necessary for sustained 
growth. 

The level of stem borer, Acigona ignefusalis 
infestation in 1986 was 81 larvae (100 stems)-' at 
peak infestation in September, similar to that 
recorded in 1985. Adult moths emerging from 
diapausing populations were first recorded in 
light traps on 25 May, and continued appearing 
for 135 days during the growing season, 

Crop Loss Assessment (Raghuva albipunctella) 

At Chikal, (Filingue Department, northern Niger) 
a regular pest hot spot, we used three pearl millet 

cultivars, HKB-Tif (early, improved), CIVT 
(recommended, improved), and a local landrace 
(late) to estimate losses due to R. albipunctella 
damage. We used decamethrine (Decis®) as a 
high-volume spray (0.01% EC) on protected 
control plots, and made four applications at 
weekly intervals starting at head exsertion. 

Crop damage by R. alhipunctcilawas highest 
in the early-maturing HKB-Tif and corresponded 
to the highest (41%) loss in grain yield (Table 8). 
It was lowest (8% yield loss) in the later
flowering local landrace. From our earlier stud
ies on insect biology, we conclude that crop 
damage in existing varieties is a function of the 
factors that govern early seasonal growth and 
development of the pest population (that is, 
onset of rains and subsequent favorable soil 
moisture conditions), and the synchronized oc
currence of its ecological requirements; which 
are provided by early sowing or the presence of 
early-maturing crop varieties. 

Testing for Host-plant Resistance 

We tested 15 entries of the IMZAT for drier 
zones for their performance under high natural 

Table 8. Assessment of crop loss caused by Raghuva albipunctellainfestation in three pearl millet 
cultivars, Chikal, Niger, 1986. 

Entry Freatment 

HKB-Tif Protected control' 
Unprotected 

CIVT Protected control' 
Unprotected 

Local Protected control' 
Unprotected 

SE 

Mean 

CV(%) 

I. Protected with Decis®, 0.01% EC. 
2. Measured on a 1-5 scale, where I 

Time to 50% 
flowering 

(days) 

Panicles 
with eggs 

(%) 

Damaged 
panicles 

(%) 
Damage 
severity2 

Grain 
yield 

(t ha-') 

Yield 
loss 
(%) 

56 4 9 1.0 1.84 41 
54 54 53 4.2 1.09 
58 
56 

4 
33 

9 
22 

1.0 
2.8 

2.31 
1.92 

17 

69 2 8 1.2 1.65 8 
68 11 15 1.8 1.52 
±3.7 ±3.3 ±0.10 ±0.084 
59 15 19 2.0 1.72 

4 20 

zero to low severity and 5 high severity. 
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Table 9. Performance of 15 entries from the ICRISAT Pearl Millet Zone A Trial (IMZAT) under 
natural pest infestations, Chikal, Niger, 1986. 

Acigona infestation Raghuva infestation 

Infested Bored No. of Infested 

Entry 
stems 
(%) 

internode 
(%) 

larvae 
(10 stems) -

panicles 
(%) 

Damage 
severity' 

Yield 
(t ha-1) 

ICMV 5 (ITMV 8001) 
C12L 
IKMC I 
HKP 
CT2 

100 
100 
93 

100 
97 

87 
74 
67 
83 
89 

24 
31 
25 
38 
36 

73 
75 
78 
52 
68 

4.0 
4.0 
4.3 
3.7 
4.3 

1.46 
1.42 
1.30 
1.29 
1.06 

TI8L 
ICMV 7 (ITMV 8304) 
IKMV 8201 
INMV 8212 
SE 13 

100 
lOG 
97 

100 
100 

86 
92 
69 
73 
88 

44 
35 
22 
22 
31 

57 
63 
67 
97 
80 

3.3 
4.7 
4.7 
4.7 
5.0 

0.90 
0.75 
0.68 
0.60 
0.57 

SE 360 
SE 2124 
IKMV 8501 
INMV 8271 
INMV 8206 

100 
100 
100 
100 
93 

67 
83 
90 
79 
67 

12 
18 
27 
13 
21 

87 
83 
73 
77 
80 

4.7 
5.0 
4.3 
5.0 
5.0 

0.42 
0.35 
0.34 
0.28 
0.27 

Control 
Local 100 68 27 35 2.5 I.1I 
SE ±2.4 ±9.2 ±8.8 ±14.3 ±0.53 
Mean 99 78 27 71 4.4 0.80 

CV(%) 3 19 41 24 13 
1. Measured on a 1-5 scale, where I =zero to low severity and 5 = high severity. 

infestations of stem borers and earhead caterpil- Burkina Faso. These field surveys in the South
lar at Chikal. All entries showed high levels ern Sahelian and Northern Sudanian Zones of 
of susceptibility to both pests (Table 9). The both countries covered 53 sites in Niger and 18 in 
local control cultivar was least affected by Burkina Faso. 
R. albipunctella. No egg parasites were recorded on A. ignefusaLis. 

Larval parasitism was low with only 12% of 

Survey of Natural Enemies 
samples collected either producing parasites or 
failing to complete their development due to 
obvious parasitism. iwo species of primary para-

In collaboration with the Commonwealth Insti- sites, Euvipio ruta Szepl. (Braconidae) and 
tute of Biological Control (CIBC) we conducted Syzeuctus sp (ichneumonidae), occurred 
a survey on the species complex, relative fre- throughout the survey area. Syzeuctus sp is the 
quencies, and distribution of natural enemies of main larval parasite of A. ignefusalis and was by
A. ignefusalisand R. albipunctella in Niger and far the more abundant, occurring in 17 out of 32 
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sites. E. rufl occurred only at 10 sites. A third 
species, Goniozus procerae Risbec (Bethylidae) 
was occasionally present. Pupal parasitism was 
much lower with only 3 out of 430 pupae col-
lected producing parasites. Hvperchalcidia 
soudancn.Sis Steffan (Chalcididae) was the only 
species recorde. 

Three groups of egg parasites were recorded 
on R. albipunctella, a [lrichogra iniatid 
(Trichogramnnatoideasp nv lIutea) "aSaelionid 
(Telenonns atiares Nixon) and an unidentified 
Encyrtid. The overall rate ofpegg arasitism was 
less than I07i with a naxiiun of 40()%1 being 
recorded only at Sador3. Two egg predators 
werc also recorded, Onussp (Anthocoridae) and 
Glyp.s.s conspicusWestwv. (IPentatomidae). Only 
4(7 of larvae collected were parasitized and plO
duced two miajor species: Bracon hhetor Say 
(Braconidae) and Litoniasti. sp. A third species 
Goniophthalnws halli Mes. (Tachnidae) was 
recovered from fewer specimens. None of the 
pupae that developed from larvae we collected 
yielded parasites. I!L dcr field conditions, prepu-

pal larvae pupate in the soil and are therefore 
largely protected from further parasite attack. 

The results ofthis survey indicate that the para
site and predator complex on both species is 
poorly developed. However, inventory work on 
indigenous parasites and predators should con
tinue as part of our studies on pest population 
dynamics and to assist in the development of pest 
management strategies. 

Microbial Association 

Vesicular Arbuscular Mycorrhizae (VAM) 

Heterosis for VAM Symbiosis 

We had previously reported that VAM coloniza
tion is a heritable trait (ICIlISAT/i nnual Report 
1983, p. 89). Comparisons of six hybrids and 
their parents have now confirmed that VAM 
colonization and phosphorus uptake show hete
rosis (Table 10). The percentage heterosis calcu-

Table 10. Mycorrhizal colonization, phosphorus uptake, and grain yields of pearl millet parents and 
F, hybrids, Bhavanisagar, India, rain) season 1986. 

Genotype 

Female parent 
ICMA I (81A) 

Male parent and hybrid 
IPC 000155 

ICMA I , IPC 000155 

ICP 453 

ICMA I x ICP 453 


SD2 , ExB-l 
lCMA I " SD, x Exi-I 

Controls 
ICMV 1 (WC-C75) 
MBH 110 

SE 

CV (%) 

VAM colonization 
(Q) 

18 

27 
40 (48)' 

32 
38 (19) 

22 
40 (82) 

20 
15 


±3.3 

22 

1. Figures in parentheses indicate percentage heterosis over better parent. 

Phosphorus uptake 
(g ha-i') 

Grain yield 
(t ha-') 

65 1.83 

121 1.33 
195 (61) 2.33 (75) 

80 2.00 
287 (260) 5.00 (150) 

92 1.00 
160 (74) 2.67 (167) 

241 1.67 
110 2.17 

±15.6 ±0.250 

18 22 
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lated over the better parent ranged from 19 to 
82% for VAM colonization and from 61 to 260% 
for phosphorus uptake among the six crosses 
tested. This result clearly shows that it is possible 
to breed pearl millet for higher levels of VAM 
colonization. 

Genotypic Differences in Response to VAM 
Inoculation 

During the 1986 rainy season, we field-tested the 
response to VAM inoculation using 10 geno-
types selected for VA M colonization or response 
to VAM inoculation from our 1983, 1984, and 
1985 field experiments. At ICRISAT Center, 3 
out of these 10 genotypes, IP 3120, IP 3840, and 
11 4382 responded to inoculation with a mixture 
of Clonmus constrictu)n Glons mosseac, and 
Acauhospora tnor)ucaw with significant (' 
0.05) increases in grain yield by 495 kg Iha I'for 1l1 

-3120, 387 kg lia for 11P3840, and 335 kg ha - 1for 
IP 4382. At llhavanisagar, four genotypes had 

1600 a 

[] I1CMV I
 
E1400 -]gnaw 


MuI 1 


1200 -

SE I 

S- 1000 


CX
o6 8(1( 

800-

600 

'C

400 -. 

E 200 

2 5 10 20 100 
Phosphorus concentration (ppm) 

increased total dry matter (TDM) production, 
11 5692 by 660 kg ha-', IP 5921 by 591 kg ha-', 
MBH I110 by 521 kg ha -', and 11) 4382 by 498 kg 
ha-'. At the same location three genotypes had 
increased grain yield ICMV I (WC-C75) by 308 
kg ha-', 1l14382 by 209 kg ha I, and 11 3120 by 
154 kg ha- 1, in response to inoculation with the 
mixture of three VAM species. 111 4382, among 
the genotypes tested, has consistently responded 
to VAM inoculation irrespective of location, 
cropping season, and year. 

We also tested responses to VAM inoculation 
at different levels of applied phosphorus in a pot 
experiment using genotypes selected from pre
vious field studies on the basis of relative rates of 
colonization. We tested six genotypes: two each 
with high. intermediate, and low rates. We found 
significant (P 0.05) interactions for TIM pro
duction and phosphorus uptake amongst geno
tyl,e, the level of phosphorus applied, and inocu
lation. All six genotypes had increased TDM 
production due !o VAM inoculation: the results 
for three genotypes are shown in Figure 6. At 

1600 b 

1400
u 

1200-
SE I 

j 1000

800
2:800- / 

600 

4001 

200 

)hosphorus concentration (ppm) 
Figure 6. Increases:in a. dry matter, and b. phosphorous uptake in response to VAM inoculation in 
three pearl millet genotypes grown in pots at five levels of soil phosphorous, ICRISAT Center, 1986. 
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Figure 7. Percentage VAM colonization in 
three pearl millet genotypes inoculatd isith 
VAM, and grown in pots at five levels of soil 
phosphorous, ICRISAT Center, 1986. 

levels of phosphorus above 10 ppm, all genotypes 
responded less to 'v AM compared to levels of 
phosphorus below 10 ppm. Zanfarwa, an acces-
sion from Nigeria, was most responsive at very 
low levels of phosphorus (t)-5 ppnP1) ) where the 
growth of nonmycorrhizal seedlings was severely 
retarded, 

Differences in VAM colonization in response 
to phosphorus level occurred among the three 
genotypes (Fig. 7). Zanfarwa and MBH 110 did 
not show a decrease in VAM colonization even at 
20 ppm P,but colomization ofl1CM V I (WC-C75) 
wa:; greatly reduced by the addition of 20 ppm P. 
These results will be useful in identifying geno
types that respond better to VAM inoculation at a 
given phosphorus level, and tlat maintain a high
degree of VAM colonization even at higher levels 
of phosphorus. 

Role of VAM in Sahelian Soils 

We earlier reported the distribution of VAM in 
millet growing areas in western Niger andthe increases in plant growth and phosphorus 

tiptake due to VAM inoculation (ICRISAT 
Annual Report 1985, pp. 103-104). During the 
1986 rainy season, we examined the beneficial
effect of VAM on pearl millet cultivar Sador& 

Results of a pot test, comparing different 
phosphorus levels from 0 to 34 kg P ha- I (as single 
superphosphate) showed that VAM (G. constric
turn) inoculation enhanced plant growth and 
phosphorus uptake at all phosphorus levels. In 
another pot trial with rockKodjari phosphate 

acidulated) at 4.3 kg P ha- equivalent,
VAM inoculation doubled the shoot mass and 
phosphorus uptake compared to the noninocu
lated control. This indicates that VAM can beexploited to enhance the use of sparingly soluble P 
from rock phosphate deposits in the Sahel. We
also conducted a field experiment with Sador6 
Local to examine the effects of VAM inoculation
and phosphorus application on phosphorus up
take. Without phosphorus application, plants
inoculated with VAM took up twice as much 
phosphorus as noninoculated plants, but the 
inoculation did not increase phosphorus uptake at
 
6.4, 12.8, or 19.3 kg P ha-'. In another field exper
iment in which we examined the effect of phos
phorus application on VAM colonization, appli
cations up to 19.3 kg P ha-' did not affect VAM
 
colonization of the roots. These results 
 suggest

that the benefit of VAM for phosphorus uptake in
 
pearl millet is primarily in soils low in phospho
rus, although VAM are present in soils with high
 
phosphorus levels. The reason why pearl millet 
(foes not respond to VAM inoculation with phos
phorus application in the field, but does so in pots, 
is not known. 

Biological Nitrogen Fixation 

Enumeration of N2-fixing Bacteria using ELISA 

We have previously studied serological relation
ships among nitrogen-fixing bacteria using the 
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enzyme-linked immunosorbent assay (ELISA) cumulative total plant dry matter (above ground 
(ICRISAT Annual Report 1985, pp. 100-101). parts) and plant N uptake averaged across the 

We tested the ELISA technique for the possible cultivars and N levels over 3 years were signifi
enumeration of dead cells. Broth cultures of cantly increased over the noninoculated control 
Azospirillum lipoferum were incubated at 32'C, by inoculation with A. lipoferurm (ICM 1001), 
45'Cand 550C, and cell numbers were estimated A. hrasilense(Sl 33), and Azotobacterchroococ
both by ELISA and the dilution and plate count- cure (1CM 2001) (Fig. 8a). The mean grain yield 
ing (DPC) techniques. At 320 C, the counts of cell across the cultivars and N levels was significantly 
numbers by both techniques were similar, but at increased only by inoculation with A. brasilense 
45°C and 55'C the counts by ELISA were higher (SL 33) and A. chroococcum(ICM 2001) (Fig. 8b). 
than those by I)0C. Also the cell numbers To measure the residual effect on yield of 3 
counted by the ELISA techiLquc werc higher than years' continued inoculations, we sowed ICM V I 
those counted by the I)PC technique in broth or (WC-C75) without inoculation in plots in the 
peat inoculants tthatt were either autoclaved at same field during the 1986 rainy season. The 
121'C for 15 rin or subjected to a high tempera- grain yield of ICMV I (WC-C75) was signifi
ture (65'C) for I h. This means that the I LISA cantly higher (P<0.05) in the plots previously 
technique appears to count both heat-killed and inoculated with A. ipofeCrum by 10%, and A. 
living cells. chroococcum by 14% over the noninoculated 

Using the ELISA and DIPC techniques we control (Figure 9). 
examined the persistence of 4.lipofkrutn in peat 
inoculant (commonly used in inoculation trials) 
incubated at 4°C and 40'C for 9 weeks, Two 
weeks after incubation at 40C, the cell counts by Assessment of Nitrogen Fixation 
ELISA were 6.5 - 107 and by the Dl)PC technique 
were 6.8 x 107,and at 40' C the counts were 9.0 x We measured the nitrogenase activities (C2H, 
101 by both techniques. Nine weeks after incuba- reduction) of 13.104 and pigeonpea cultivar 
tion at 4°C, the counts by I1.1 SA were 1.5 x 107 ICII. 87 to compare the rate of nitrogen fixation 
and by the DPC techniquc were 1.3 x 107 only a by pearl millet to the rat,: by a legume whose 
slight decline compared to the 2-week counts. nitrogen fixation is well recognized. 13.104 was 
However, at 400C the counts were 4.6 x 10' by inoculated with a mixture of A. lipokrut'mznl and 
ELISA and 9.0 x 101' by DPC, a significant decline A. chroococcum to ensure naximum nitrogen 
compared to those at 2 weeks. This indicates that fixation. We measured nitrogenase activity on 
incubation at 400 C causes a decline in the number five occasions between 21 to 71 DAS, which 
of viable cells in peat cuiture. Although both the corresponded to maturity in 13.1104 and flower-
ELISA and DPC techniques can effectively moni- ing in ICI, 87 (Table II). Nitrogenase activity 
tor the decline, the ELISA technique, which is less fluctuated in 13.1 104 with the highest activity at 
laborious and less time-consuming, is more 21 DAS and at nmaturity (71 )AS). On the other 
feasible, hand, nitrogenase activity in ICPl, 87 increased 

up to the early flowering stage (56 I)AS) and 
then declined. The overall mean nitrogenasc 
activity in 13.104 was 0.1(7 of that in lCPL 87. 

Response to Inoculation with N,-fixing Bacteria This result suggests that the conribut;on of ni
trogen fixation by pea,! millet to nitrugen ac-

For 3 years (1983-1985), we have studied the inoc- cumulation in the plant and soil is negligible, 
ulation response of four pearl millet cultivars B.1 compared to that by pigeonpea, estimates of 

-
104, ICMV I (WC-C75), ICMV 4 (ICMS 7703), which range from 4 to 70 kg N ha depending on 
and Ex-Bornu, grown in the same plot each year the cultivar (ICR ISAT Annual Report 1979/ 80, 
at three N levels (0, 20, and 100 kg N ha '). The p. 121). 
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Figure 8. a. Mean cumulative dry matter (t ha-1), and N-uptake (kg ha - I) across pearl millet Figure 9. Grair yield and dry matter (tgenotypes and N levels, and b. mean grain yield (t ha-) of genotypes across years and N levels, as ha-') of a pearl millet cover crop ICMV 1influenced by inoculation with three strains of nitrogen-fixing bacteria in each of three years. (WC-C75) grown in plots inoculated withICRISAT Center, rainy seasons 1983, 1984, and 1985. threc strains of nitrogen-fixing bacteria in 
1983, 1984, and 1985, ICRISAT rainy sea
son 1986. 
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Table 11. Nitrogen fixation (C2H2 reduction) by pearl millet BJ 104 and pigeonpea ICPL 87', 
greenhouse, ICRISAT Center, 1986. 

Nitrogenase activity 2 (nmole C2- 4 plant-[ h-1) 

Days after sowing 

21 37 45 56 71 Mean 

Pearl millet 
BJ 104 109 2 63 10 107 58 

SE ±] ;.4 ±1.0 ±8.5 ±3.0 ±42.1 ±23.0 
Pigeonpea 
ICPL 87 61 39400 90200 184000 65300 75800 

SE ±54.4 ±6 590 ±12 930 ±9 980 ±11900 ±30 780 

I.BJ 104 or ICPL 87 were grown in plastic containers each of which held 6 kg of Alfisol. 
2. 	Nitrogenase was measured by intact-plant assay (ICRISAT Annual Report 1979/80, p.41). Each value isan average of five 

replications. 

Grain and Food Quality food in Haryana. Twelve persons scored rotis 
made tnder identical conditions for color and 

Roti Quality appearance, texture, odor, taste, and general 
acceptability. Rotis from ICMV I (WC-C75)

We evaluated the rotiquality of four new ICR I- and ICM H 451 were rated eqlal to or better than 
SAT varieties that have either been released those from both control varieties for all traits 
(ICMV I (WC-C751, ICMV4(ICMS7703),and evaluated. (Table 12). Rots from ICNIV 4 
ICMH 451) or are ii. advanced stagesoftcsting (ICMS 7703) were generally comparable to 
(ICTP 8203). Roti quality was evaluated by a those [om the conttrols, except in texture, but 
taste panel at Haryana Agricultural University rotis from IWCTI 8203 were rated lower than the 
(HAU), 11isar, as pearl millet roti is a common controls for most of the evaltated traits. 

'Fable 12. Roti quality characteristics of ICRISAT pearl millet cultivars, Hisar 1985. 

Roti characteristics' 

General 
Cultivar 	 Color 
 Texture Odor Taste acceptability 

ICMV I(WC-C75) 3.5 2.9 2.8 3.1 3.2 
ICMH 451 3.5 3.0 2.9 3.0 3.0 
ICMV 4 (ICMS 7703) 2.9 2.4 2.7 2.9 2.7 
ICTP 8203 2.4 3.1 2.4 2.4 2.4 

Controls 
Rajasthan local 2.9 2.8 2.8 2.8 2.9 
MBH 110 2.6 2.7 	 2.52.6 	 2.6 
SE 	 ±0.19 ±0.10 ±0.07 ±0.11 ±0.12
 

=
1.Based on a 1-4 scale, where I poor and 4 good. 
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Dehulling Quality in Relation to Grain Size selected open-pollinated panicles in each cornand Shape posite. The compactness of the panicle was used 
as the main criterion to select for grain shape.Dehulling the grain is the first important step in Very tightly filled, compact panicles producedthe preparation of many African cereal food (in general) longer grains, whereas loose paniclesproducts. It is done inhouseholds, village market piroduced round grains. There was considerable

places, and sometimes even in streets by small variation among the four composites in the provendors (Figure 10). Ease of dehulling is an portion of progenies that showed different grainimportant varietal characteristic. In studies on shape types. Of 485 New Elite Composite (NELCvarious aspects of the dehulling quality of pearl C4) progenies, 96 were classed as long grained,
millet grains, we have found a wide variation in 368 as intermediate, and 21 as round, comparedgrain size and shape within and among cultivars. to 427 Early Composite II (EC II-CO) progenies,Both factors may influence ease ofdehulling and of which 27 were long, 165 intermediate, and 235the recovery of dehulled grain, round-grain types. As there was little differenceTo test the effects of grain size and shape on between the intermediate and long-grained pandehullinrg quality, we recorded the variation in icles in MC-C7 only grains of the intermediate
grain shape in S, or half-sib progenies of four and round classes were included in ihe study.composites (Tablc 13) and prepared samples of The physical characters of the grains of long,round, intermediate, ind long grains by bulking intermediate, and round types differed. Round 

Figure 10. Dehulling pearl millet-a common scene in Senegal. 

w. 

YU 
a. -eff- , 

A l" 
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Table 13. Distribution of grains of different shapes in pearl tr'!et composites, ICRISAT Center, 1984. 

Grain af Retention on the sieve (%) 2 

Composite' shape sample 8/64" 7i64" 6/64" 1/12" 1/13" 1/14" 1/15- <1/15' 

NELC-C4 Long 20 0 1 18 43 18 14 5 (2) 
Intermediate 76 0 4 46 39 6 3 (1) 
Round 4 0 I1 58 26 3 (1) 

MC-C7 Intermediate 0 9 58 28 4 (2) 
Round I 29 58 10 (2) 

EC 11-CO Long 6 0 1 16 47 18 13 4 (1) 
Intermediate 39 0 7 51 34 5 (3) 
Round 55 1 20 60 16 2 (1) 

SRC-C2 Long 15 0 0 15 44 19 14 5 (2) 
Intermediate 82 0 2 41 45 7 3 (I) 
Round 3 0 10 65 21 9 (I) 

Controls 
ICMV I (WC-C75) 0 6 53 32 5 2 (1) 
MBH 110 0 9 45 31 7 5 (3) 

1.NELC =New Elite Composite, SRC =Smut Resistant Composite, MC= Medium Composite, EC II Early Composite 11. 
2. 	D)ata are means for two determinations made with 500-g samples. Values inparentheses indicate the percentage of grains that 

passed through different sieves. 

grains had higher 100-grain mass than both estimate the dehulling time required. Recovery 
intermediate and long grains, but the length/ of dehulled grains using the TADD (Table 14) 
thickness and length/ breadth ratios were lower was generally highest for intermediate grain 
for the round than for the long and intermediate types (83%) compared to the round (81%) and 
types. Grain hardness of round and intermediate long types (72%). For the controls, recovery of 
types was comparatively higher than that of the dehulled grain in ICMV I (WC-C75) was 82% 
longer grain types. compared to 72% for MBH 110. 

Yo compare the grain size distribution among The time to completion of dehulling using the 
grain shape classes, we passed grain lots through barley pearler was tested by using a dual staining 
a set of graded sieves and calculated the weight technique, in which completely dehulled grains 
of grains retained on each sieve as a percentage stained pink, while partly dehulled grains stained 
of the total. Round grains were generally larger pink and blue. Completeness of dehulling was 
than the other two classes; an average of 60% of judged visually by two observers. There were no 
the grains in this class was retained on the 6/64 significant differences in final dehulling percen
inch sieve, compared to 50% for the interme- tage among the three grain types, but round 
diate, and less than 20% for the ionger grain class grains required the least time to reach a satisfac
(Table 13). tory level of dehulling (Table 14). It was difficult 

We dehulled grains from each shape class for to dehull long-grain types to the same level of 
all culivars, using the Tangential Abrasive De- recovery as the round or intermediate types in a 
hulling Device (TADD), for a fixed time period similar time There was variation among indi
to estimate completeness of dehulling, and the vidual progenies for both percentage recovery of 
Scott barley pearler for variable time periods to dehulled grains and time for dehulling, and also 
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Table 14. Dehulling quality of pearl millet grains of varying shapes evaluated by a tangential abrasive 
dehulling device (TADD) and a barley pearler, ICRISAT Center, 1984. 

Barley pearler 2 

TAD D' Dehulling 

Recovery (%) time Recovery (%) 
Grain Dehulled Broken Loss due to Deulied Broken Loss due to

Composite shape grain grain dehulling min sec gra;n grain dehulling 
NELC-C43 Long 80.5 2.0 17.5 4 30 87.1 1.2 11.7 

Intermediate 83.9 1.4 14.7 4 0 87.6 1.3 11.1
Round 83.6 1.1 15.3 3 30 86.2 2.2 11.6 

MC-C7 Intermediate 82.1 1.2 16.7 3 30 82.3 4.9 12.8 
Round 80.9 1.7 17.4 2 50 80.3 6.5 13.2 

EC II-CO Long 78.0 1.4 20.6 4 30 81.5 3.5 15.0 
Intermediate 82.1 1.9 16.0 4 00 78.0 6.2 15.8 
Round 80.0 2.8 17 n 3 00 80.5 5.5 14.0
 

SRC-C2 Long 
 79.5 1.3 19.7 4 30 86.3 2.0 11.7 
Intermediate 83.9 1.0 15.1 4 00 86.5 1.9 11.6
Round 81.5 1.3 17.2 2 50 86.8 2.2 11.0 

Controls 
ICMV 1 (WC-C75) 82.0 1.8 16.2 3 45 82.3 3.9 12.8
 
MBH 110 71.6 
 2.5 25.9 3 45 73.8 10.0 16.2 
SE ±0.90 ±0.15 ±0.83 - - ±1.17 ±0.72 ±0.51 

I. Data are means of two determinations made on 20-g samples dehulled for 4 min.2. Data are means of iw',determinations made on I00-g samples. Dehulling times arc selected treatmentsjudged as the minimum 
time to complete dehulling.

3. NELC =New Elite Composite, SRC =Smut Resistant Composite, MC =Medium Composite, EC 11=Early Composite 11. 

variation between the different grain shapes 
within the same progeny. Recovery of dehulled 
grains was higher for ICMV I (WC-C75) than 
for MBH 110 grains, when dehulled for similar 
time in the barley pearler (Table 14): this differ-
ence may be due to endosperm characteristics 
rather than grain shape. 

In conclusion, round grains not only had a 
higher seed mass and larger seed size but also 
dehulled better when tested by two dehulling 
machines that operate on different principles. 
Our study therefore points to the desirability of 
having a much higher proportion of round-
shaped grains in pearl millet cultivars. 

Plant Improvement-
ICRISAT Center 
Genetic Diversification 

This year we received a range ot elite breeding 
material from ISC (Table 15), most of which 
originated from National Program/ICRISAT 
cooperative programs in West Africa. Nine 
ICRISAT Tarna Millet Varieties (ITMV) came 
from our cooperative program in Niger (ICRI-
SAT Annual Report 1985, pp. 127-128). In addi
tion, we received four gene pools, i.e., INMG I 
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Table 15. Variability in breeding material received from West Africa, at Bhavanisagar (BSR) and 
ICRISAT Center (IC), rainy season 1986. 

Time to 50% flowering (days)No. of 

Entry 

ICMV 5 (ITMV 8001) 

ICMV 6 (ITMV 8002) 

ITMV 8003 

ITMV 8004 

ITMV 8302 


ITMV 8303 

ICMV 7 (ITMV 8304) 

ITMV 8305 

ITMV 8306 


INMG 1 

INMG 2 

INMG 3 

INMG 5 


Iniari 

HKP, 

HKB-Tif 

ICMV 2 (IBV 8001) 

IBMV 8401 


sele- ons --

fl! I 

PEQIA Mean 


55 68 

39 63 

38 69 

40 63 

49 61 


14 61 

76 64 

64 65 

I 65 


34 66 

54 64 

47 62 

63 65 


118 57 

222 58 

125 59 

162 60 

222 64 


(African long headed), INMG 2 (Indian d,), 
INMG 3 (tall segregants from d, dwarf popula- 
tions), and INMG 5 (thick headed). Two varie-
ties came from the Senegal/ ICRISAT coopera-
tive program, ICMV 2(IBV 8001)and the dwarf 
variety IBMV 8401. We received two varieties 
from the INRAN program in Niger (HKP 3 and 
HKB-Tif), and a landrace from Burkina Faso 
called 'Iniari', which is of typical Togo pheno-
type. In addition to these varieties we received a 
range of breeding material, some of it for the 
male-sterile breeding project. 

All this material was grown in the Post-Entry 
Quarantine Isolation Area (PEQIA) in the 1986 
dry season. We harvested about 2000 individual 
panicles from these varieties, aid sowed progeny 
rows and bulks from them at Bhavanisagar and 
ICRISAT Center in the I,86 rainy season. We 
recorded data for several characters on these 

Panicle 
Height length 

Range Mean Range (m) (cm) 

53-76 65 55-70 3.00 43
 
56-76 62 52-70 2.74 35
 
56-77 64 52-70 2.95 38
 
54-70 61 52-70 2.79 32
 
55-69 58 52-67 2.63 28
 

56-69 61 55-72 2., 33
 
54-78 60 53-72 2.74 25
 
56-78 58 52-72 2.74 26
 

- 67 - 2.50 50
 

56-80 61 53-67 2.81 42
 
54-74 59 52-72 2.71 35
 
56-76 61 55-72 2.79 35
 
52-78 62 55-72 2.75 31
 

46-70 52 48-62 2.! 7 18
 
46-70 55 48-69 2.35 37
 
48-69 59 48-72 2.32 35
 
48-70 60 50-72 2.29 27
 
54-70 63 53-72 1.33 33
 

lines (Table 15), and observed great variability 
between the S, lines for agronernic desirability. 
In general pearl millet flowers earlier at Bhava
nisagar than at ICRISAT Center. However, tbis 
season, there was no marked difference in time 
to 50% flowering in this material (Table 15). The 
progenies from ICMV 5 (ITMV 8001) and 
ITMV 8003 are long-pinicled varieties, and pro
genies from them were the latest to flower at 
both locations. Among the earliest material were 
progenies from hriari, HKP3, HKB-Tif, and 
ICMV 2 (IBV 8001) which flowered in less than 
60 days at both the locations. Selections from 
these progenies have been made and they will be 
intermated in groups according to phenotypic 
similarity. We then plan to use this material in 
different breeding projects, iii particular for 
introgression into our advanced composites. We 
will also make it available to our cooperators. 
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Breeding Varieties 

Pedigree Breeding 

We make our synthetic varieties by intermating 
inbred or partially inbred lines produced by
pedigree breeding. In 1986, at ICRISAT Center, 
Bhavanisagar, Hisar, and Gwaliar, we evaluated 
more than 8400 lines at various stages between 
F2 and F7, and 1620 inbreds, which were beyond 
the F 7 stage of sel'ing. We also evaluated 725 I-Is 
at ICRISAT Center. Most of these were Fis of 
plant by plant crosses between high-yielding ,ar-
leties, -x-Bornu, ICTP 8202, ICTlP 8203, 1CMV 
4 (ICMS 7703), ICMS 7704, ICMV 81111, 
ICMV 82132, and ICMV I (WC-C75). In addi-
tion, wc evaluated a 260-entry prein bred nursery' 
at ICRISAT Center, IHisar, aind (Gwalior. We 
have also cvaluated 61 inbreds in two topeross 
trialIs, and I inhreds ina diallel trial. We will 
utilize selected inbreds from these trials to make 
new synthetics. In 1986 csupplied a 100-entry 
inbred nursery at 12 locations in 4 countries. 
This nursry was started 3 years ago to distribute 
agronomically elite inbreds from this project. 

FoursN nthcticsfron this project, ICMS 7704, 
ICMS 802J. (MS 8010, and ICMS 8283, are in 
AlCMIIP trials (Table 25). Synthetic variety 
ICMS 7704 was proposed for release after 6 
years of testing, because of its consistently good 
grain and fodder yields. In addition, ICMH 
83401, which has as its pollinator an inbred from 
the synthetics project, is also in the AICMIP 
trials. 

Population Improvement 

Advancement of existing composites. By the 
end of the 1986 rainy season we had: 
* 	 Completed three to eight cycles of recurrent 

selection on the Smut Resistant (SRC), New 
Elite (NELC), Dwarf (DC), Inter Varietal 
(IVC), Medium (MC), and Early (EC) com-
posites. 

* Siarted the first cycle of selection in two nex~ly
formed composites, the Early Composite 1I 
(EC 11), and the Ergot Resistant Composite 
(ERC). 

Formation of new composites. We have changed 
the composites in the population improvement 
project. We have merged composites of similar 
phenotypes on the basis of their combining abil
ity determined from a trial of the five major 
composites and the 10 1-.,s made between them 
(Table 16). Amongst the F~s, NELC-C4 x MC-C7 
gave the highest grain yield, exceeding both of 
the parents (Table 16). Consequently, we have 
merged MC and NEIEC to form the Medium 
Composite If(MC I1). The F, ofthe cross IVC-C5 
× SRC-C2 outyielded both the parents, so we 
will merge IVC and SIRC to form the Smut 
Resistant Composite I1(SRC II). This merging 
can be done without adversely affecting resis
tance to smut as IVC has a good level of smut 
resistance. We h:,ve formed the Elite Composite 
11(E1C II) from 292 genotypes predominately 
from NEILC, IMC, S 'RC,and IVC, and this will 
replace NF I.C. ThMS, \\ e will now improve by 
recurrent selection six composites with distinctly 
different phcnotypes: 
0 FC 11 (carly-maturin,g). 
0 MC I1(nmediun-maturing). 
0 [.C II (late-niaturing, thick-panicled). 
& SRC II (smut-resistant, late-maturing, 

long-panicled). 
* D,C (dwarf).
 
0 ERC (ergot-resistant).
 

With a view to obtaining new, desirable mate
rial for introgression into these composites we 
are forming two backup composites, one late 
maturing (LMBC), and the otherearly maturing 
(EMBC). The parents of the LMBC are elite 
genotypes from Africa and other late-maturing
material, mainly late varieties from NELC, MC, 
and IVC. The base material for the EMBC will
be the Bold Seeded Early Composite (BSEC) 
and other early-maturing genotypes mainly de
rived from ICRISAT composites. We will regu
larly feed exotic materials into these backup 
composites and, in turn, superior lines from 
them will be introgressed, on the basis ofpheno
type, into the six composites listed above. 

Comparative performance of varieties and com
posite bulks. In order to test the performance 
of different cycle bulks and the varieties derived 
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Table 16. Mean performance of two selected pearl millet composites and their Fj's across two 
locations, rainy season 1985. 

Grain yield 

Across locations Bhavanisagar ICRISA FCenter 

Entry t ha-' Rank % of ICMV I t ha-' Rank tha-' Rank 

NELC-C4 x MC-C7 3.72 1 108 4.24 3 3.19 1 
NELC-C4 3.63 4 106 4.41 1 2.85 14 
MC-C7 3.49 I1 102 3.93 13 3.05 6 

IVC-C5 xSRC-C2 3.64 3 106 4.24 4 3.03 7 
IVC-C5 3.31 15 96 3.94 12 2.69 17 
SRC-C2 3.16 16 92 3.57 17 2.75 16 
Control 
1CMV I (WC-C75) 3.43 12 4.09 8 2.76 15 

SE ±0.221 ±0.150 

Trial mean (18 entries) 3.46 3.98 2.93 

CV (%) 11 10 

from the respective cycles, we conducted a yield uate these varieties in initial trials. We multiply
 
trial at three locations in the 1985 rainy season. promising entries from these initial trials by sib-

Varieties from the advanced cycles of compo- mating before we evaluate them in an advanced
 
sites were mostly higher-yielding than varieties trial in the following year. In the 1986 rainy
 
from the initial cycles, and the highest-yielding season, we evaluated 20 varieties frnm six com
composites generally produced the highest-yield- posites, 14 synthetics, and a range of controls
 
ing varieties. However, the composite bulks in the Pearl Millet Advanced Variety Trial
 
showed a clear trend of increased yield over (PMAVT). Varieties from composites yielded
 
cycles, whereas the varieties in many cases better than synthetics, as the highest-yielding
 
deviated greatly from their respective bulks in synthetic was ranked 24th in the trial. IVC,
 
yield (Figures II and 12). This may be due to the NELC, MC, :nd FC II produced higher-yielding
 
smaller number of parents involved in forming varieties which averaged 106-115% of ICMV I
 
the varieties as compared to the composites, so (WC-C75) (Table 17). The highest-yielding entry
 
that parental choice has a greater effect on the amongst these was ICMV 85403 which is a var
yield of varieties than on composite bulks. In iety from IVC.
 
future, we will form varieties from both a small Four varieties from this project, NELC-H79,
 
(about 7) or large (20-25) number of progenies to ICMV 81111, ICMV 82132, and ICMV 83118,
 
increase the probability of obtaining high-yield- are currently in the AICM1IP trials (Table 25).
 
ing varieties. We will also concentrate more on
 
the higher-yielding composites as parents of A new composite for drought resistance. As
 
varieties, mentioned ative we recently formed BSEC, to
 

provide a source of early, drought-escaping, and 
Performance of varieties. Each year, we make drought-resistant material. We restricted the 
varieties by intermating progenies from the parental material of this composite to a few par
advanced cycles of the composites, and we eval- ents which combine these traits, ICTP 8202 and 
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Figure 11. 
 Mean grain yield (t ha-') in successive cycles of pearl millet composites, ICRISAT Center,
Bhavanisagar, and Hisar, rainy season 1985. 
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Figure 12. Mean grain yield (t ha-) of i 2rieties derived from different cycles of pearl millet compo
sites, ICRISAT Center, Hisar, and Bhavanisagar, rainy season 1985. 
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Table 17. Mean performance of selected pearl millet varieties in the Pearl Millet Advanced Variety
Trial (PMAV1), across five Indian locations', rainy season 1986. 

Grain yield 	 Time to 50% Plant 
Parental flowering height


Entry composite2 t ha-' Rank 
 % of ICMV I (days) (m) 

ICMV 85403 IVC-C6 3.10 1 115 55 2.25 
ICMV-D85208 IVC-C6 3.02 3 112 55 2.23 
ICMV-D85113 IVC-C6 2.96 5 110 55 2.27 
IVC-C6 	 2.95 6 109 54 2.12 
ICMV 83013 MC-C7 3.01 4 111 53 2.11 

ICMV 84421 MC-C7 2.94 8 109 52 2.03 
MC-C7 	 2.71 28 100 51 2.09 
ICMV 84401 NELC-C4 2.89 11 107 52 2.09 
ICMV-F8420 NELC-C4 2.87 15 106 56 2.22 
NELC-C4 	 3.07 2 114 52 2.18
 

ICMV-B85828 EC 1I-Cl 2.89 13 
 107 49 2.03 
EC II-Cl 	 2.89 10 107 51 2.11 
BSEC-C2 	 2.95 7 109 50 1.98 

Control 
ICMV I (WC-C75) 2.70 30 51 2.06 

SE 	 ±0.163 ±0.6 ±0.048 
Trial mean 2.75 52 2.08 
(49 entries) 

I. 	 Hhavanisagar; ICRISAT Center,high fertility (N 80: P 18): ICRISAT Center, low fertility (N 20: P9); ICRISAT Center 
Disease Nursery; and Jalna. 

2. 	Composite bulk from which the varieties are derived. 

ICTP 8203 (both derived from aTogo landrace), Breeding Hybrids
ICGP 8501 (from Ghana material), ICMV-
H85328 (a variety from the EC 11), and some 
selected progenies from aTogo landrace. So far, Breeding Male-Sterile (A) Lines 
we have completed four cycles of mass selection, 
the last under selfing. In the second and third New male-sterile lines. We contributed three 
cycles we did the mass selection on plants grown male-sterile lines (861A, 862A, and 863A) of 
under artificially extended daylength so that diverse origin and distinct morphological char
late-flowering plants could be removed to reduce acteristics (Table 18) to the 1986 AICMI P male
the photoperiod sensitivity of the population. sterile lines trial. We identified two additional 
We tested the second-cycle bulk in PMAVT; it male-sterile lines, ICMA87001 and ICMA 87002, 
was the earliest-flowering entry at Hisar in which .'ewill contribute to the 1987 AICMIP 
northern India under long-da' conditions, and it male-sterile lines trial. Another male-sterile line,
ranked seventh for grain yield across five other ICMA 87003, which is early maturing (f0 days
Indian locations (Table 17). to 50% flowering), has large seed (I I g 1000-1), 



100 PearlMillet 

Table 18. Performance of selected pearl millet ma-sterile lines ICRISAT Center, rainy season 1986. 

Grain Plant Panicle Effective Seed Time to 50%Male-sterile yield height length 
Photoperiod

tillers mass flowering response
line (t ha-') (m) (cm) plant-' (g 1000-1) (days) (days)'
 
852A 1.75 1.85 18.7 2.2 9.1 65861A 1.15 1.40 20.7 1.9 5.9 66 

17 
12862A 0.90 1.31 20.8 1.3 6.1 69 15863A 1.19 1.48 14.7 1.7 11.1 57 12
 

ICMA 87001 1.25 1.23 20.3 
 1.3 6.9 71 11ICMA 87002 1.65 1.71 15.8 2.3 10.1 56 10ICMA 87003 1.35 1.50 17.7 3.0 11.2 5n 10 
Controls 
iCMA I (81A) 1.18 1.12 20.0 2.3 6.3 60 9ICMA 4 (834A) 1.40 1.55 19.5 2.2 10.0 52 5ICMA 2 (843A) 1.16 0.78 13.7 2.6 10.9 43 10
 
SE ±0.235 ±0.057 ±0.93 ±0.43 
 ±0.07 ±1.2 ±1.8
 
Trial mean 1.34 
 1.42 18.2 2.5 9.1 57 I1 

(25 entries)
 
CV (%) 18 
 4 5 18 8 2 16 

I. Difference in flou ering time hetween 13.5-h day and 15.5-h day. 

and thin stems, had poor general c:mbining abil-
ity in our trials. However, because of it.; carli-
ness, it may be useful for pi (ducing early-
maturing hybrids, most suitable for dry areas 
with short growing seasons, 

Male-sterile lines 861A, 862A, and ICMA 
87001 are of late maturity and are relatively 
more sensitive than others to increases in day-
length. These three male-sterile lines produce
late-maturing hybrids that are likely to be more
useful in central and southern India or in other 
locations with an equivalent daylength (<14 h)
during the growing season. However, it should 
be possible to produce high-yielding hybrids
having wider adaption on these late-maturing, 
male-sterile lines. For example, male-sterile line 
852A is also highly sensitive to changes in day-
length, but a hybrid on this male-sterile, ICM H 
85109, was the highest-yielding entry over 13 
locations in India in the eleventh International 
Pearl Millet Adaptation Trial (IPMAT 11)
(Table 27). It produced 18% more grain yield 
than the best control hybrid, MBH 110. More-

over, another hybrid with 852A as the seed par
ent, ICMH 85231, was top-ranked in the Pearl 
Millet Advanced Hybrid Trial-I (PMAHT-I) 
with 24% more grain than MBH 110. Prelimi
nary results indicate that male-sterile lines 863A 
and ICMA 87002 are likely to produce high
yielding hybrids with large seeds, appropriate 
maturity, and a wider adaptation. 

Evaluating new B-lines. High general combin
ing ability is an important characteristic of a 
male-sterile line. For the first time, havewe 
tested our B-lines (maintainers) for combining 
ability so that only those with good combining 
ability will be converted to male-sterile lines. We 
topcrossed 46 selected B-lines of diverse origin 
and diverse phenotypic characteristics with four 
populations, and evaluated the B-lines and top
cross hybrids at ICRISAT Center and Hisar. 
Based on the averagegrain yield of Blines perse,
their topcross hybrids, and agronomic eliteness 
determined by visual scores, we selected 23 B
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lines for further evaluation of their performance Breeding for disease resistance. Selecting for 
per se, and general combining ability. Most of downy mildew resistance is an integral part of 
these lines are d, dwarf, and most have large the male-sterile lines breeding program. We 
seeds (8-! 1g 1000-1), and are of early to medium grow at least alternate generations in the downy
maturity (50-56 days to 50% flowering). mildew disease nursery at ICRISATCenter dur-

We also conducted a multilocational trial of .ng bulk pedigree selection of new B-lines and 
260 potential 13-lines for the first time. Based on when backcrossing them into sterile cytoplasm.
visual scores for agronomic eliteness and aver- We have also incorporated breeding for resis
age grain yield across three locations (Bhavani- tance to other diseases (rust, smut, and ergot) 
sagar, ICRISAT Center, and Hisar) we retained into the male-sterile program. An S2 progeny
135 genotypes for retesting in the 191,7 rainy derived from an accession, IP 2696, was found to 
season. The most useful criteria to reject lines be rust-resistant due to a single dominant gene.
turned out to be delayed flowering and poor seed We have cormpletcd three backcrosses to transfer 
set at Hisar. In future we will first screen the this gene into ICM 13 1(81 1). 85213 is also highly
potential B-lines in a multilocational observa- resistant to rust and has been found to be a very
lion nursery and follow this with a multiloca- good general combiner. The utilization of 852B 
tional yield trial the next year. This will allow us in breeding rust-resistant male-sterile lines has 
to evaluate a larger number of entries and make just begun with the initial cross r ade between 
a preliminary selection of lines with wider adap- 85213 and ICM B 1 (8 113). 
tation, before obtaining a more precise estimate The inheritance of smut resistance may not be 
of their yielding ability. Finally, we will assess simple, but results indicate that smut-resistant 
the combining ability of the selected potential hybrids can be produced even if only one parent
B-lines before commencing their conversion to is highly resistant. Thus, emphasis has recently
A-lines. been increased on breeding smut-resistant male

sterile lines. Ten elite maintainer progenies de-
New cytoplasmic sources. The utilization of a rived from crosses involving ICMB I (8113), 
new source of cytoplasmic male-sterility (CMS) ICM B 2 (84313), 13KM 2026, and smut-resistant 
derived from Pennisetum violiceun cytoplasm stocks have shown high levels of resistance to 
by scientists from Institute franqais recherche smut as well as downy mildew. We are now 
scientifique pour le d~veloppement en coop6- converting these into A-lines. 
ration (ORSTOM) has begun with the incorpo- We screened more than 1000 F3progenies dur
ration of nuclear genes from maintainer line ing the 1986 rainy season. These progenies were 
ICMBI 1(81B). We have completed two back- from crv,ses between ICM13 I (81B), 833B, 
crosses and v e expect to complete four more by ICMB 2 (84313) and smut-resistant stocks. Based 
the 1988 rainy season. Isogenic ICMA I (81A) on smut resistance (<10% incidence), maturity,
and ICM13 I (81B) lines with this violaceum and agronomic eliteness, we harvested 1000 F4
cytoplasm will then be available for comparison progenies from 296 F3 progenies. We will further 
with original ICMA 1(81A) and ICMB 1(81 B) evaluate these F,1 progenies for their resistance to 
lines that have Tift 23A, cytoplasm. We can then downy mildew and smut, and their sterility 
examine the possible effects of these two CMS maintenance ability. 
systems on morphological traits and downy mil
dew resistance. 

Prcliminary studies indicate that at least two Breeding Pollinators (R-Lines) 
CMS systems different from that of Tift 23A, 
have been discovered in the EC II. Investigations Breeding methodology. Pollinators are derived 
are in progress to determine whether these are from five main sources: 
different from each other and the existing non- 0 Crosses between identified R-lines using bulk 
A, systems. pedigree breeding. 
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* 	 Advanced cycles of composites (see below). 0 Inbreds from our synthetics and genetic di
* 	 The restorer composite (RC I) formed in versification projects.

1984 by random mating 21 lines that were * Inbreds from BxR crosses made in our male
either restorer lines of high-yielding hybrids, sterile breeding project. 
or were parents of such lines. This composite We select among inbred lines from these sour
is currently at the stage of S progeny testing. ces for earliness, height, agronomic desirability, 

InbrLL sn1''01 [CI ]'[ II hirdnl In reds holi Geniiet ic 
R - R rm R yncthtit eatiott 

crosses Comtposites RC 11 croseIIIeI 	 roses a-eits' tb-dI tnh,-cds 

Add to IPtiili R-il'ncs 

Nur-ser at I., oi I-,, stage 

Potential R-lines 
Nrsery (PRI. 

Select for dov, n\ mildew resistance.
 
agronomic peorornance, and dayleneth iniscnsiti\it\.
 
Testcross to currently available IalC-stcrilC linies
 

lestcl oss Pollin1at or 
nitursery collection 

Add pollinators to 
pollinator collection 

Plolllot 'tTestcross to lew 
hybrids nale-sterile lines 

e OSnrs PM IlHT-2 

I1MAHII -2
 
P\1IA 1-1i-


IPMA F 
FGs fA I C NI I1 

Figure 13. Generalized scheme for flow of genetic material in the pearl millet pollinator project. 
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and resistance to downy mildew. From 1987, we 
will do this screening in the Potential R-Lines 
Nursery (PRLN). We then testcross the selected 
lines to the currently available male-sterile lines, 
and evaluate the hybrids in testcross nurseries, 
We promote the high-yielding, downy mildew-
resistant, and fertile hybrids from these testcross 
nurseries to the Pearl Millet Initial Hybrid Trial-I 
(PMIHT-I). 

When a hybrid is promoted to this initial trial, 
we include the pollinator in our pollinator col-
lection. The pollinator collection thus consists of 
a set of R-lines that we have identified as having 
restored fertility on at least one male-sterile line. 
Currently the collection has about 1000 entries 

that we use to make further testcross hybrids on 
new male-sterile lines. We first test these hybrids 
either in a replicated trial, the Pearl Millet Initial 
Hybrid Trial-2 (PMIIIT-2), or in a testcross 
nursery according to the priority given to the 
male-sterile line, and the past performance of the 
pollinator. A schematic diagram of the flow of 
material is given in Figure 13. 

The entries in the pollinator collection are 
further evaluated for several traits (Figure 14) 
and the data are computerized, We maintain a 
computerized record of the crosses that have 
been made to avoid unnecessary repetition of 
crosses and to select subsets of the collection for 
crossing to particular A-lines. 

Figure 14. Part of the pearl millet pollinator collection under screening for ergot resistance in the 
ICRISAT ergot nursery, ICRISAT Center, postrainy season 1986. 
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Utilization of advanced composites in the polli- selfing using a bulk pedigree method. We used 
nator project. We used two composites, IVC both equal seed descent (ESD) and bulk seed
and SRC, as source populations for the deriva- descent (BSD) in the bulk progeny rows to
tion of inbred lines through rapid generation advance the generations. In the BSD method we
advance (three generations a year) under selfing, bulked seed from the selfed panicles of plants in
The breeding scheme is shown in Figure 15. the progeny row, whilst in the ESI) method we 

We started with the S2 bulks of the S, progen- took equal quantities of seed from each plant
ies that were selected in the multilocational trials before bulking. Thus, BS D may improve the line
of the population improvement project. We then by allowing natural selection between the plants
advanced the lines through three genera'lons by within the line, while ESD may preserve more 

50 bulk S, progenies selected in population inpro ment project 

I
50 S, hulk progenies 

Self aind select about 50 ol" the plants for early llowering kith in nornial population range, 
discarding \Cry till plants. 

Advance at the rate ol three generations per year. 

I
 
Testcross, hSbulk progenies to male-sterile lines 

Take selled leticross nurseIv 50 entries
 
single-plant L
 

seed
 

On resultS of tCsteross nturserV selcct hCt\CCn colpositCs,
 
and between progeny bulks\ithin composites to
 

more extctsix cl\ simple most promising ones.
 

S St, pr'ogcln to\ Ironl , bulk progenies 

selected onl basis of teStCl'oss lltl~ll'\ 

E'alualc and protnote selected entries to 

PRIN 

sotcntial R-lines Nursert 
Figure 15. Breeding scheme for the derivation of pearl millet pollinators from advanced composites. 
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genetic variability within the line by reducing male-sterile 852A yielded 24% more grain than 
inter-plant selection. MBH 110, and ICMH 851062 on male-sterile 

We eliminated only a few lines during the ICMA I (81A) yielded 21% more grain than 
generation advance, i.e., those susceptible to MBH 110 (Table 19). rhese two hybrids were 
downy mildew, with poor seed set, or those significantly superior to all three control entries,
which were obviously agronomically poor. At M BH 110, ICMS 7704, and ICMV I (WC-C75). 
the S5 gencration we testcrossed the S3 bu!lz pro- IPMAT-1I had four ICRISAT-bred hybrids
genies onto the male-sterile lines ICMA 1(81 A), and 1CM H 85109 was the highest-yielding entry 
852A, 861A, 862A, and 863A and examined the in the trial (Table 27). 
p ,j~urmance of the testcross hybrids in a single 
year at a single location. These preliminary 
results indicated that there was no difference Yield Physiology Studies 
between the hybrids of progcnies derived by 
BSD and ESD. Because BSD is simpler we have, The phenotype of medium-maturing (90-1 10 
pending further results, now uniforml-, ad j,, days) African cultivars has been considered in
this method in a contilluing program to derive efficient for the production of grain yield com
inbred lines from all the advanced composites. 	 pared to earlier-maturing Indian phenotypes, 

because African cu',tivars have a low productive
tiller number (those tillers that produce grain)

Hybrid Testing 	 and low harvest index. We had shown in earlier 
studies at ICRISAT Center that later panicle

We evaluated the entries selected from PMIHT-I initiation (i.e., a longer vegetative phase and 
and PMIHT-2 of 1985 at eight locations in India later crop maturity) resulted in increased leaf 
in the PMAHT-I. Hybrid ICMH 85231 on area, radiation interception, and dry-matter 

Table 19. Performance of two selected pearl millet hybrids from the Pearl Millet Advanced Hybrids 
Trial-I (PMAHT-1), at four Indian locations, and downy mildew (DM) incidence, ICRISAT Center 
Downy Mildew Nursery, rainy season 1986. 

DM 
Time to 50% Plant inciflowering height dence 

Entry Mean Rank ICHF ICLF' BSR' HSR' (days) (in) (%) 
ICMH 85231 3.41 I 3.82 1.98 4.81 3.02 56 2.21 0.0 
ICMH 851062 3.31 3 3.62 i.55 5.21 2.87 57 2.05 0.0 

Controls 
MBH 110 2.74 43 3.03 1.55 3.44 2.93 48 1.87 0.0 
ICMV l(WC-C75) 2.70 44 2.47 1.64 4.09 2.61 53 2.08 0.0 
ICMS 7704 2.59 48 2.96 1.63 	 3.67 2.12 59 2.17 0.0 

SE 	 ±0,207 ±0.119 ±0.312 ±0.253 

Trial mean 2.99 2.96 1.76 4.40 2.86 53 2.02 0.4 
(49 entries) 

CV (%) 	 14 14 14 18 

I. 	 ICHF = ICRISAT Center high fertility (N 80: P 18); ICLF = ICRISAT Center low fertility (N 20: P 9);
BSR = Bhavanisagar; HSR = Hisar. 
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accumulation (ICRISAT Annual Report 1981, J 104 with high productive-tiller numbers, and p. 81). However, in that study increased dry ICMA 1(8 1A) x Souna 13, with low productive
matter accumulation did not result in increased tiller numbers, under normal (13.5-h) and exgrain yield, as this was associated with a reduced tended (15.5-h) daylengths to vary the duration
productive-tiller number, of the vegetative phase. There were adequate

In order to understand the relationship between water and nutrients, and the plant population
phenotype and duration of the vegetative phase, was 9 plants 2m-.

and to identif, the constraints to increased yield There were no differences between the twopotential in mediun-maturing African millets, hybrids in crop development (Table 20) or in we made a detailed study of yield physiology in crop growth (Table 21) over the season in eithertwo daylength environments that gave either a the SVI'or LV l treatment, and at maturity total
short duration of the vegetative phase (SVP) ora shoot dry matter and grain yields were similarlong duration (LVI'), at ICR ISAT Center in the (Table 21). I)ifferences in productive-tiller num1985 rainy season. We grew two hybrids, 841 A x ber between the hybrids had no effect on grain 

Table 20. Mean time to panicle initiation, flowering, and maturity in two pearl millet hybrids, grownunder daylength treatments resulting in a short or long vegetative phase, ICRISAT Center, rainy 
season 1985. 

lybrid Time to 50(% Time to 50% Time to 50%Duration of vegetative phase panicle initiation (days) flowering (days) maturity (days) 

841A - J 104
 
Short' 
 20 48 77Long 2 

59 8732 

ICMA I (81A) x Souna B
 
Short' 
 22 50 78
Long 2 


32 59 87 
SE ±1.2 ±2.5 

1.Normal daylength 13.5 h. 2. Extended daylength 15.5 h. 

Table 21. Grain yield and yield components in two pearl millet hybrids, grown under daylengthtreatments resulting in a short or long vegetative phase, ICRISAT Center, rainy season 1985. 

Duration of vegetative phase 

Short' Long 2 

Grain yield and 841A ICMA 1 841A ICMA I 
yield components x J 104 x Souna B x J 104 Souna B SE 
Grain yield (g m-2) 430 411 448 422 ±33.9Stem mass (g m-2) 496 501 1112 972 ±78.4Total shoot mass (g M-2) 1010 1010 1690 1510
Harvest index (%) 

tI01 
42 41 27 28 ±2.3Productive tillers plant-' 3.9 1.9 3.2 1.8 ±0.47Grain yield panicle-'(g) 13.7 23.6 14.3 27.8 ±1.90 

1. Normal daylength 13.5 h. 2. Extended daylength 15.5 h. 
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yield, since a lower productive-tiller number was growth rate. This suggests that increases in grain
compensated for by increased grain yield pan- yield potential can only be achieved by reducing
icle-I (Table 21). We have previously observed the proportion of dry matter partitioned to the 
similar yield component compensations (ICRI- stem. Reducing stem growth, by using dwarfing
SAT Annual Report 198 1, p. 81). genes, does not look very promising at present as 

Increasing the duration of the vegetative phase a means of reducing the proportion ofdry matter 
did have effects on crop development and crop in the stem (ICRISAT Annual Reports 1981, p.
growth. Maturity was delayed (Table 20), and 81; 1985, p. 118). Reducing the duration of stem 
the total shoot dry matter at maturity was growth, by searching for genotypes with a later 
increased (Table 21). This confirmed our earlier start to stem growth relative to the start of pan
observations (ICRISAT Annual Report 1981, p. icle growth would be worth investigating. Alter
81). However, grain yield was not increased with natively, variation in panicle growth rate or, 
an increase in the vegetative phase since all the more likely, panicle growth duration should be 
additional dry matter accumulated was partiti- examined for the same purpose. 
oned to increased stem growth, rather than to 
increased panicle or grain growth (Table 21). 

The major constraint to increased yield poten- Plant Improvement
tial in medium-maturity millets compared to 
early ones is the failure to translate the extra dry ICRISAT Sahelian Center 
matter accumulated into reproductive growth. 
Our detailed studies of dry-matter accumulation Our main aims are to breed adapted varieties 
and partition indicate that this isdue to the early and improved genetic material with high and 
onset of stem growth relative to panicle growth stable yield potential for use by the national 
in the LVP treatment, and to a higher stem research programs (Figure 16). These objectives 

Figure 16. Ministers of West African countries visiting pearl millet breeding fields at ISC, Sadore, 
Niger, rainy season 1986. 

V A 

AbP 
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are based on the recommendations made by par-
ticipants from Africa at the International Pearl 
Millet Workshop held at ICRISAT Center in 
April 1986, and specifically include: to breed for 
good emergence and seedling survival, for ma-
turity slightly earlier than the existing local land-
races, for regional adaptation, and for increased 
and stable yield. 

In January 1986, pearl millet breeding at ISC 
was reorganized to enlarge the scope of the 
research and better serve the national research 
programs in the region. The breeding program
currently operating at Kamboins6 (Burkina Faso) 
is now responsible for developing varieties and 
improved parental material for the transition 
zone (600-900 mm annual rainfall). This includes 
the breeding of full season (120-150 days to 
maturity), photoperiod-sensitive varieties for 
sowing with the onset of the rainy season, and 
medium-maturing varieties (80-110 days) suit-
able for early- (May) and late- (.July) sowing con-
ditions. In addition, a regional breeder, respon-
sible for coordinating cooperative activities with 
the national programs, is now located at ISC. 

Genetic Diversification 

One of the ISC's major activities is the utilization 
ofgenetic diversity, originating from elite breed-

ing material received from programs within the
 
region, to generate improved plant phenotypes. 

This includes evaluation both of variability 

received from within the region, and ofsegregat-
ing populations and progenies resulting from 
crosses with such material. 

We received over 380 inbred lines in 1985 from 
the Institut Sin~galais de recherches agricoles 
(ISRA)/ ICRISAT cooperative program (ICRI-
SAT Annual Report 985, p. 107) and reevalu-
ated them in 1986. We visually rated as agro-
nomically superior 21 of the 97 lines initially
identified in 1985 and we will now use these as 
parents of varieties. We evaluated 50 entries 
from this nursery for smut reaction after inocu-
lating the panicles; 19 entries had less than 50% 
incidence and will be used to breed hybrid 
parents. 

We derived 10 F2 populations from specific 
crosses made to broaden the available genetic 
variation in the dwarfbackground. These crosses 
were between two dwarf parents and various tall 
genotypes possessing desirable panicle charac
teristics. In addition, we have made 120 selec
tions in a 380-entry nursery to diversify the 
dwarf phenotype. These selections along with 
several others identified in the segregating pro
genies, will be put into a dwarf nursery. 

From a set of new crosses generated in 1985, 
using improved and adapted landrace varieties 
from within the region as parents (ICRISAT 
Annual Report 1985, p. 107), we hdve evaluated 
over 200 F2 populations and made 2590 individ
ual plant selections for further inbreeding. Fol
lowing evaluation of over 600 and F4 bulkF 3 

progenies we have identified groups of parental 
material to recombine into varieties, and we 
selected 440 of the progenies for further evalua
tion. We have also selected 10 F4 bulk progenies 
for large panicle circumference (>12 cm). This 
character was found in the progeny of crosses 
between Bazame and Ankoutess landraces from 
Niger, and Souna, a landrace from Mali. 

Breeding Varieties 

Pedigree Breeding 

In the 1986 dry season, we made 18 varieties 
from groups ofprogenies we had selected during 
the previous rainy season. We yield-tested these 
in two initial trials grown at ISC and Bengou. 
The highest yields of test entries, ranged between 
110-130% of the respective location mean yield 
(Table 22). On the basis of grain yield, downy 
mildew incidence recorded at Bengou, and visual 
assessment we have selected five entries from 
these two trials, to be evaluated in an advanced 
trial in 1987. 

From the advanced yield trial, constituted 
from 13 entries selected from two preliminary 
yield trials of 1985, we have selected two varieties 
(ICMV 8524 SC and ICMV 8526 SC) on the 
basis of grain yield and visual ratings at each 
location, and downy mildew incidence at Ben
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Table 22. Mean grain yield and rank of selected entries of Pearl Millet Initial Variety Trials (PMIVT) 
-1 and -2, at three locations, Niger, rainy season 1986. 

ISC if ISC 22 Bengou 

Entries 
Yield 

(t ha-1) Rank 
Yield 

(t ha- 1) Rank 
Yield 

(t ha-') Rank 

PMIVT-I 
ICMV 8533 SC 
1CMV 8604 SC 
ICMV 8605 SC 
ICMV 860o SC 
ICMV 8607 SC 

2.18 
2.01 
2.14 
2.09 
202 

2 
7 
3 
4 
5 

1.76 
1.84 
1.85 
1.79 
1.66 

7 
4 
3 
5 

12 

1.70 
1.69 
1.48 
1.44 
2.19 

3 
4 

12 
13 
1 

Controls 
ICMV 5 (ITMV 8001) 
CIVT 
LocaP 

2.26 
1.77 
1.94 

I 
12 
9 

1.76 
2.03 
1.73 

7 
I 
8 

1.40 
1.67 
1.53 

14 
5 
9 

SE ±0.220 ±0.101 ±0.157 

Trial mean (16 entrics) 1.90 1.73 1.57 

CV(%) 26 13 22 

Efficiency (%)4 - 113 

PIVMT-2 
ICMV 8526 SC 
ICMV 8621 SC 
ICMV 8628 SC 
ICMV 8629 SC 
ICMV 8630 SC 

2.40 
2.34 
2.13 
2.16 
1.94 

2 
3 
6 
5 

10 

2.22 
2.15 
1.71 
2.12 
1.73 

2 
4 

13 
5 

12 

1.95 
1.88 
1.68 
2.29 
2.04 

10 
13 
15 
1 
2 

Controls 
ICMV 5 (ITMV 8001) 
CIVT 
Local3 

2.02 
2.18 
1.15 

0 
4 

15 

2.06 
2.31 
2.16 

6 
1 
3 

2.00 
1.99 
1.87 

6 
8 

14 

SE ±0.210 ±0.152 ±0.097 

Trial mean (16 entries) 1.90 1.90 1.93 

CV(%) 25 18 1I 

Efficiency 108 

I. First sowing at ISC (29 May, 1986) received 13 mm supplemental irrigation. 
2. Second sowing at ISC (17 June, 1986), no supplemental irrigation. 
3. Sador6 Local at ISC and Haini-Khirei de Bengou at Bengou. 
4. 4 x4 balanced lattice, net plot size 18 m2 to 19.2 m2 . 

gou. We will evaluate these two varieties in In the transition zone millet breeding pro
cooperative trials with national programs in gram, we selected 21 out of 68 F2 populations 
Niger and Mali in 1987. derived from crosses between full-seasc'n, photo
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period-sensitive lines and early-maturing, low-
photoperiod- sensitive lines. We selected a further 
200 F3 and F4 progenies from different breeding 
nurseries. We will recombine them in groups to 
form varieties for evaluation in 1987. 

Population Improvement 

In 1985, we constituted four varieties from 
selected S, progenies derived from genepools 
and varieties from the INRAN/ICRISAT pro-
gram. We yield-tested these in the Pearl Millet 
Initial Variety Trial-2 (PMIVT-2) (I Able 22) and 
retained two (ICMV 8628 SC and ICMV 8629 
SC) for evaluation in an advanced trial in 1987. 
Of the three varieties tested in the advanced yield 
trial that were derived from populations, we 
retained two (ICMV 8532 SC and ICMV 8534 
SC) for evaluation in cooperative trials in 1987. 

We completed the second random mating of 
the ISC Composite 851, constituted from 193 
intervarietal crosses involving 40 varieties and 
adapted landraces. We will random mate this 
composite for the third time in the 1987 dry-
season. 

Several varieties from the transition-zone 
breeding programs have becn recommended for 
cultivation in Burkina Faso (see Cooperation 
with National Programs). Three-year multiloca-
tional trial results from Burkina Faso are now 
available for several newer varieties, from which 
two, IKMP I and IKMC I, with stable and 
superior performance were identified. Variety 
IKMI' I was derived by recombining selected 
progenies of several local cultivars; its mean 
grain yield (over locations and years) was 1380 
kg ha-', whilst that of Kapelga (a local cultivar 
grown in central Burkina Faso) was 970 kg ha -'. 
A second variety, IKMC I, is suitable for late-
sowing conditions; its average grain yield over 
locations and years was 930 kg ha-, compared to 
the local control cultivar's 330 kg ha-'. 

Selection for Downy Mildew Resistance 

In collaboration with the Institut national d'6tude 

et recherche agronomique (INERA) Cereal 
Pathologist, we screened 49 entries from our 
transition-zone yield trials for downy mildew 
reaction at Kamboins&and Fada N'Gourma. In 
addition we screened 190 advanced breeding 
lines at Kamboins6. Two entries were disease 
free, and II were classified as highly resistant or 
resistant (Table 23). These included varieties 
IKMP 2, IKMV 8201, and IKMC I. Results 
obtained this year, and observations made in 
past years, confirm that we have succeeded in 
both identifying sources of, and in breeding var
ietics with, stable downy mildew resistance. 

Table 23. Rating for downy mildew of some 
selected entries evaluated at two locations, Bur
kina Faso', rainy season 1986. 

Rating 2 

Fada 
Entry3 Kamboinse" N'Gourma 

IKM/CVP 39/83/84/351 F F 
1KM 85/86/116 	 F FIKM 85/86/128 HR F
IKMP 2 HR HR
 

7/8 SRMP 4 HR HR
 

IKMV 8101 HR HR
 
IKMV 8201 HR HR
 
IKMV 8501 HR HR
1KM 85/86/ 133 	 HR RIKM 8404 	 HR RIKML 8404 	 HR R 

IKM 85/86/304 HR R
 
IKM/CVP 186/83/84/356 R HR
 
IKMC I R HR
 
Susceptible controls 

Kapelga 	 S HS 
NlB 3 S HS
 
7042 HS HS
 

I. 	 Data from the INERA/ICRISAT collaborative screen
ing project carried out by INERA cereal pathologist. 

2. 	F =Free ofdisease; HR =Infection Index (11)< 5%; R = II 
5-10%; S = If 11-50%; HS = 11>50%. 

3. IKM denotes ICRISAT entries from Burkina Faso. 
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Breeding Hybrids 	 selected 20 testerosses for further evaluation in a 
preliminary hybrid trial in 1987. 

We evaluated 22 of the 96 Aand Bpairs selected 	 Cooperation with National 
in 1985, in the downy mildew nLrsery during the 
1986 rainy season. These 22 pairs came from five 	 Programs 
genetic backgrounds but the incidence of downy 
mildew was low only in the pairs with Souna 	 ICRISAT Center 
genetic background (range 0-78% with a mean of 
21%, based on an average of 20 plants plot-'). 	 Supply of Breeding Materials 
We retained six pairs from four of the five 
genetic backi.aunds for further evaluation, and 	 We supply an increasing number of trials, nur
for selection for downy mildew rcsistance in col-	 series, and breeding materials to national and 
laboration with the national programs. regional programs each year. This year we sent 

The ORSTOM,ICRISAT collaborative pro- more than 8400 samples to 20 different countries 
gram identified several maintainers (B-lines) for (Table 24). The majority of these lines were 
the violaccum cytoplasm. These include Tio- entries in our trials and nurseries. Apart from 
tande (from Mauritania), several accessions from sced sent within India, the biggest recipient of 
India and southern Africa, and ICM13 1(811B). seed was the SADCC/ICRISAT regional pro-
The latter lines, however, are not adapted to the gram in Zimbabwe. 
harsh environment of the Sahel, and another In 1986, we sent the Uniform Progeny Nursery 
maintainer Hombori (from Mli) has lost much 	 (UPN 86) to 30 cooperators in seven countries, 
of its vigor following inbreeding. As a first step 	 i.e., Cameroon, India, Niger, Pakistan, Sudan, 
in obtaining an improved maintainer for the 	 Zambia, and Zimbabwe. This nursery consists of 
violaceurn cytoplasm, we made crosses between 90 partially inbred lines selected from the entire 
Hombori and other B-lines. Progenies from the pearl millet breeding program plus a repeated 
cross Hombori x ICMB 1(813) appear promising. control. It is intended for use as parental mate-

The collaborative program also studied the rial by our cooperators. We sent another nursery, 
geographic distribution of P. violaceum main- the Elite Products Nursery (ELPN 1986), to 12 
tainers by observing restoration in 160 test- locations in six countries, i.e., India, Kenya, 
crosses between a violaccum male-sterile line Mexico, Sudan, USA, and Vietnam. The ELPN 
and early-maturing landraces. Accessions from is primarily intended to provide a preliminary
India and southern Africa displayed a. much evaluation of pearl millet varieties and hybrids in 
lower frequency of fertility restoration than countries that do not cultivate a large area of 
those from the Sahel. Fifteen accessions from pearl millet. It consists of 21 entries of elite 
West Africa were identified as potential main- hybrids and open-pollinated varieties from the 
tainers, and will be used to breed maintainer ICRISAT Center breeding program. All the 
lines with desirable agronomic characters. entries are either released in India, or are in 

We evaluated 370 testcrosses in small plots AICMIP trials. 
(4.5 M 2) with repeating controls, CIVT and 
HKP. Nearly half of the testcrosses were on Varieties for National Trials 
ICMA 1(81 A). The mean yield of the testcrosses 
was 2.4 ± 0.04 t ha - 1, with a range of 0.6 to 5.0 t Eighteen varieties, synthetics, and hybrids from 
ha-'. The mean of the best-yielding control, ICRISAT were tested in various AICMIP trials 
CIVT, was 2.7 ± 0.24 t ha - [ (20 observations), in 1985, where ICMV I (WC-C75) was used as 
Forty-three testcrosses gave yields ranging from one of the standard controls. We contributed 
125-170% of CIVT. Based on downy mildew ICGP 8501, a white-seeded progeny variety, to 
incidence, yield, and visual assessments, we the AICMIP white-grain trials. ICRISATentries 



Table 25. Performance of ICRISAT pearl millet entries presently in All India Coordinated Millets Improvement Project (AICMIP)
trials across years in the trial, through the rainy season, 1985. 

Grain yield % of controls mean 

Entry 
Male-sterile 

or parental composite 
'ears 
trial (t ha-') 

% trial 
mean 

% controls 
mean' 

Fodder 
yield 

Time to 50% 
flowering 

Plant 
height (m) DM2 Status3 

Hybrids
ICMH 423 
ICMH 451 
ICMH 501 

841A 
ICMA I (81A) 
ICMA 4 (834A) 

3 
2 
2 

2.04 
2.20 
2.09 

109 
114 
109 

114 
121 
115 

114 
117 
118 

107 
110 
107 

1.01 
1.05 
1.10 

35 (3.5) 4 

17 (1.8) 
10(1.1) 

Ret 
Rel 
Rel 

ICM H 83202 
ICMH 82601 
ICMH 83506 
ICMH 93-401 
ICMH 837129 

ICMA 1 (81A) 
ICMA I (81A) 
ICMA I (81A) 
ICMA I (81A) 
ICMA 1 (81A) 

1 
1 
1 
1 
1 

1.93 
2.01 
2.08 
2.16 
1.97 

101 
106 
109 
113 
103 

106 
110 
114 
118 
107 

108 
112 
112 
110 
101 

111 
105 
107 
113 
107 

1.01 
1.01 
1.03 
1.05 
1.04 

28 (3.5) 
20(2.4) 
17 (2.1) 
15 (1.9) 
25 (3.1) 

Pro 
Wit 
Pro 
Pro 
Wit 

Open-pollinated varieties 
ICMS 7704 
ICMS 8021 
NELC-H79 NELC 
ICMS 8010 
ICMV 8111f IVC 
ICTP 8203 

6 
3 
3 
2 
2 
2 

1.84 
1.64 
1.59 
1.69 
1.75 
1.63 

107 
113 
109 
112 
116 
108 

103 
110 
107 
105 
109 
102 

125 
114 
129 
102 
127 
90 

110 
105 
109 
103 
107 
103 

1.16 
1.10 
1.i4 
1.08 
1.14 
1.05 

25 (2.6) 
17 (2.4) 
17 (2.4) 
30(4.8) 
28 (4.5) 
32 (5.0) 

Corn 
Ret 
Dro 
Ret 
Ret 
Ret 

ICMV 82132 
ICMV 83118 
ICMS 8283 

SRC 
MC 

1 
1 
1 

1.79 
1.74 
1.69 

113 
109 
106 

101 
98 
95 

134 
112 
94 

110 
110 
104 

1.13 
1.09 
1.11 

11 (1.3) 
32(3.9) 
28 (3.5) 

Pro 
Pro 
Pro 

1. For calculating % of test entries over controls means, BJ 104, MBH 110, and ICMV 1(WC-C75) are the controls, except for the open-pollinated varieties iz!APMPTV
where BJ 104 and ICMV 1 (WC-C75) are the controls. 

2. DM = downy mildew incidence. 
3. Pro = Promoted from the initial to the advanced trial, Rel = Released for cultivation in India, Ret = Retained in the trial. Wit = Withdrawn bv ICRISAT, Dro = Dropped

from the trial, Con = Testing competed.
4. Figures in parentheses are the actual % incidence over the years in the trial. 
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Table 24. Pearl millet seed samples dispatched from ICRISAT Center, 1986. 
Country Breeder seed No. of trials Trial entries Breeding lines Total samples 
Brazil 
Cameroon 
Colombia 
Ghana 
India 177 

1 

49 

100 

3276 

70 
34 
5 
6 

1390 

70 
134 

5 
6 

4843 
Kenya 
Mexico 
Morocco 
Niger 
Pakistan 

1 
1 

8 
4 

20 
16 

250 
604 

76 
13 
7 

128 
7 

96 
29 
7 

378 
611 

Senegal 
Sudan 
Sultanate of Oman 
Thailand 
Tonga 

3 
1 

249 
21 

11 
24 
2 
5 
3 

11 
273 

23 
5 
3 

USA 
Vietnam 
Yemen Arab Republic 
Zambia 
Zimbabwe 

3 

3 
2 
3 
6 

63 
42 

130 
350 

57 

4 
2 

1295 

57 
63 
46 

135 
1645 

Total 180 82 5121 3139 8440 

continued to perform very well (Tables 25 and rashtra. It may also be recommended for the
26). In 1985 we had three entries in the advanced drier pearl millet-growing areas of Andhra 
hybrid trial, and two of these are now released, Pradesh. 
while the third, ICMH 423, has been retained for Two of our hybrids, ICMH 451 and ICMH
further testing. Of the five hybrids in the initial 501, were released for general cultivation in
trial, all of which are on'male-sterile line ICMA I India in January 1986. These are the first 
(81A) three have been promoted to the 1986 ICRISAT-bred pearl millet hybrids to be released
Advanced Hybrid Trial. It is of note that all our in India. This is in addition to two ICRISAT
hybrid entries, in both the initial and advanced bred open-pollinlt-d varieties, ICMV I (WC
trials, are on ICRISAT-bred male-..erile lines. C75) and ICMV 4 (ICMS 7703) already released 
Our open-pollinated varieties continue to per- for cultivation in India. 
form well, and of the six varieties in the advanced 
trial,four were retained, one was dropped, and 
one completed six years of testing. All three Organization of International Trials 
varieties in the initial trial were promoted. 
Amongst the varieties, ICMV 82132 and ICMS The eleventh International Pearl Millet Adapta
8283 are highly resistant to smut. ICTP 8203 is tion Trial of 1986, IPMAT 11, had 20 entries (9 
an early, bold-seeded variety that yields rela- hybrids, 8 population varieties, and 3 synthetic
tively well under drougnt conditions. It is in the varieties) and was sent to 27 locations in India,
prerelease (state minikit testing) stage in Maha- Niger, Pakistan, and the Yemen Arab Republic. 
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Table 26. Performance of ICRISAT pearl millet entries in All India Coordinated Millets Improve
ment Project (AICMIP) trials, rainy season 1985. 

AICMIP trial Entry 

APMHT II I 	 ICMH 423 

ICMH 451 

ICMH 501 


IPMHT 12 	 ICMH 83202 

ICMH 82601 

ICMH 83506 

ICMH 83401 

ICMH 837129 


APMPT V3 ICMS 7704 

ICMS 8021 

NELC-H79 
ICMS 8010 
ICMV 81111 
ICTP 8203 

V4IPMPT 1, ICMV 82132 

ICMV 83118 

ICMS 8283 


I. Advanced Pearl Millet IIvbrid Trial 11. 
2. Initial Pearl M illet l.,brid trial I. 
3. Advanced Pearl Millet Population lrial V. 
4. Initial Pearl Millet Population Trial IV. 

Thisyear6 of the 20 entries were from five ofour 
cooperators. 

Act o,,thirtcen locations, hybrid ICM H 85109, 
which has 852A as the seed parent, was the 
highest-yielding entry (Table 27). The best open-
pollinated variety was ICMV 84108, a variety 
from NELC. 

International Disease 	Resistance Nurseries 

In cooperation with a number of national pro-
grams, we conducted multilocational nurseries 
foreach of the four majordiseases. These nurser-
ics provide national programs with an opportun-
ity to evaluate resistance under their own condi-
tions, give information on stability of resistance, 
and indicate differences in the aggressiveness/ 
virulence of pathogen populations over loca-

Grain yield Top test Grain yield 

(t ha-1) Rank entry (t ha-1) 

2.07 12 MBH 136 2.32 
2.25 4 
2.00 16 

1.93 24 MBH 143 2.24 
2.01 17 
2.08 9 
2.16 3 
1.97 21 

1.50 10 ICMS 8010 1.65 
1.63 3 
1.48 11 
1.65 2 
1.60 5 
1.51 9 

1.79 3 ICMV 82132 1.79 
1.74 5 
1.69 9 

tions. In 1986 these nurseries included the 18
entry IPMDMN for which data were received 
from Aurangabad, Bhavanisagar, Cuddalore, 
ICRISAT Center, and Mysore (India),and from 
Kamboins (Burkina Faso), Bengou and Sador6 
(Niger), Samaru (Nigeria), and Bambey (Sene
gal). The 18-entry IPMSN for which data were 
received from Hisar and ICRISAT Center (India), 
and from Sador (Niger), Samaru (Nigeria), and 
Bambey (Senegal); the 32-entry IPMEN for 
which data were received from Aurangabad,
ICRISAT Center, and Mysore; and the 45-entry 
International Pearl Millet Rust Nursery (IP-
M RN) for which data were received from Au
rangabad, Bhavanisagar, ICRISAT Center, and 
Mysore. 

Over many years of multilocational testing we 
have identified a number of lines with stable 
resistance to disease. Those with the highest 
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Table 27. Performance of selected entries in International Pearl Millet Adaptation Trial (IPMAT-I 1), 
across 13 Indian locations, rainy season 1986. 

Grain yield Time to 50% Plant 
Male-sterile flowering height DMI 

Entry or parental composite (t ha-') Rank (days) (m) (%) 
ICM 1] 85109 852A 2.86 1 55 1.90 I 
ICMH 82205 ICMA I (81A) 2.58 4 56 1.93 0 
ICMH 83506 ICMA I (81A) 2.50 5 56 1.86 0 

ICMV 84108 NELC 2.40 7 56 2.01 0 
ICMV 84423 MC 2.39 9 55 1.94 1 
ICMH 85409 ICMA 2 (843A) 2.32 10 55 1.48 I 
ICMV 85404 IVC 2.31 11 57 2.06 2 

Controls 
MBH 110 2.40 8 50 1.81 0 
Local 2.15 17 53 1.77 3 
ICMV l(WC-C75) WC 2.06 18 54 1.91 0 
ICMS 7704 2.03 19 59 2.08 0 

SE ±0.073 ±0.3 ±0.025 

Trial mean (21 entries) 2.32 54 1.88 

I. Data on I)Mincidence from ICRISAT Center Downy Mildew Nursery, rainy season 1986. 

resistance in 1986, that also performed well in now occupies a considerable hectarage in India, 
one or more prev'ous ycars include: P 1591, D and an increasing demand for ICMV 4 (ICMS 
332/1/2-2, ar'. P 1449-3 for downy mildew; 7703), and ICMS 7704. 
ICMPS 100-5-1, ICM PS 700-I-5-4, and ICM PS With the release of two hybrids and two open
1800-3-1-2 for smut; ICMP I (ICMPES 1), pollinated varieties the hectarage that will be 
ICMP 2 (ICMPES 2), and ICMPES 34 for occupied by ICRISAT pearl millet material in 
ergot: and P 24-2 and 7042-1-4-4 for rust. Many India is likely to be greatly increased. From data 
of these entrieq also possess resistance to more on seed multiplied by the public sector alone at 
than one disease. least one million ha could be sown to hybrid 

ICMH 451 in the 1987 rainy season. When data 
on seed produced by the private sector is ako 

Adoption of ICRISAT Material in India considered, the area sown to ICM H 451 could be 
well in excess of two million ha. When the con-

We now have two released hybrids, and four siderable planned production of ICMV I (WC
open-pollinated varieties in the release or prere- C75) in the public sector is considered (more 
lease (state minikit testing) stage in India. We than 4670 t of certified seed, enough to sow more 
have distributed considerable quantities of breed- than one million ha), then a significant propor
er seed to many institutions in India (Table 28) tion of the pearl millet hectarage of India will be 

Breeder seed is the essential base for the mul- occupied by ICRISAT-bred hybrids and varieties. 
tiplication of certified seed for farmers (Figure The Department of Plant Breeding, HAU, 
17). Demand for breeder seed of our varieties has Hisar have proposed HHB-50 for release in 
been high. There has been continuing demand Haryana. This hybrid has ICRISAT male-sterile 
for breeder seed of ICMV I (WC-C75) which line ICMA 1 (81A) as the seed parent; the polli



Table 28. Breeder seed of released hybrids, and released and prerelease varieties supplied in India from ICRISAT Center, 1985 and 1986. 

ICMH 451 ICMH 501 
ICMA I ICMB 1 ICMA 4 ICMB 4 ICMV I ICMV 4 

(81A) (811) ICMP 451 (834A) (834B) ICMP 501 (WC-C75) (ICMS 7703) ICMS 7704 ICTP 8203Quantity dispatched in 19851(kg) 21 I1 0.5 15 3 3 30 93 10 12Number of organizations I 1 1 1 1 1 3 8 1 2
 
Quantity dispatched in 1986 (kg) 207 116 34 
 13 42 45 200 97 95 22Number of organizations 37 37 34 8 8 9 16 15 9 4 
1. From June 1. 

Table 29. Farmers' perceptions of ICMV 1 (WC-C75) in comparison to competing cultivars, selected districts of Maharashtr, 1986. 
Superiority/inferiority of ICMV I (WC-C75) compared to competing cultivars (%of farmers interviewed) 

Local (69)' BJ 104 (43) BK 560 (89) MBH 110 (43) 
Supe- Infe- Don't Supe- Infe- Don't Supe- Irfe- Don't Supe- Infe- Don'tCharacter rior rior Same know rior rior Same know rior rior Same know rior rior Same know 

Grain yield 86 10 4 0 46 40 14 0 42 45 13 0 19 72 9 0Fodder yield 64 19 17 0 86 9 5 0 82 I1 7 0 88 5 7 0Grain price 4 44 33 19 40 14 30 16 38 21 25 16 2 74 7 16Fodder price 14 6 52 28 32 5 44 19 39 10 30 20 58 0 16 26 
1. Figures in parentheses are the number of farmers interviewed. 



Pearl Millet 117 

nator, H90/4-5, was bred at HAU. The hybrid is 
highly resistant to downy mildew and is the first 
hybrid proposed for release that has all ICRI-
SAT male-sterile line and a national program 
pollinator. 

In addition, many of the private sector hybrids 
are on ICRISAT male-sterile lines and pollina
tors, or have ICRISAT material in their parentage. 

Farmers' Perceptions of ICMV I (WC-C75) ' .44 
We conducted a survey to examine how the. 

ICRISAT released variety, ICMV I (WC-C75), . 
compared to hybrids and the local varieties, . 

since there was little information on the accep- e .
 
tance and adoption of this variety by farmers. 
The survey was conducted in Maharashtra in , 
1986 by economists in the Resource Manage
ment Program. Farmers were asked to evaluate .¢ 
specific characteristics of ICMV I that they ., 

know as WC-C75 relative to those of the four ., -" 
main competing cUltivars local varieties, and 

the hybrids BK 560, 13J 104, and M HF1110. The 
competing cultivar was considered to be what 
the farmer was growing before he tried ICMV 1; 
this varied from district to district, and farmer to 
farmer. Farmers were questioned about several 
characters of tie cultivars including yield, price, 
maturity, and disease resistance. In assessing 
each character farmers were given four options: 
ICMV I was 1.superior to, 2. inferior to, 3. 
about the same as the competing cultivar, or 4. 
farmers' had insufficier.t information on which 
to make a comparative evaluation. 

Farmers were also asked if they exploited tile 
advantage of being able, if their ICMV I crop 
had been cultivated in reasonable isolation from 
other varieties, to resow their own seed without a 
visible yield loss in the subsequent crop. 

Yield, price, and disease reaction. Farmers' 
comparative perceptions on grain and fodder 
yields and prices of ICMV I differed sharply 
across the competing cultivars (Tabie 29). Farmers Figure 17. Panicles of pearl millet ICMP 451, 
saw ICMV I as yielding more than the local the pollinator of released hybrid lCMH 451, in a 
varieties, yielding about the same as hybrids breeder seed production plot, ICRISAT Center, 
BK 560 and BJ 104, and yielding less than hybrid postrainy season 1986. 
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MBH 110 (Table 29). The advantage in grain 
yield over the local was to some extent eroded by 
the farmers' view of a lower grain price for 
ICMV I compared to the local. However, ICMV I 
was more often considered superior in grain 
price to BJ 104 and BK 560. About 75% of the 
interviewed farmers also felt that ICMV I fetched 
a lower price than MBH 110, reinforcing MBH 
110's perceived yield advantage. Farmers cited 
thesmallerand elongated grain shape ofl]CMV I 
and its nonuniformity in grain size relative to 
MIBH 110 as factors contributing to its lower price. 

An overwhelming majority of farmers per-
ceived that ICMV 1 gave higher fodder yields 
than all three hybrids. Most farmers thought 
that ICMV I also produced more fodder than 
the local cultivars. Perceptions on comparative 
performance in fodder price were not so sharp, 
but the data on rudder price (Table 29) suggest 
that ICMV I does enjoy an advantage in fodder 
quality over all the hybrids and particularly over 
MBH 110. 

With regard to the incidence of major pearl 
millet diseases, such as downy mildew, ergot, 
and smut, almost all the interviewed farmers 
reported that disease incidence had not been 
high enough, during the last 3 cropping years, to 
significantly reduce pearl millet yields. Farmers 
did observe, however, that either there was no 
disease attack on ICMV I or that ICMV I was 
less susceptible to disease than the competing 
cultivars. Nonetheless, because of the negligible 
incidence of the major pearl millet diseases in the 
districts surveyed, this potential advantage of 
ICMV I was not realized, 

These results show that ICM V I has competed 
well against hybrids. It is superior in several 
ways, including grain price, to the public-sector 
hybrids BK 560 and BJ 104, where the advan.age 
of ICMV I is perhaps unexpected. The success of 
ICMV I is illustrated by the fact that 60% of the 
farmers interviewed responded that they would 
sow ICMV 1again next season. 

Seed costs and seed production. The cost of 
producing certified seed of ICMV I is less than 
that of hybrids, but this was not much of an 
advantage. The lower price of certified ICMV I 

seed (Rs 6 kg-' compared to Rs 12-14 kg-' for 
hybrid seed) caused farmers to suspect that the 
quality of ICMV I seed was either not good, or 
the cultivar itself was not very promising. Most 
farmers viewed ICMV I as a hybrid. They did 
riot know that they could sow their last year's 
harvest without suffering a visible reduction in 
yield in the following year. The few farmers who 
were aware of the varietal nature of ICMV I 
preferred to purchase seed from the market 
instead of using home-produced seed. They 
thought that their home-produced seed was not 
of good quality and believed purchased seed to 
be superior. Thus, the perceived advantage by 
plant breeders of a farmer being able to resow his 
own seed of an open-pollinated variety without 
significant yield loss was not realized. Ncverthe
less, the easier seed production of ICMV I was 
an advantage when the hybrid BJ 104 became 
susceptible to downy mildew; ICMV I could be 
multiplied very rapidly, and it soon replaced 
BJ 104 over large areas. 

Although the inferiority of ICMV I to 
M13H 110 in grain yield and quality is marked, 
the area devoted to ICMV I is still high, almost 
certainly because seed production difficulties in 
MBH 110 have limited the supply of its seed. 
These difficulties are caused by poor seed set on 
the male-sterile line of MBH 110, which is 
derived from Serere. Uganda, material. ICRI-
SAT has had similar problems with male-sterile 
lines in this genetic background. For a good 
hybrid to compete well with an open-pollinated 
variety it requires not only a superior agronomic 
performance, but also freedom from major seed 
production problems. 

Assistance to Sudan National Program 

We continued to provide some assistance to the 
Sudan National Program, primarily in the eva
luation of varieties ar.A segregating materials 
bred/selected during the 1977-85 period when an 
ICRISAT plant breeder was stationed in the 
Sudan supported by United Nations Develop
ment Programme (UNDP) funding. A series of 
trials of promising materials were conducted at 



Pearl Millet 119 

four locations in Western Sudan. Location mean report of the overall performance of the entries 
yields were generally low (200-400 kg ha-1) over a will be made in the next Annual Report.
 
range in rainfall of 300-360 mm. 
 Under these The regional trial, IMZAT contained 14 test 
conditions there were only a few instances where entries and two controls. The test entries were 
new selections significantly outyielded the con- contributed by INRAN (3), Institute of Agricul
trol variety Ugandi. tural Research (IAR), Nigeria (3); and by Na-

Two hundred kilograms of' Ugandi seed was tional Program/ICR ISAT cooperative programs
supplied to the Global 2000 Program for demon-	 in Burkina Faso(3), Niger(2). and Nigeria(3).
stration plots en farmers fields in Northern Kor- The trial--to be sown in a randomized-block 
dofan Province. Nine tonnes of'seed ef the same design (RBD), was sent to 15 locations in 10 
variety that was multiplied by a private seed countries in Africa. In addition, this trial was 
company in 1985 was distributed to farmers in 	 also evaluated for downy mildew at Bengou,
Northern Kordofan by the Department of Agri- smut and Striga hernionthicaat ISC, and infes
culture. tation by Raghuva alhipunctella at Chikal in 

Niger. 
Three joint IAR/ICRISAT trials each con-ICRISAT Sahelian Center taining 15 test entries that were contributed by 

IAR (5 entries), and national program/ICRI-
Supply of Breeding Materials SAT cooperative programs in Burkina Faso (3), 

Niger (2), ,.nd Nigeria (27). These trials were 
During the year we supplied elite breeding mate- conducted at locations in Ghana (I), Niger (1),
rial to three countries in the region, and we pro- Nigeria (3), and The Gambia ( I ). In addition, w' 
vided dry-season breeding facilities for the Mal- coordinated two INIRANi ICRISAT coopera
ian and Nigerien programs. We recombined four tive trials, one each for the northern and south
groups of selected progenies of the Malian pro- ern zones in Niger. The former contained nine 
gram to form varieties. For the program in test entries and was grown at seven locations, 
Niger, we recombined parents to make four \,ar- and the latter contained test entries andII was 
ieties and increased seed ,f three elite lines, evaluated at six locations. Test entries in these 

We supplied to Mali 123 breeding trials were from INRANlines, and ICRISAT. 
representing F2 populations (17), F, and F4 pro- We also evaluated three trials from ICRISAT 
genies (98), and d2 sources (8) and an A- and Center and have selected 12 entries for reevalua
B-line nursery containing 26 pairs of potential tion in 1987 in the ICRISAT Sahelian Center
male-sterile lines. We also supplied 32 advanced Pearl Millet Initil Variety Trial(ICSC-PMIVT). 
breeding lines and varieties to the Deutsche 
Gesellschaft fdr Technische Zusammenarbeit 
(GTZ) program in Ghana, and 32 to the National Regional Disease Nurseries 
Program in Ivory Coast from our transition
zone breeding program. 	 We initiated two regional downy mildew nurser

ies in West Africa in 1986 and received data from 
four of the five locations. The West African 

Organization of Regional Trials Downy Mildew Observation Nursery (WAD-
MON) offers national programs the possibility

This year we coordinated one regional trial and to test their best varieties different sites inat 
five joint trials with national programs. The West Africa. The objective of the second nursery,
trials have entries contributed by the national the West African Downy Mildew Variability
research programs and the National Program/ Nursery (WADMVN), is to study variability in 
ICRISAT cooperative programs. Data from virulence of downy mildew in West Africa over a 
most of the locations arc due and a detailed 	 period of three years. 
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The highest downy mildew incidence across 
both nurseries was at Bengou (Niger) followed 
by Kamboins6 (Burkina Faso), IBambey (Sene-
gal), and Samaru (Nigeria), in descending order, 
Oneentry, CVP)39/83/84/351, remained downy 
mildew free at all locations. Evidence for viru-
lence differences in S. graini'tcolaamong the 
four locations was especially noticeable for 
NBH 3, ICMB I (81B), ICMV 3 (IBV 8004), 
ICMV 5 (ITMV 8001), and Souna I1l. 

Varieties for National Trials 

Several varieties of different maturity groups 
from the transition-zone breeding program have 
shown sufficiently improved yield potential in 
multilocational trials in previous years (ICRl-
SAT Annual Report 1985, p. 124) to merit large-
scale testing on farmers' fields and in preexten-
sion trials. EIvaluation data on these varieties 
were presented to the Sorghulin, Millet, and 
Maize Committee of INF1.RA (f BIrkina Faso at 
its meetings held in Ouagadougou (21 February 
1986) and Bobo Dioulasso(I IMarch 1986).The 
Committee accepted four varieties, IKMV 8201, 
IKM P 2, IKMIP 3,and IKMIP 5, for large-scale 
testing and for addition to the IN ERA catalog of 
recommended varieties. 

Variety IKMV 82011 is early maturing (90 
days) and was recommended for late-sowing 
situations. The long-term average trial yield of 
IKM V 8201 is 870 kg ha- I compared to the local 
control variety yield of 390 kg ha-'. Tihe Orga-
nisme regional de dveloppement (ORD) in 
Ouahigouya has recommended this variety for 
general cultivation in the region. In collabora-
tion with the Food and Agriculture Organiza-
tion of the United Nations (FAO), ORI) has 
produced foundation seed of this variety on 1.5 
ha, and plans further large-scale seed multiplica
tion by groups of farmers in different villages. 
Varieties IKM P 2 and IKM P 5 are of interme-
diate maturity (110-120 days) and were recom-
mended for normal sowing in the 500-650 mm 
rainfall zone of Burkina Faso. '[le long-term 
average yields of IKMP 2 and IKMP 5, are 
560-570 kg ha-] compared to the local control 

yield of 150 kg ha - 1 . The late-maturing (130 
days) variety, IKMP 3, was recommended for 
normal sowing situations in the 700-900 mm 
rainfall zone. The long-term average yield of 
IKMP 3 is 1570 kg ha - I compared to the local 
control yield of 1100 kg ha-'. 

We have sul;plied 50 kg of seed of ICMV 5 
(ITM V 8001) and 50kg ofICMV 7(ITMV8304) 
to the Semi-Arid Food Grain Research and 
Development (SAFGRAD)/ Benin (Unitdde re
cherche et prod uction) for evaluation on research 
stations and tests on 40 farmers' fields in Kari
mama District. We supplied IKMV 8201 to the 
National Cereals Research and Extension Pro
gram of the Institut de la recherche agronomique 
de CamneroutI for mult iplication and on-farm 
tests. Fifty kg of ICMV 5 (ITMV 8001) were 
supplied to the Chadian National Program/ 
FAO for on-farn tests and multiplication. This 
variety was rCcoIn meI'nd,'d {,,"Chad by l'lnstitut 
du Sahel (INSAlI) of Cotit permanent inter& 
tats de lutte contre la s&hei-esse dans le Sahel 
(CILSS), following a 4-year evaluation in regional 
trials. To :hc ICRISAT program in Mali, we 
supplied varieties ICMV 7 (I'MV 8304) and 
3!41-IK-1378 for intercropping trials. 

SADCC/ICRISA'r Regional

Program for Southern Africa
 

Evaluation and Supply of Breeding Material 

Evaluation of the Zimbabwe collection. We 
evaluated 339 accessions orginating from Zim
babwe for possible use in the breeding program. 
These accessions were, on average taller and 10 
to 15 days later than introductions from ICRI-
SAT Center. "Iwenty-five of the accessions were 
selected for future use. 

Evaluation of ICRISAT Center material. We 
grew eight trials from ICRISAT Center consist
ing of composite varieties, hybrids, synthetics, 
and composite bulks at Matopos. ICMIH 83401, 
ICMH 83507, ICMV 83104, ICMV 83205, 
ICMV-D85111, ICMV-184228, ICMS 8330, 
ICMS 8413, ICMH 83506, NELC-H79, ICMH 
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837127, ICMH 837130, ICMH 8439, ICMH IVS-P78 gave the highest grain yield followed by
84306, ICMH 85430, ICMS 8359, and ICMV- IVC-A82, ICMH 83507,3IBMV8501,IVS-P8204 
E84425 were the highest yielding. The two dwarf and IBMV 8402. In the dwarf trial IBMV 8504 
hybrids 1CM H8439 and ICM H84306 produced (medium tall) produced the highest yield. NC(d 2), 
over 35% more grain yield than the best dwarf and IVC(d 2) were the best dwarf genotypes. 
control NC(d 2). The selected hybrids and varie
ties will be entered in the Pearl Millet Introduced 
Varieties Trial for regional evaluation in 1986/87. Regional Disease Nursery 

Identification of pollinators. We selected 27 We grew a 20-entry nursery of diverse genotypes
out of 204 pollinators from nurseries supplied by at 10 locations in the SADCC region to monitor 
ICRISAT Center. There was particular interest the occurrence of diseases and to determine 
among SADCC scientists in the bold-grain whether resistances previously identified else
types. We also retained 14 inbreds from the where are effective in the SADCC region. Al-
ICRISAT Center Pearl Millet Inbred Nursery, though disease levels were generally low, false 
with a panicle length of more than 40 cm for the mildew and rust commonly occurred at a number 
breeding program. of locations. Rust resistance pi'eviously identi-

We crossed a total of 471 introduced inbreds fied in India was effective in the SADCC region. 
onto a set of male-sterile lines during the dry- Entries had not previously been evaluated for 
season for evaluation in the 1986/87 season, false mildew, but we did find variation among 

entries for reaction to this disease. 
Introduction nursery. We supplied an intro
duction nursery of 191 entries from Brazil, Nige
ria, Senegal, Sudan, and Zimbabwe to seven Varieties for National Testing 
locations in the region. Selected entries were 
from Senegal (IBMV 8502, ICMH 8413 SN), The Malawian and Zambian National Programs
Nigeria (ICNMV 43, ICNMV 134), and from the selected dwarf varieties l'v C(d 2) and NC(d2) for 
Sudan (BI-ST-4-1, and Ace 932). their national demonstrations. The Zambian 

program also selected ICMV 82132 and ICMV 
83104 for the same purpose. 

Development of Composites 

We random-mated four composites for the fourth Breeding Finger Millet (Eleusine coracana) 
time: early maturing (184 entries), medium 
maturing (174 entries), dwarf (39 entrics), and We evaluated the germplasm collection from 
bristled (63 entries). We selected over 4000 S~s Zimbabwe (396 entries) at Matopos, Mzarabani,
from each composite for evaluation in the 1986/87 and Gwebi in Zimbabwe and retained 68 entries 
roiny season. for further testing. We have now received 667 

We formed a late-maturing (photosensitive) lines of the world germplasm collection from the 
population by random-mating302entriestested USA, 20 from Zambia, and 27 from Uganda.
in the dry-season. This population is primarily Seeds of all these have been increased to support
for Tanzania and will be grown there during the regional trials in the 1986/87 season. 
main cropping season. 

Organization of Regional Trials 

We supplied tall and dwarf variety trials to seven 
locations in the region. In the tall variety trial, 
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Workshops, Conferences, andSeminars 

International Pearl Millet Workshop 

A major International Workshop on pearl millet 
was held at ICRISAT Center on 7-11 April. It 
brought together 109 key scientists (excluding 
those from ICRISAT Center) from 22 countries 
to address major areas of research, production, 
and utilization of pearl millet on a global basis, 
The main areas covered were: production and 
utilization in Asia and Africa, food quality,
genetic resources and their utilization, breeding 
techniques and progress in breeding varieties 
and hybrids, disease and insect problems, poten-
tial for and exploitation of beneficial microbio-
logical associations with roots to improve plant 
nutrition, and climatic and edaphic factors af-
fecting pearl millet growth and use. Other areas 
considered as special topics included the produc
tion and utilization of hybrids in Africa, the 
production of pearl millet as a crop for intensive 
agriculture, its importance as a forage/fodder 
crop, studies relating to quantitative genetics, 
and the analysis of multilocational trials. Recoi-
mendations on priorities for future research 
were drawn up by four committees: breeding for 
Africa, breeding for India, crop protection, and 
agronomy. The proceedings, to be published in 
1987, will include the texts of 19 major papers, 54 
abstracts of short presentations, summaries of 
13 paper/discussion sessions, workshop recom-

mendations, and summary data on pearl millet 

production and utilization by country, and within 

India by state. 


ICRISAT Center Pearl Millet Scientists' Day 

The Cereals Program organized a Pearl Millet 
Scientists' Day at ICRISAT Center on 20-21 
August 1986. This meeting provided an oppor-
tunity for the participating scientists to see and 
discuss ICRISAT's research on pearl millet in 
agronomy, microbiology, and physiology. Se-
venteen scientists from the Indian Council of 

Agricultural Research (ICAR), Indian agricul
tural universities, and Indian private seed com
panies participated in the Scientists' Day, as well 
as eight in-service trainees and fellows from 
Chad, Guinea, India, Italy, Nigeria, Swaziland, 
and Zambia. 

The Scientists' day was a joint project of the 
Cereals, Genetic Resources Unit (GRU) and 
Resource Management Program (RMP). It 
included visits to experiments on cropping sys
tems, agroforestry, and crop modeling in RMP; 
to studies on nonsymbiotic nitrogen fixation 
(Figure 18) and VAM effects in Cereal Microbi
ology; studies on effects of crop duration and the 
d, dwarfing gene on growth and yield in Millet 
Physiology; and the variability in the germplasm 
collection in GRU. The results were followed by 
discussions with ICRISAT scientists on ICRI-
SAT's present and future research on the topics 
shown to the participants. 

West African Regional Pearl Millet Workshop 

The annual Regional Pearl Millet Tour/Work
shop was held in Niger from 7-11 September 
1986. This workshop brought together pearl 
millet scientists in the region and provided an 
opportunity to visit different national millet 
improvement programs, as well as ISC, and to 
discuss important research topics. 

Twenty-nine scientists from the national pro
grams of Burkina Faso, The Gambia, Ghana, 
Ivory Coast, Niger, Nigeria, and Senegal; from 
the University of Reading, UK; ICRISAT Cen
ter; and ISC participated. The program included 
visits to INRAN's research sta:ion at Tarna, 
(Maradi), and the ISC at Sador6 to observe 
material in the field. Sessions were held to dis
cuss soil-agroclimatological zonation and its 
implications for millet improvement, germplasm
collection and evaluation in West Africa, ISC's 
research on stand establishment and on charac
terization of variability in S. graminicola,and 
on-farm testing of improved varieties. The work
shop also discussed reorganization of ICRI-
SAT's millet research in West Africa, and coop
erative activities. National programs of Niger 
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Figure 18. ICRISAT Scientists Day participants discussing field responses of pearl millet to inocula
tion with nitrogen-fixing bacteria, ICRISAT Center, rainy season 1986. 

and Nigeria offered to assist ISC in food quality had inferior stand establishment capability com
evaluation of advanced varieties. Responses of pared to the local landraces. 
participants indicated that the workshop was We will increase our efforts on physiological 
extremely useful, particularly in the opportunity studies of varieties with differential ability to set 
it offered for interaction between scientists from and fill grain under terminal stress, in order to 
national programs and ICRISAT. determine the reasons for such differences. 

We shall continue our studies on the effects of 
the dwarfing genes in pearl millet, particularly 
on the differences in grain size between tall and

Looking Ahead dwarf materials, and the effects of drought on 
dwarf hybrids. 

Physiology. With work on techniques for 
screening for seedling emergence establishment Pathology. Studiesofpathogenicvariabilityin 
now nearly complete, efforts in this area will the downy mildew pathogen will continue in 
concentrate on improving the emergence/estab- collaboration with the University of Reading, 
lishment ability of breeding materials. Particular and limited studies on vaciability will be initiated 
effort will be placed on this at ISC where prod- at ICRISAT Center. A sprinkler system to 
ucts of crosses with exotic materials have often improve DM field screening will be installed and 
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used at Bengou, Niger, and more emphasis will 
be given to mass screening of breeding material 
for resistance to DM at the seedling stage in the 
greenhouse at ICRISAT Center. We will con-
tinue to study recovery resistance to DM and 
conduct experiments which provide more in
formation on DM infection and symptom ex-
pression, and the implicationF of these aspects 
for DM screening. 

We will screen selected material for ergot 
resistance, and continue to study the mechanism 
of ergot resistance in collaboration with Impe-
rial College, and the biology of rust, to improve 
our screening procedures. 

Research on Striga hermonthicawill be con-
ducted in West Africa on methods of screening 
for promising materials for resistance, and on 
gaining information related to improving the 
reliability of screening procedures. 


In collaboration with National Programs, 
we 
will grow multilocational disease nurseries in 
India, West Africa, and southern Africa to 
determine stability of identified resistance and to 
ascertain possible pathogenic differences among
locations. 

We will continue to try to improve the reliabil-
ity of disease resistanL'. screening, especially in 
West Africa. In southe, n Africa we hope to gain 
a better understandng of the major disease 
problems and to develop new techniques, or 

modify existing ones for resistance screening. 


We will continue inheritance studies for DM, 

smut, and rust at ICRISAT 'enter, in collabora-

tion with breeders. 


Entomology. Our emphasis will be on the 
development of techniques for artificial rearing
and infestatiot. oftheearhead caterpillar(Raghluva 
albipunctella)and the stem borer (Acigona igne-
fusalis) which should make possiale more relia-
ble screening of pearl millet fc,r resistance or 
tolerance to these pests. We shall undertake stud-
ies on the biology of these insects relating to 
laboratory culture. These will include ways to 
control diapause formation, determination of 
optimum environmental conditions for culture, 
identification of preferred ovipositional surfa-
ces, and adult space, fecundity, and food require-

ments. Studies relating to artificial infestation 
will include methods to augment natural field 
populations of the insects and to precisely mca
sure host-plant response. 

Microbiology. We will screen germplasm and 
advanced breeding materials, with VAM inocu
lation to select genotypes with more efficient 
VAM symbiosis for improved phosphorus uptake 
and plant growth. 

At ISC, we will investigate the relationship 
between VAM status and phosphorus uptake by 
pearl millet plants to assess the benefits of VAM, 
and to exploit VAM in using phosphorus fertil
izer more efficiently. We will continue efforts to 
quantify associative nitrogen fixation. 

Breeding at ICRISAT Center. We will place 
increasing emphasis on our genetic diversifica
tion project and reduce activity on syr'hetics 
breeding. In our population improvement pro
ject the process of merging old composites and 
creating new ones will be continued. 

Our male-sterile project will place increasing 
emphasis on breeding for multiple disease resis
tance, and the diversification of the cytoplasmic 
base. 

In our pollina:or project we will continue to 
improve the pollinator collection, and in future 
we will add new pollinators to the collection only
after they have '.ecn screened in PRLN. 

We will continue to conduct IPMAT, partici
pate in the AICMIP testing system, multiply 
breeder seed, and distribute trials, nurseries, and 
breeding material worldwide. 

Breeding at ISC. We will increase our efforts 
to evaluate accessions in their area of origin in 
collaboration with the national programs and 
the GRU. 

Appropriate crosses will be made with agro
nomically superior accessions from Nigeria and 
with local and improved local cultivars. Recur
rent selection will be initiated on the newly 
formed composites. Elite progenies identified 
will be screened for DM resistance and mainte
nance reaction. 
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Male-steriles currently identified will be further Henson, I.E., Mahalakshmi, V., Alagarswamy, G., 
evaluated for DM resistance. A preliminary and Bidinger, F.R. 1986. Regulation ofabscisic acid 
hybrids trial will be initiated. Elite progenies and concentration in leaves of field-grown pearl millet 
varieties will be screened for stand establishment (Pennisetum anericanum [L.] Leeke): the role of ab
capability in collaboration with the agronomist scisic acid export. New Phytologist 102:249-259. (JA 
and for DM resistance in collaboration with the 508). 
pathologist. Mahalakshmi, V., and Bidinger, F.R. 1986. Water 

Varieties identified in initial and advanced deficit during panicle development in pearl millet: 
trials will be further tested in advanced and yield compensation by tillers. Journal of Agricultural 
National Program/ICRISATcooperative trials. Science. 106:113-119. (JA 517) 
Our regional cooperative acti,'ities involving Ramaiah, K.V. 1985. Hand pulling of Striga hermnon
national program scientists, such as seed supply, thica in pearl millet. Tropical Pest Management
 
provision of dry-season nurseries, training, and 31(4):326-327. (JA 505)
 
field tours/workshops will be extended. Subramanian, V., Jambunathan, R., and Ramaiah,
 

C.D. 1986. Physical and chemical characteristics of 
Breeding at SADCC. Emphasis in breeding pearl millet grains and their relationship to roti qual
pearl millet will be on grain size, grain yield, and ity. Journal of Food Science 51(4):1005-1008 and 
resistance to diseases, particularly ergot, using 1020. (JA 498)
 
both population improvement and hybrid breed- Thakur, R.P., Subba Rao, K.V., Williams, R.J.,
 
ing. We will develop genetic materials for differ- Gupta, S.C., Thakur, D.P., Nafade, S.D., Sundaram,
 
ent zones of maturity, and dwarf types for more N.V., Frowd, I.A., and Guthrie, J.E. 1986. Identifica
intensive agriculture. We will initiate a crossing tion of stable resistance to smut in pearl millet. Plant 
program for finger millet todevelop high-yielding Disease 70(l):38-41. (.JA 471) 
lines of early as well as late-maturing types. Willingale, J., Mantle, P.G., and Thakur, R.P. 1986. 

Postpollination stigmatic constriction, the basis for 
ergot resistance in selected lines of pearl millet. Phyto
pathology 76:536-539. (IA 551) 

Publications Conference Papers 
Krishna, K.R. 1986. Vesicular-arbuscular mycorrhiza 
for efficient use of fertilizer phosphorous. Pages 167
177 in Soil biology: proceedings of ihe National Sym-Institute Publications posium on Current Trends inSoil Biology, 25-27 Feb 
1985, Hisar, Haryana, India. Hisar, Haryana, India:

Workshop and Symposia Proceeding Haryana Agricultural University. (CP 253) 

ICRISAT (international Crops Research Institute for Soman, P., Bidinger, F.R., and Jayachandran, R. 
the Semi-Arid Tropics). 1986. Cereal nitrogen fixa- 1986. Evaluation of genotypic differences in seedling 
tion: proceedings of the Working Group Meeting, emergence through soil crusts under field conditions. 
9-12 Oct 1984, ICRISAT Center, India. Patancheru, Pages 270-277 in Assessment of soil surface sealing9- 2ct3194, ICRiaATCenter, IBNi 92atancheru9 and crusting: proceedings of the Symposium, 23-27A.P. 502 324, India: ICRISAT. ISBN 92-9066-111I-9,. e 95 hnBlim hnlegu:Fadr
(CPE 037) Sep 1985, Ghent, Belgium. Ghent, Belgium: Flanders

Research Centre for Soil Erosion and Soil Conserva

tion. (CP 220) 
Journal Articles Upadhyaya. M.N., Hegde, S.V., Rai, P.V., and Wani, 

S.P. 1986. Root-associated nitrogen fixation in finger
Giller, K.E., Wani, S.P., and Day, J.M. 1986. Use of millet. Pages 93-102 in Cereal nitrogen fixation: pro
isotope dilution to measure nitrogen fixation asso- ceedings of the Working Group Meeting, 9-12 Oct 
ciated with the roots of sorghum and millet genotypes. 1984, ICRISAT Center, India. Patancheru, A.P. 502 
Plant and Soil 90:255-263. (JA 493) 324, India: ICRISAT. (CP 330) 
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Walker, T.S., and Witcombe, J.R. 1986. ICRISAT 
presentation: yield variability in sorghum and millet. 
Pages 167-175 in Summary Proceedings of a Work
shop on Cereal Yield Variability, 26-29 Nov 1986, 
Feldafing, Federal Republic of Germany. Washing
ton, D.C., USA: International Food Policy Research 
Institute. (CP 284) 

Wani, S.P. 1986. Nitrogen fixation associated with 
cereals and forage grasses. Page 227-240 in Soil biol
ogy: proceedings of the National Symposium on Cur
rent Trends in Soil Biology, 25-27 Feb 1985, Hisar, 
Haryana, India. Hisar, Haryana, India: Haryana 
Agricultural University. (ClP 229) 

Wani, S.P. 1986. Measurement of nitrogen fixation. 
Pages 215-218 in Current status of biological nitrogen 
fixation research: proceedings of the Nationa: Sym
posium, 6-8 Feb 1986, Hisar, Haryana, India (Sirigh, 
R., Nainawatee, H.S., and Sawhnev, S.K., eds.). 
Hisar, Haryana. India: Haryana Agricultural Univer
sity. (CP 236) 

Wani, S.P. 1986. Cereal nitrogen fixation: problems 
and potentialities. Pages 7-21 in Cereal nitrogen fixa
tion: proceedings of the Working Group Meeting, 
9-12 Oct 1984, ICRISAT Center, India. Patancheru, 
A.P. 502 324, India: ICRISAT. (CP 258) 

Wani, S.P. 1986. Research on cereal nitrogen fixation 
at ICRISAT. Pages 55-68 in Cereal nitrogen fixai ion: 
proceedings of the Working Group Meeting, 9-12 Oct 
1984, ICRISAT Center, India. Patancneru, A.P. 502 
324, India: ICRISAT. (CP' 259) 

Wani, S.P., and Lee, K.K. 1986. Developments in 
nonlegume N2-fixing systems. Pages 163-166 in Cur
rent status of biological nitrogen fixation research: 
proceedings of the National Symposium, 6-8 Feb 
1986, Hisar, Haryana, India (Singh, R., Nainawatee, 
H.S., and Sawhney, S.K., eds.). Hisar, Haryana, 
India: Haryana Agricultural University. (CP 235) 

Thesis 

Carberry, P.S. 1986. Development and construction 
of a simulation model of the growth of pearl millet 
(Pennisetum americanum (L.) Leeke). Ph.D. thesis, 
University of Sidney, Sidney, Australia. 219 pp. 
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There are two main types of chickpea: desis, pointing in peninsular India and Ethiopia where 
which constitute about 85% of the total produc- the rainfall distribution was far from optimal. 
tion, and kabulis, which form the remaining 15% 
of seed produced. The kabuli type is of particular 
importance in countries of the Mediterranean Physical Stresses 
region, and most of our research on it is there
fore concentrated at the International Center for We are currently focussing our research efforts 
Agricultural Research in the Dry Areas (ICAR- to understand the effects of drought stress on 
DA) in Syria. However, the demand for kabuli chickpea yield, and to evaluate management and 
chickpeas is strong in other countries as well, genetic improvement options to alleviate these 
and ICR ISAT Center is increasing its efforts to effects. This year we report some of our results 
serve countries with agroclimatological condi- on screening for drought tolerance. We continue 
tions similar to those in India interested inthe to seek a better general understanding of cli
kabuli types. matic adaptation of chickpea and have increased 

During the 1985,86 cropping season our our research efforts in northern India; by sta
activities were concentrated at four main loca- tion ing a Pulse Agronomist at Gwalior. We are 
tions: ICRISAT Center ( 18'N, 78°F, 764 mm continuing efforts to identify chickpea geno
mean annual rainfall) on short-and meditim- types better able to set pods during the cold 
duration types; Hisar (29°N, 75°E, 450 mm winters of northern India and thus escape the 
mean annual rainfall) in cooperation with the deleterious effects of high temperature in late 
Haryana Agricultural University (HAU) on spring, as maturity approaches. We are also 
medium-and long-duration types; at Islamabad, assessing the extent of variation in salinity 
Pakistan (34' N, 73°F-, 1116 mm mean annual response among chickpea genotypes obtained in 
rainfall) in cooperation with the National Agri- previous studies, in order to determine the scope 
cultural Research Center (NARC), mainly on for genetic improvement of salinity tolerance. 
long-duration chickpeas with emphasis on breed
ing for ascochyta blight resistance and at Aleppo, 
Syria (36' N, 370 N, 340 mm mean annual rain- Yield Stability across a Range of Soil Moisture 
fall) in cooperation with ICARDA on extra- Environments 
long duration chickpeas, which are suitable for 
spring or winter sowing. Subsidiary testing cen- For several years we have been trying to identify 
ters are at Gwalior(260 N, 780 E)in central India short-duration chickpea genotypes tolerant to 
and, for off-season advancement at Tapperwar- drought in the peninsular Indian environment 
ipora (34°N, 75' E)in Kashmir, northern India, (ICRISAT Annual Report 1982, pp. 110-11i). 
Dharwad (15'N, 75' E) in southern India for the This has involved growing a range of genotypes 
first time; Sarghaya (360 N, 36°E) in Syria, and with and without irrigation and accounting for 
Terbol (340 N, 36' E)in Lebanon. National scien- drought escape effects by either extending the 
tists at many other locations in different coun- daylength to synchronize flowering or by using 
tries participated in testing ICRISAT materials, multiple regression analysis (ICRISAT Annual 
and we gratefully acknowledge their contribu- Report 1979/80, pp. 82-84). To verify genotypic 
tion to our research effort. differcnces found so far we grew five contrasting 

In the 1985/86 season, yields were good in genotypes in nine soil environments during the 
West Asia and northern India, but rather disap- 1984/85 season at ICRISAT Center. These 
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environmental differences were created by grow- to capitalize on favorable moisture conditionsing the plants on Alfisols and on Vertisols differ- that occur in some years (e.g., ICC 4958);ing in soil depth, with and without irrigation. 0 genotypes with a high yield potential in favor-We determined yield stability across the dif- able environments may not perform well'inferent soil moisture environments by regressing drought environments (e.g., P 1329); andyield of individual genotypes against the average * Annigeri performs reasonably well underyield for the environment (Fig. 1). The results drought but can also positively respond todemonstrate that: improved soil-moisture conditions. 
* selection of genotypes for a greater degree of It now seems feasible to attempt geneticdrought toleraace is possible(e.g., ICC4958); improvement of drought tolerance in short* drought-tole: ant genotypes may not be able duration chickpea as we now have appropriate 
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Annigeri y = -151 + 1.1921x r2 = 0.99 
P 1329 y = -235 + 1.1297x r2 = 0.97 
ICC 10448 y = 44 + 0.9733x r2 = 0.97 

lICC 4958 y = 299 + 0.8046x r = 0.96 
ICC 11051 y= 42.7 + 0.9002x r = 0.99Figure 1. Response of five chickpea genotypes across a range of soils differing in moisture availability,

ICRISAT Center, 1984/85. 
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donor parents (e.g., ICC 4958) and reproducible (53 mm in late January, and 39 mm in mid
drought environments under which selection February) revived plants at the drier end of the 
pressure can be exercised, gradient. We harvested 1.5 m subplots across 

each strip and plotted yields against moisture 
applied by the sprinklers. Responses of both 

Use of Line-Source Sprinklers to Determine total above-ground biomass and seed yield (Fig. 3)
Moisture Response to moisture were linear over the moisture range 

used; we expected a reduction in seed yields at 
Drought screening of chickpea has usually been the highest moisture levels due to excessive 
done using just two moisture treatments, with vegetative growth. Linearity indicates that theand without irrigation. However, in order to two treatments, with and without irrigation, 
compare genotypes more precisely in their re- would suffice for genotypic comparisons over 
sponse to moisture, it is necessary to develop this moisture range. It is encouraging to note 
moisture response relations. In 1985/86 we used that the response patterns of Annigeri, ICC 
a line-source sprinkler system to create a mois- 10448, ICC 4958, and ICC 11051 in Figure 3 
ture gradient (Fig. 2). We grew four replications follow a similar trend to that obtained in Figure
of'20 genotypes in I-in wide strips front0to 15 m I over a similar yield range. In 1986/87, we are 
from the sprinkler line. We applied sprinkler repeating this study using more genotypes and 
irrigation at 28 and 52 days after sowing (DAS). will, hopefully, obtain a wider range of moisture 
However, heavy rain during the pod-filling stage levels, particularly towards the drier end. 

Figure 2. La3 out of the line-source sprinkler irrigation experiment with chickpea. The sprinkler line 
runs vertically through the center of the photograph (indicated by arrow), and positions of the 1-m wide 
and 15-m long strips for each test genotype are indicated by plot markers left and right. Vertisol,
ICRISAT Center, postrainy season 1985/86. 
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2ICC 10448 y = 151.3 + 11.67x r = 0.95 

Annigeri y = 168.2 + 8.85x 2r = 0.85 
ICCL 84225 y = 149.4 + 10.23x r2 = 0.96 

2ICC 4958 y = 159.1 + 7.36x r = 0.74 
2ICCL 84328 y = 134.4 + 9.57x r = 0.93 

ICC 11051 y = 129.0 + 8.69x r2 = 0.93 
K 850 y = 145.2 + 6.57x rl = 0.89Figure 3. Response of several chickpea genotypes to differential moisture application by line-source 

sprinklers. ICRISAT Center, postrainy season 1985/86. 

Adaptation Studies at Gwalior the top yielder and a distinct outlier. It flowered 
at 74 DAS, as compared with 68 DAS for G2In 1985/86, we conducted growth analyses on a and 61 DAS for JG 315, the two best-adapted

range of genotypes growing on an Inceptisol at local cultivars. However, ICCV 6 (ICCC 32)
Gwalior, a site supposedly suitable for medium- matured 5 days earlier than the other two cultiduration chickpea. It was found that a group of vars. Yields of cultivars such as JG 315 and C 235 
genotypes that flowered over a narrow range of were similar despite their flowering dates being60-75 DAS showed a wide range in seed yield, 25 days apart. Further growth analysis studies
from 1.76 to 2.58 t ha-1. ICCV 6 (ICCC 32) was are in progress to determine the reasons for the 
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differences in yield performance, particularly the insignificant. Under the experimental conditions 
high yield of ICCV 6 (ICCC 32). at ICRISAT Center, painting pots white and 

covering the soil surface with white polypropy
lene granules doubled the biomass and seed pro-

Responses of Late-sown Chickpea duction of chickpea genotypes grown in such 
to Agronomic Inputs pots. 

It may be necessary for various reasons, for 
instance when sowing in rice fallows, to sow Biotic Stresses 
chickpea later than its optimum sowing date in 
various parts of northern India. To determine Diseases 
the optimum agronomic conditions for late sow
ings in the Gwalior environment we studied the Disease Situation in Chickpea 
effects of fertilizer, irrigation, and plant density 
on the growth of chickpea cultivar K 850 at two Observations at research stations in India during 
sowing dates. A delay in sowing from 29 Novem- the crop season showed incidence of chickpea 
ber to 9 December caused a yield reduction of stunt disease (caused by bean leaf-roll virus, 
20-28% but neither increasing diammonium BLRV) to be relatively high in the peninsular 
phosphate application from 100 to 200 kg ha-' zone. The incidence of foliar diseases such as 
nor plant density from 33 to 50 plants m-2 ascochyta blight (Ascochvta rabici) and botrytis 
enhanced yields of late-sown chickpea. The gray mold (Botrytis cinerea) in northern India 
effects of irrigation were probably atypical be- was negligible, mainly due to the dry weather 
cause of the above-normal rainfall throughout that prevailed in the 1986/87 postrainy season. 
that growing season, This study is continuing. 	 The incidence of ascochyta blight was also neg

ligible in Pakistan. In Ethiopia, fusarium wilt 
(Fusarium oxysporum) and root rots (Rhizoc-

Improving the Growth of Ocer Plants in Pots toniaspp) appear to be the main problems but 
the extent of damage they cause needs to be 

For breeding programs that require careful determined. 
supervision and frequent observation--for 
instance, when interspecific crosses are Purification ofthe causal agent ofstunt. BLRV 
attempted-it is convenient to grow potted that causes stunt of chickpea is a phloem-specific 
plants. But under the conditions prevailing at virus and under field conditions is transmitted 
ICRISAT Center, chickpeas often do not grow mainly by Aphis craccivora.The virus is known 
well in pots. It was expected that soil type, soil to occur in low concentration in its host tissue 
composition, and soil temperature may be re- and therefore, to obtain a workable quantity of 
sponsible. In a 24 factorial experiment, we tested virus for purification, a large quantity of chick
two different Cicer species: C. arietinum and pea tissue, preferably of roots, is required. 
C.judaicum; the effect of two mixtures of black Using root tissue from infected plants, we con
and red soils; two soil compositions prepared by sistently obtained spherical particles, about 25 
adding 0 and 50% vermiculite; and two different nm in diameter, typical of BLRV (Fig. 4). 
pot colors: black with a soil cover of black poly
propylene granules, and white with a soil cover Development of a medium for Botrytis cinerea. 
of white polypropylene granules. The difference The fungus which causes gray mold of chickpea 
in pot color, which caused differences in tempera- grows profusely on potato-dextrose broth; how
tures of up to 4'C 15-cm deep in the soil resulted ever, few or no conidia are produced. To develop 
in significant differences in growth and yield of an efficient screening technique, we tried to pre
both species. The effect of the other factors was 	 pare a medium on which the fungus could pro
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Figure 4. Purified preparation of bean leaf roll 
virus (BLRV) particles. This virus is responsible 
for stunt disease in chickpea. (Electron micro
graph, magnification , 3 000 000). 

duce many conidia. We used several conven-
tional mcd ia, and others reported as successful 
elsewhere. We used autoclaved tissues of differ-
ent plant species and nt rien t media, with con-
binations of dextrose. ammoniumL nitrate, and 

asparagine. However, we observed heavy sporu
lation only on desi chickpea (DCP) meal broth 
(extract from 40 g broken desi seed in I L dis
tilled water). After a 15-day incubation period, 
the fungal growth contents from each flask were
macerated in a blender, filtered through a 
strainer, and the number of conidia estimated 
using a hemocytonreter. 

The fungus produced very few conidia on 
DCP meal broth when exposed to fluorescent 
light, but the number of conidia increased when 
it was exposed to 12 h rather than 8 h near-UV
light (Table I) 

Lower temperxatures enhanced sporulation. 
Shere was nio sporlat iotn at 300C. The fungus 

more conidia (308 104 iL-' suspen
son) on l)CP meal broth when incubated at 

15C than at 20InC (144 x 04 ml-') and 250C 
(77 10. ml:'). 

Fusarium wilt and grafting. We grafted chick
pea getloty'pes to studV the disease reaction of 
graft-hybrids to FusariunoX.Vsporunm L'.sp CiCVri 
race I. The r-ciprocal grafts involving wilt
resistant and wilt-susceptible genotypes were 
subjected to disease stress soon after the estab
lishment of root and scion. Successful estab
lishnment of the reciprocal grafts in wilt-infested 
soil suggests the involvement of certain anti-

Table 1. Effect of media composition and photoperiod length on sporulafion of Botryfis cinerea, 
laboratory test, ICRISAT Center, 1986. 

-Ireat ment 
Photoperiod 
(near-UV light) Broth i medit inn 

8 I Desi chickpea meal 
8 h Desi chickpea flour 

12 I Desi chickpea meal 
12 h Desi chickpea flour 

SE 

CV (%) 

I. 50 ml- autoclaved medium in 250 fil. flask, incubated at 25 'C. 
2. Average of four replications. 

Number of conidia 101 ml.-' suspension 2 

Trial I Trial 2 

27.5 20.A 
8.7 8.3 

40.9 24.6 
4.2 4.3 

±3.25 ±2.85 

32 40 



fungal substances produced by plants in impart-
ing resistance. 

Use of ICRISAT Chickpcq Wilt and Root Rot 
Resistance Sources by National Programs 

Wilt (Fusariumoxysporurn f. sp ciceri)and root 

rots (mainly Rhizoctoni, bataticola and 
P. solan) are the major disease problems of 
chickpea in countries in lower latitudes (0-25' N) 
where the growing season is warm and dry.
Though crop rotations and agronomic manage-
ment practices such as adjustment of sowing 
date and use of irrigation can help to minimize 
the losses caused by these diseases, growing 
resistant/ tolerant cultivars is the most effective 
and practical means of control. ICRISAT has 
been engaged in extensive screening of germ-
plasm and breeding materials in wilt-sick plots at 
ICRISAT Center for the past 10 years to develop 
wilt-and root-rot resistant/ tolerant varieties of 
chickpea. In order to identify chickpea lines with 
broadbased resistance to wilt and root rots and 
to share the seed of such lines with scientists in 
national programs, two multilocational cooper
ative disease nurseries are currently being organ-
ized. The Indian Council of Agricultural Re-
search (ICAR)/ICRISAT Uniform Chickpea 
Root Rots and Wilt Nursery (IIUCRRWN) in 
India is conducted in collaboration with the All 
India Coordinated Pulses Improvement Project 
(AICPIP). The International Chickpea Root 
Rots and Wilt Nursery (ICRRWN) is conducted 
in other chickpea-growing countries. 

ICRRWN. From 1984 to 1986, 160 entries 
were evaluated at 12 locations in 9 countries. The 
lines that showed 0-20% mortality at 6-7 loca-
tions are listed in Table 2. Lines that showed 
resistance in so many locations possibly have 
durable resistance and could therefore be used in 
resistance breeding programs in such countries 
as Bangladesh, Chile, Ethiopia, India, Mexico, 
Nepal, Spain, Tunisia, and the USA. 

IIUCRRWN. From 1984 to 1986, 172 cntries 
in this nursery were evaluated at 17 different 
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Table 3. Chicipea lines with broadbased resistance to wilt and root rots at 14 locations in India, 1984-86. 

Number of 
Wilt incidence (%) locations 

Cultivar Akola 
Badna-

pur 
Berham-

pore 
Da-
hnd Dholi 

Farid-
kot 

Gwa-
lior 

Gurdas-
pur 

Hi-
sar 

LuJh-
iana 

Pant-
nagar 

ICRISAT 
Center 

Ra-
huri 

Se-
hore 

where 
found 

resistant 
ICC 2664 
ICC 6440 
ICC 6815 
ICC 9112 
ICC 9127 

6 
13 
1 
8 

11 

10 
6 
9 
8 

12 

11 
17 
11 
61 
70 

20 
15 
17 
11 
7 

5 
17 
0 
8 
0 

27 
14 
8 
8 
9 

8 
4 
-

15 
5 

60 
55 
62 
75 
63 

6 
6 
6 
17 
14 

48 
26 
27 
33 
30 

44 
25 
53 
40 
42 

10 
16 
3 
7 
8 

5 
36 
0 
3 
0 

20 
83 
20 
29 
67 

10 
9 
10 
9 
9 

ICC 10384 
ICC 10399 
ICC 10630 
ICC 10809 

2 
8 
12 
7 

16 
16 
4 
4 

20 
13 
32 
43 

10 
12 
31 

9 

8 
1 

10 
5 

9 
9 
4 

13 

7 
36 
16 
55 

41 
60 
47 
46 

13 
25 
9 

12 

36 
34 
16 
28 

41 
54 
45 
37 

20 
11 
6 

11 

2 
17 
26 
14 

0 
23 
36 
25 

11 
8 
8 
8 

ICC 11224 
ICC 11314 
1CC 11322 
ICC 11324 

4 
28 
4 
!1 

2 
7 
5 
54 

9 
36 
33 
85 

1 
8 

31 
8 

3 
4 
5 
2 

2 
9 
7 
5 

13 
6 
15 
24 

20 
20 
50 
64 

10 
16 
8 
4 

6 
17 
20 
13 

37 
40 
36 
40 

7 
9 
7 

100 

18 
41 
12 
11 

50 
42 
21 
12 

12 
9 
9 
8 

ICCL 81004 
ICCL 81006 
ICCL 81010 

9 
8 
6 

6 
6 
7 

5 
49 
35 

49 
84 
75 

43 
8 
8 

1 
4 
8 

7 
17 
10 

58 
16 
11 

18 
15 
13 

20 
18 
38 

57 
61 
49 

16 
15 
41 

28 
2 
3 

60 
55 
31 

8 
t0 
8 

Control 
JG 621 82-100 100 98 28 99 78-100 36 100 100 100 25-45 25-100 100 25-94 0 

1. Susceptible to wilt and root rots. 
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locations in India. At most of the locations [ TDM SE ±0.09
 
screening was carried out in wilt-sick plots. The Seed SE ± 0.04
 
lines that showed a broad resistance to wilt and
 
dry root rot (R. bataticola)are listed in Table 3.
 
The line ICC 11224 was resistant (less than 20% 1.2 ICCC 4 JG 74
 
mortality) at 12 out of 17 test locations and can
 
be used in resistance breeding programs in var
ious regions of India. 1.0
 

Effect of Solarization on Chickpea Wilt
 
, 0.8
 

Last year we reported that soil solarization (cov- '9
 
U 

ering the soil with transparent polythene to "1 
increase surface soil temperature) largely over- 1 0.6 
came the adverse effects of fusarium wilt on a 
wilt-susceptible cultivar, ICCV I (ICCC 4), 
growing in a wilt-sick field (ICRISAT Annual C 
Report 1985, pp. 145-147). In the 1985/86 sea- - 0.4 
son we reimposed solarization treatments on the r 
1984/85 experimental plots to measure residual 
and cumulative effects of solarization. Plant 0.2 
growth was relatively poor, probably due to low 
rainfall in 1985 and lack of irrigation during crop 
growth. Despite this, a large response to solari
zation was still obvious iri the wilt-susceptible 0.0 
cultivar and there was a strong residual effect 1984 - + + + + 

from the previous year (Fig. 5). No significant 1985 - + - + + - + 

effects were measured in the wilt-resistant cul- Solarization 
tivar, JG 74. Figure 5. Residual and cumulative effect of soil 

Solarization decreases pathogen population solarization (+ = solarized, - =nonsolarized) on 
and increases the activity of antagonistic micro- seed and total dry matter yields (t ha-1) of wilt
organisms. We studied the soil microflora in susceptible (ICCC 4) and wilt-resistant (JG 74)
solarized and nonsolariz d soils. The fungal chickpea genotypes on a wilt-sick Vertisol plot,
population was generally reduced in solarized ICRISAT Center, postrainy season 1985/86. 
soil but the population of some antagonistic 
fungi remained high. One of them, Penicillium 
pinophilum Hedgcock identified by the Com
monwealth Mycological Institute (CMI), UK antagonistic fungus, P. pinophilum. In another 
was found to be antagonistic to the chickpea wilt experiment, 7-day-old test seedlings of the same 
pathogen in laboratory studies. cultivar grown in sterilized sand were root-

We conducted two screenhouse pot experi- inoculated with F. oxysporum f. sp ciceriand 
ments to sttciy the interaction of P. pinophilum either of the two strains of P. pinophilum, that 
with the chickpea wilt pathogen (Fusaiium had been multiplied on potato-sucrose broth. 
oxysporium f.sp cicer). In one experiment seeds The seedlings were then transplanted into a ster
of the wilt-susceptible genotype JG 62 were sown ilized Vertisol in plastic pots. The six treatments 
in fusarium-infested soil that had been inocu- in both experiments were: fusarium alone, each 
lated separately with the two strains of the antagonist alone, fusarium in combination with 
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each antagonist, and the control (sterilized soil 
with no fungi). The chickpea plants were observed 
for wilt incidence after 60 and 90 days. While 
there was 100% wilting in the fusarium-inoculated 
treatments in both the experiments, the plants
remained free from wilt where the antagonist 
was present along with fusarium. Inoculation 
with the antagonist fungal strains alone did not 
adversely affect the plants. 

Solarization can also adversely affect benefi-
cial soil microorganisms. Where the soil was 
irrigated prior to solarization there was a 1000-
fold reduction in numbers of chickpea rhizobia, 
to <10 g-' dry soil. By chickpea sowing time, 
some 4 months later, rhizobial numbers in solar-
ized plots had increased to about 100 g-i of dry
soil. The low rhizobial numbers resulted in low 
nodule number and mass plant-' in 47-day-okd 
JG 74 but shoot mass was not adversely affected, 
Although solarization can reduce rhizobial pop
ulations in the soil they are able to recover espe
cially if chickpea is grown. Further, the reduc-
tion in nitrogen fixation appears to be compen
sated by an increased release of soil nitrate from 
4 to 15 ppm following solarization. 

Insect Pests 

Pest Incidence 

The pod borer, Heliothisarmigerawas again the 
major insect pest of chickpea in all areas that we 
surveyed in India in 1986. This insect attacks the 
plant from the seedling stage and can completely
defoliate young plants, but most genotypes 
quickly recover from such damage. The greatest
yield loss is caused by the larvae feeding on the 
pods, because compensation for such damage is 
usually limited by plant senescence, that occurs 
with the onset of the hot, dry season. In 1985/86, 
the populations of H. armigeramoths recorded 
in the light and pheromone traps at ICRISAT 
Center were unusually low for most of the sea-
son. However, substantial populations of larvae 
developed on chickpea before and after they
flowered. The catches of this moth at Hisar, in 
both light and pheromone traps, were higher 

than usual, and there was substantial damage to 
chickpea crops that were not protected by in
secticides. 

Few other pests were very harmful in this year.
Aphis craccivora, the vector of BLRV that 
causes the stunt diseise of chickpea, was more 
common than in the previous year. At Hisar, few 
plants (<1%) were killed by termites (Odonto
termes obesus). Cutworms (Agrotis spp) were 
locally damaging in central India. Spodoptera
exigua was recorded as a minor pest at ICRI-
SAT Center. Reports from Ethiopia indicated 
that H. armigerawas particularly destructive to 
chickpea crops there. In the Mediterranean 
region the leaf miner (Liriomyza cicerina)was a 
widespread pest. In Mexico Heliothis zea was 
the major pest in the northwest region and a leaf 
miner(Liriomyzasp)was common in the central 
region. 

Heliothisarmigera 

Host-plant resistance. We grew 1162 newgerm
plasm accessions in unreplicated plots in an 
augmented design in the pesticide-free Vertisol 
area at ICRISAT Center, and we recorded their
pod damage and yields. Some appeared to be 
less susceptible or tolerant when compared with 
the control cultivars. These will be tested in 
replicated trials in the coming season. 

Major attention was paid to screening mate
rial being bred for resistance to both Heliothis 
and wilt. This material was screened at both 
ICRISAT Center and at Hisar. Our previous
selections were retested to confirm resistance in 
12 m2 test plots. 

In this year for the first time we offered the 
International Chickpea Heliothis Resistance 
Nursery (ICH RN) comprised of short-, medium-, 
and long-duration genotypes to 10 cooperators 
in India and to 13 in eight other countries. 

We developed field cages that appear to 
encourage H. armigeramoths to lay their eggs
(Fig. 6)on the plants within the cages rather than 
on the cages themselves. These 2-m high cages 
are constructed of 5-mm mesh nylon fishnet; 
they retain the moths, but have little effect on 
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Figure 6. Scanning electron micrograph of a Heliothisarmigeraegg laid in a typical position on the 
margin of a chickpea leaflet. A glandular trichome which secretes acid can be seen in front of the egg. 

light or other environmental factors. Such cages five tagged plants in each of these rows at 3-day 
are expected to allow us to use laboratory-reared intervals from 19 November to 13 December (8
moths to screen chickpeas for oviposition non- counts). All eggs and larvae were removed from 
preference throughout the year. one of the rows after each count, the other row 

was left undisturbed. Pod damage and yield were
Mechanisms of resistance. We again tested for recorded from all the tagged plants in each row 
mechanisms of resistance in trials that were car- at maturity. The two resistant selections had 
ried out in the open fields and in screenhouses much less pod damage than the susceptible con
and laboratories. trol (Annigeri). However, the mechanisms of 

We reported earlier(ICRISAT Annual Report resistance clearly differed. The selection ICCL 
1985, pp. 150-151) that chickpea genotypes 86102 (ICCX 790197-23PLB-l IPL3-B3PLB),
differ in susceptibility to H. armigera due to which had been specifically bred for H. armigera
differences in oviposition, larval retention, and resistance, was infested by far fewer eggs and 
antibiosis. This year we compared some of our larvae than the control, Annigeri (Table 4).
resistant genotypes with control cultivars in a ICCV 7 (ICCX 730008-8-1-1 P-BP-8EB3), a cross 
three-replicate trial in a pesticide-free field. Each that was not specifically made for H. armi,,era
plot consisted of' two 9-m rows, 60 cm apart. resistance, was infested with as many eggs and 
Eggs and larvae of H.armigerawere counted on larvae as the control, but suffered far less pod 
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Table 4. Counts' of eggs and larvae ofHeliothis armigeraand the percentages of pods damaged by this 
pest on chickpea genotypes 2, ICRISAT Center, postrainy season 1985/86. 

On rows where eggs and larvae 
were removed after each count On undisturbed rows 

Genotypes Eggs Larvae 
Pod 

damage (t) Eggs Larvae 
Pod 

damage (%) 
ICCL 86102 
ICCV 7 (ICCX 730008) 

57 
121 

60 
99 

8 
10 

58 
108 

189 
354 

13 
12 

Control 
Annigeri 139 102 32 126 345 27 
SE (mean) t12 ±10 ±3.2 ±18 ±22 ±1.2 
Trial mean (8 entries) 106 87 16.4 97 296 18 
CV (%) 19 21 34 32 13 12 

I. Data shown are totals from eight counts at 3-day intervals from 19 November 1985. All eggs and larvae were removed from 
one row, in each plot 3 days before the first count and after each count. 

2. Randomiied block design with three replicatLs. 

damage. We suspect that the resistance of the 
latter selection may result from antibiosis. This 
will be further studied in laboratory tests. 

Oviposition on wild legumes. Wild relatives of 
crop species may contain resistance genes that 
can usefully be transferred to the cultivated crop. 
In cooperation with our Genetic Resources Unit 
(GRU), we screened, in laboratory tests, eight 
wild Cicersppfor oviposition nonpreference. In 
each test, flowering and podding twigs of two 
wild species and of resistant and susceptible 
chickpea genotypes were exposed to egg laying 
moths in plastic cages. All of the wild species 
(Cicer bijugum, C chorassanicum, C. cunea-
turn, C. echinospermum, C. pinnatifidum, C. 
reticulatum,and C vamashitae) attracted more 
egg-laying than the resistant chickpea genotype, 
ICC 506, so there was no oviposition nonprefer-
ence resistance in these species. 

TDRI/ICRISAT Cooperation 

Scientists from the Tropical Development and 
Research Institute (TDRI), UK arc collaborat-
ing with ICRISAT in studies of the population 
dynamics of H. armigera.In this year we studied 

the population build up of this pest in pesticide
free chickpea (cv Annigeri) at ICRISAT Center. 
We monitored the adult populations with a 6
watt portable light trap set in the crop and all 
females caught were dissected to determine if 
they had mated. We also monitored eggs and 
larvae by twice-weekly counts on 80 plants in the 
field. Over the same period, plants were uprooted 
and taken to the laboratory, where they were 
examined for eggs and small larvae, to ascertain 
the efficiency of our field counts. Adult emer
gence was monitored using I-im2 metal gauze 
interception traps that were set in the crop. Col
lections of larvae were reared to cdetermine par
asitism. We also conducted field experinents to 
estimate pupal mortality. 

The highest number of mated females trapped 
coincided with the peak of egg numbers on the 
crop. The numbers of females, the proportion 
mated, and number of eggs on the crop all 
declined sharply from standard week 49, in early
December, when the chickpea flowered. After 
first converting the data to numbers m - 2 and 
correcting for undersampling of eggs and small 
larvae, wo calculated the mortality of the differ
ent stages, or age groups, using a life-mortality 
budget, to identify key mortality factors. The 
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Table 5. Life mortality budget for Heliothisarmigera in chickpea, ICRISAT Center, postrainy season 
1984/85. 

Development stage 
Estimated 

number m2 
Log estimated 

nos. m2 K value' Observed mortality factors 

Eggs 257 2.410 0.222 
Small larvae 154 2.188 0.389 
Small-medium larvae 63 1.799 0.007 'ampoletis chlorideae (16.6%) 
Medium larvae 62 1.792 0.190 Carcelia i/Iota (54.3%) 
Large larvae 40 1.602 0.959 
Emerged adults 4.4 0.643 0.643 Pupal mortality (74.3%) 

1.K value =Mortatity rate calculated as difference between the logs of estimated number or2 of the successive development 
stages. 

correction factors were derived from the regres- importance. This was probably associated with 
sions of field sample counts on those from the establishment failure by the newly hatched lar
detailed observations on plants in the labora- vac and with deaths caused by virus. 
tory. The mortality rates were expressed as K 
values, these being the differences in log numbers Insecticide Use 
between successive developmental stages. The 
greatest mortality rate occurred between the Insecticide use on chickpea at ICRISAT Center 
large larvae and adult emergence (Table 5). This in the 1985/'86 season gave a yield increase of 
was confirmed by other experiments that showed about 37%, with 1.3 t ha-' being harvested from 
considerable parasitism by Carcelia illota in the the insecticide-treated plots. This was the 10th 
large larvae, and heavy predation of pup;-, in the year of such trials; the data are summarized in 
soil. Mortality of early instar larvae was next in Table 6. 

Table 6. Pods damaged by Heliothisarmigera in nonprotected plots, grain yields from protected 
plots, and differences in yield from insecticide-protected and nonprotected plots (avoidable loss), 
ICRISAT Center, 1976-1986. 

Mean grain yield of plots Avoidable loss 
Pods damaged in protected with insecticide 

-
Year nonprotected plots (%) (t hla) (kg ha- 1) (%) 

1976-77 9.4 1.20 209 17.6 
1977-78 24.8 0.43 101 23.4 
1978-79 14.6 0.94 179 19.1 
1979-80 11.8 1.73 510 29.5 
1980-81 11.2 1.28 181 14.1
 
1981-82 14.9 1.56 190 12.2
 
1982-83 14.6 2.16 400 18.5
 
1983-84 10.4 0.86 100 11.6
 
1984-85 8.0 0.95 160 16.8
 
1985-86 28.3 1.34 360 37.4
 

Average 14.8 1.24 239 19.3
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In most years, two sprays of endosulfan have 
been sufficient to give adequate protection against 
H. armigera. As the cost ha- I of each spray is 
roughly equivalent to the sale value of 45 kg of 
chickpea, insecticide use would have been a good
investment 	in all the years when the crop poten-

-tial exceeded I t ha . 
In some years (e.g., 1979,'180) the percentage of 

avoidable loss exceeded the percentage of pods 
damaged. This can be explained because 
H. arni4-cra larvae not only reduce yields by 
damaging the pods, but also damage vegetative 
parts and flowers reducing the nimbers of' pods
plant- 1. In one year, 1981 82, the percentage of 
avoidable loss was less than the percentagL of
pods damaged, and the dalnagcd plants obviously
compensated for the losses by prolonged growth. 
In most years the pesticide-treated plots senc,ced 
a few days before the tntreated plots. 

Susceptibility of H. ariniera to Insecticide 

As part of our TIDRI, ICRISAT collaboration, 
we sent samples of -I. armigeracollected from 
chickpea at ICRISAT Center, to Reading Uni-

versity, UK for insecticide toxicity tests. Com
pared with controls, from a long-established 
laboratory culture, these were found to be highly
resistant (70 fold) to DDT but equally suscepti
ble to both endosulfan and cypermethrin. As 
endosulfan has been intensively used to control 
this pest at ICRISAT Center for the last 10 
years, this result was encouraging but rather 
surprising. It suggests that the H. armnigerapop
ulations on chickpea at ICRISAT Center migrate
from areas where 1))T has been intensively used 
for many years. 

Nodule-damaging Insects 

Over several years, we have recorded insect 
d amage in up to 25% of the nodules on chickpea 
roots. The extent of such damage varies with 
years and locations. This year we succeeded in 
collecting samples of the insect that is responsi
ble for most of the damage. It has been identified 
as a new species of Metopina (l)iptera: Phori
dae) by a specialist taxonomist at Cambridge
University, UK. The effect of the damage (Fig. 7) 
on the nitrogen-fixing ability of the plants is still 
to b assessed. 

Figure 7. Chickpea nodule (left) dissected to show tissue damaged by Metopina sp, compared tohealthy nodule in longitudinal section (right). ICRISAT Center, 1986. 

4t%,.'-
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Plant Nutrition Response to Rhizobial Inoculation Rate 

Responses to rhizobial inoculation in chickpea 
arc often inconsistent in soils with a native 

We are trying to develop the most appropriate chickpea Rhizobium population. We thus won
methods for identifying and correcting mineral dered whether the usually recommended inocu
nutrient imbalances in chickpea. Our major lation rate of 104-105 rhizobia seed - I was indeed 
emphasis is on enhancement of symbiotic nitro- sufficient to improve nodulation. In 1985/86, we 
gen fixation. We are hosting a Government of conducted a field trial on an Alfisol containing 
Japan Special Project that is examining interac- chickpea rhizobia in which we measured the 
tions between mineral nutrition and soil mois- effect of different rates of inoculation of strain 
ture availability in chickpea. We are continuing IC 2091 on nodulation of chickpea cultivar 
studies on the identification of mineral nutrient K 850. Rhizobia were applied as a peat inoculant 
deficiencies in chickpea by the use of a pot cul- suspension in water below each seed at sowing. 
ture technique, and we are measuring residual Although an increased inoculation rate did not 
effects of chickpea genotypes that differ in nodu- significantly increase the nodule number, accord
lation capacity, on subsequent rainy-season ing to serological identification it markedly 
crops: the results will be reported in detail next increased nodule occupancy by the inoculant 
year. strain (Fig. 8). Plant growth was not improved 

125- -125 
Nodules plant-' (SE ±19.1) i 

100- Nodules from inoculant (%) (SE ±9.6) -100 

- 75 tC.) -75 " 
/ 1 Ca.), 0 

E 
0 

zo50- 50 ! 

P/z 0 

z 
25 -25 

Control 4 x101 4 x103 4 x105 4 x107 4 x109
 
Inoculant rhizobia seed-' applied at sowing
 

Figure 8. Effect of increasing rates of rhizobial inoculation at sowing on nodule number plant-', and 
percentage of nodules formed by inoculant rhizobia at 53 DAS on the roots of chickpeqi genotype K850 
grown on an irrigated Alfisol, ICRISAT Center, postrainy season 1985/86. 
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by increased inoculation rate, as the native rhi-
zobia were sufficiently effective, but the present 
results demonstrate that an improved strain of 
Rhizobium would have to be inoculated at high 
rates if it is to compete successfully with native 
rhizobia in forming nodules, 

Identification of a Nonnodulating Chickpea 
Mutant 

During a routine nodulation observation in 
1985/86 in a Vertisol field with abundant chick-
pea rhizobia, we noticed a nonnodulated plant 
of ICC435. This plant was potted and grown in a 
greenhouse to produce seeds. In subsequent stud-
ies the progenies of this plant were truly non-
nodulated in the presence of abundant rhizobia 
of strain IC 59. This naturally occurring mutant 

(ICC 435M) was compared with a previously 
known induced (gamma-irradiation) mutant PM 
233 (received from Dr. T.M. Davis, University 
of New Hampshire, USA) in a pot trial, along 
with the parents of both mutants. In the absence 
of nitrogen both the mutants grew poorly and 
did not flower but plants fed on 100 ppm N grew 
very well (Fig. 9). The mutants were distinctly
different from one another in flowering and 
growth patterns. 

Root Development Patterns and Phosphorus 
Accumulation 

In the 1984/85 postrainy season, we followed the 
time course of root growth, shoot dry matter 
accumulation, and phosphorus (P) uptake in 
chickpea cultivar K 850 growing in a Vertisol 

Figure 9. Chickpea plants (44 DAS) of nonnodulating mutants ICC 435M and PM 233 grown in potscontaining sand watered with quarter-strength Arnon nutrient solution without N (insert)and with 100 
ppm N as KNO 3, greenhouse trial, ICRISAT Center, 1986. 

KNI 233(-N) 

WC 435,N(-N) , 

ICC 435M(+N) II,. 'M 233(N) 

r~ ~r 
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under receding soil moisture conditions. Apost- Two phases of active root development were
sowing irrigation was given to ensure even emer- observed, duringone the vegetative growth 
gence, and 1.8 mm of rain fell at 53 DAS. Mois- period prior to 60 DAS and another during the 
ture in the 0-90 cm soil profile was 30-35% (w/ w) grain-filling period (Fig. 10). Before the grain
at 10 DAS and gradually declined to 10% near filling period, the roots had attained 87% of their 
the surface and 20% at 90 cm depth at 83 DAS. maximum dry mass and 76% of their maximum 

500- a 
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-300- Pod and grain 

2000
 

V) Green leaves 0Yellow leaves 

0V 
0 20 40 60 80 100 120 

Days after sowing 
6 b 80 1.0 

Root dry mass 
Root lengthP uptake2 -60 -0.8 

-0.6 

-40E 
L - 0.4 

2--0 0200
 

2 C -0.2/ 

0-
0 20 

I 
40 

I 

60 80 
I 

100 
I 

120 
0 0 

Days after sowing 
Figure 10. Changes with time in: a. shoot dry mass, and b. root length, root dry mass, and phosphorus
uptake in chickpea genotype K 850 growing under receding soil moisture conditions on a Vertisol,
ICRISAT Center, postrainy season 1984/85. 
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length. During this period, the shoot accumu-
lated only 50% of its maximum dry matter and 
73% of its P. In this respect chickpea differs from 
other crops, such as maize or soybean, where dry 
matter and P accumulate in the shoot almost in 
parallel, 

The increased root development during the 
grain-filling period (Fig. 10) occurred at a time 
when soil moisture was low and gradually de-
creasing. Root length increased to a greater 
extent than did root dry mass, indicating an 
efficient use of carbohydrates in increasing root 
surface area. Phosphorus uptake to shoots in-
creased in a manner similar to root growth dur-
ing this period. 

These data demonstrate that chickpea can 
take up the bulk of its P requirement for shoot 
growth in its early growth stages, while the soil is 
still moist. However, the ability of this crop to 
produce roots and absorb P when the soil is 
relatively dry, during the grain-filling period, 
indicates a possible special adaptive mechanism 
of chickpea that permits absorption of nutrients 
under conditions of receding soil moisture. This 
is being further studied, 

Grain and Food Quality 
During this year, we concentrated our efforts in 
the areas of chemical composition, dehulling 

quality, consumer acceptance, protein digestibil
ity, and biological evaluation. In addition, we 
obtained information on the effect of fertilizer, 
irrigation, field conditions [soil pH and electrical 
conductivity (EC)], an( location on chickpea 
protein content. 

Chemical Composition 

To study the nutrient profile of lines developed 
by ICRISAT, we analyze,! seed of several geno
types including commonly grown cultivars for 
protein, starch, sugars, ash, fat, fiber, minerals, 
and trace elements. As shown in Table 7, we 
observed significant differences in protein, starch, 
calcium, and iron contents of dhal (decorticated 
split seed) samples of these genotypes. ICCV I 
(ICCC 4) contained the highest amounts of pro
tein, confirming results of sample analysis for 
the 1984/85 season. Results of the analysis of 
whole-seed samples substantiated this observa
tion. The nutrient profiles of genotypes deve
loped by ICRISAT were comparable with those 
of local cultivars, and for some constituents they 
were better (Table 7). We examined the effect of 
growing season by analyzing seed samples from 
eight genotypes ICCV I (ICCC 4), ICCV 2 
(ICCL 82001), ICCV 6 (ICCC 32), ICCC 37, K 
850, P 1329, Annigeri, and L 550 grown during 
1984/85 and 1985/86 at ICRISAT Center. 

Table 7. Chemical composition' of dhal samples of chickpea genotypes, ICRISAT Center, 1985/86. 

Genotype 


ICCV I (ICCC 4) 

ICCV 2 (ICCL 82001) 

ICCV 5 (ICC 83009) 

ICCV 6 (ICCC 32) 

ICCC 37 

Annigeri 

L 550 


SE 

Protein Soluble 
(N x6.25) Starch sugars Fat Fiber Calciurn Iron Zinc 

(%) (%) (%) (%) (%) - (mg 10 0g - 1) 

29.0 50.0 5.5 5.7 1.0 73.2 8.8 5.8 
22.6 57.9 5.3 5.8 1.2 93.4 6.3 4.0 
20.7 56.3 5.6 6.8 1.1 58.4 6.3 4.6 
21.9 54.1 5.3 4.3 1.4 74.9 7.6 6.0 
22.9 54.6 5.7 6.1 1.2 52.9 6.4 4.2 
23.3 54.0 5.8 6.7 1.1 50.5 6.1 4.0 
22.7 54.2 5.7 5.3 1.2 73.2 6.5 4.7 

±0.25 ±0.82 ±0.12 ±0.13 ±0.07 ±5.59 ±0.29 ±0.07 

I. Expressed on moisture-free basis. 
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Whole-seed and dhal samples were analyzed for interaction. The genotypic differences found in 
protein, starch, soluble sugars, fat, fiber, ash, this study confirmed our earlier observations, 
and minerals. Of the various constituents, pro- but we had not previously found significant 
tein and starch were significantly (P = 0.05) interactions between locations and genotypes. 
influenced by the growing season. Mean protein 
content of the 1985/86 season was significantly 
(P=0.05) higher than that of the 1984/85 season 
and the reverse trend was true for starch content. Cooking Quality and 
Genotype x environment interaction was signif- Consumer Acceptance 
icant (P<0.01) for protein and starch contents 
of both whole-seed and dhal samples. Further A considerable proportion of chickpea produced 
analysis indicated that the calcium content ofthe in India and many other countries ofthe world is 
whnle-seed was significantly (P 0.01) higher consumed as whole seed. Information on cook
than that of the dhal. On an average, about 60% ing quality and consumer acceptance is therefore 
of the calcium in the grain was lost by removing important and we studied these for five geno
the seed coat during dhal preparation which con- types each of desi (C 235. G 130, H 75-35, H 208, 
firmed our earlier findings. ICCV I (ICCC 4) and kabuli (L 144, 1, 550, 

ICCC 25, ICCV 6 (ICCC 32), and ICCC 33) 
chickpeas grown during 1985/86 at Hisar. We 

Protein Content as Influenced by Environment tested whole seed samples for their seed color, 
texture, flavor, taste, and general acceptability

The large variability in chickpea protein content with the help of 10 panel members. The results 
has become a matter of great concern because as indicated no significant differences between desi 
yet we are unable to determine all the causes for and kabul; types for all the characters studied. In 
the observed variations. We conducted experi- addition, the cooking time of whole seed and 
ments to study the effects of location, fertilizer, dhal samples of 14 elite ICRISAT lines (ICCC 
irrigation, and field conditions (soil p11 and EC) 14, 25, 33, 34, 36, 38-43, and 46-48) was deter
on protein content. The application of nitrogen mined. For whole seeds it varied from 54 min for 
fertilizer significantly (P = 0.01) increased the ICCC 25 to 98 min for ICCC 42, whereas for 
protein content in chickpea (19.3% with 120 kg dhal it ranged from 25 to 46 min, the mean being 
N ha - 1 and 16.9% without nitrogen). On the 34.3 min.The cooking time for whole seed and 
other hand, irrigation had no significant (P = dhal of25 genotypes, including the 14 mentioned 
0.05) effect on protein content. The protein con- earlier, did not show a singificant correlation (r= 
tent of Annigeri whole-seed samples grown in 0.13). Further, we observed that 100-grain mass 
different fields at ICRISAT Center varied from was positively and significantly correlated with 
13.9 to 23.8%. In alkaline and saline soils (soil cooking time of whole seed (r =0.45, P= <0.05) 
pH readings of 8and above and EC readings of 2 and dhal (r = 0.53, P: .<0.01). The pr,!ein con
and above) the protein content was reduced. tent of these genotypes was not correlated with 

To confirm our earlier results, (ICRISAT the cooking time of whole seed and dhal. 
Annual Report 1984, p. 145) we studied the 
effect of location on protein content by analyz
ing seed samples of 16 genotypes of ICCT-DL Dehulling Quality 
grown with three replications each at Faridkot, 
Hisar, and Kanpur. The mean protein content of In cooperation with the Home Science College, 
these genotypes was 18.8%at Faridkot, 23.3%at Hyderabad, we evaluated nine chickpea geno-
Hisar, and 18.9% at Kanpur. Statistical analysis types for their dehulling quality using the Prairie 
of these data revealed significant (P = <0.01) Regional Laboratory (PRL) mini dehuller. The 
genotype differences and genotype x locaton dhal yields varied from 67.7 to 84.8% (Table 8). 
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Table 8. Dehulling quality of chickpea genotypes, ICRISAT Center, 1985/86.1 

100-grain Recovery of dehulled material (%)
Genotype mass (g) Whole seed Dhal Broken Powder Husk 
ICCV I (ICCC 4) 15.0 6.9 67.7 1.8 4.8 11.2ICCV 2 (ICCL 82001) 23.8 1.4 84.8 1.0 6.2 4.5ICCV 6 (ICCC 32) 17.5 1.1 84.3 1.5 6.8 3.6ICCC 37 18.2 7.6 72.! 4.7 .3 7.3 
K 850 29.4 2.4 83.5 2.1 4.0 9.4P 1329 18.7 2.6 80.5 2.5 1.7 10.2Annigeri 21.6 12.5 72.9 1.1 3.6 9.7H 208 11.3 7.6 70.2 5.0 3.9 9,9L 550 19.7 1.0 84.7 0.8 7.1 3.3 

SE ±0.33 tO.87 ±2.59 ±0.23 ±0.21 ±0.46 
1. Using PRI. mini dehuller. 

In gneral the dhal yield was higher for kabuli Effect of Cooking on Protein Digestibility
than desi types which might be due to the
former's lower seed coat content. However, we As the digestibility of legume protein is reportednoticed that the powder fraction was relatively to be low even after heat treatment, we studiedhigher in the kabuli types, suggesting that kabu- the digestibility of raw and cooked ( 15 lb preslis might incur greater nutrient losses on dehul- sure for 15 in) whole seed and dhal samples ofling. Among the desi types, the dhal yield ranged chickpea Annigeri. We determined the biologifrom 67.7 to 83.5%. cal value, true protein digestibility, and net pro-

Table 9. Effect of cooking on biological value, protein digestibility, and net protein utilization in 
chickpea (cv Annigeri), ICRISAT Center, 1986. 

Food Biological True proteinTreatment consumed (g) Net protein
value (%) digestibility (%) utiliza'.ion (%) 

Annigeri whole seed 
Raw 45.8 78.9 80.8 63.7Cooked 46.8 73.2 81.9 60.0
 
SE 
 ±1.53 ±2.78 ±0.90 ±2.52 

Annigeri dhal 
Raw 47.9 79.3 87.6 69.5Cooked 49.0 80.7 86.9 70.1
 
SE 
 ±0.62 ±1.34 ±1.22 ±1.16 
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tein utilization of whole seed or dhal samples Breeding Long-duration Desi Types 
using Wistar strain rats. These parameters were 
not changed significantly by cooking (Table 9). We are now breeding for resistance/tolerance to 

biotic and abiotic stresses prevalent in specific 
regions. We aim to incorporate resistance to the 
major diseases and Heliothis. In the environ-

Plant Improvement ments where long-duration chickpeas are grown, 
resistance to the following stress factors isconsi-

Breeding Short- and Medium-duration dered important: wilt, root rot, stunt, ascochyta
Desi Types blight, botrytis gray mold, Heliothis, salinity, 

and low temperatures.
The details of breeding materials of short- and We made 150 crosses during the year, mostly
medium-duration desi types evaluated at ICRI- to incorporate resistance to two or more stress 
SAT Ce:aer and Hisar are presented in Table 10. factors mentioned above into high-yielding gen-
Replicated yield tests of medium-duration mate- otypes. Some single crosses will be used as pal
rials were also conducted at Gwalior. ents in three-way crosses to add more resis-

The F~s were advanced to obtain sufficient F2 tances. In addition we made ten crosses to 
seeds for screening against diseases and Helio- increase levels of resistance to botrytis gray mold 
this and to meet the demands of our cooperators. and 45 crosses to increase levels of resistance to 
The F, to F, populations, and F3 to Fe plant ascochyta blight and to study the inheritance of 
progenies/ families were evaluated in normal or resistance. 
wilt-sick fields with or without insecticide pro- About 9500 progenies and 850 bulks were 
tection to identify materials combining high evaluated in normal, wilt-sick, and nonsprayed
yield and resistances to diseases and Heliothis. fields at Hisar. Based on visual evaluations, 
All the resistant F, and F3 plants were bulk yield, and wilt resistance, selections were made 
harvested and over 4200 single plants with both of single plants and progenies (Table 10).
desired characters were selected for further pro- In collaboration with HAU, we screened 8 F2 
geny tests. Based on actual seed yield, percent le bulks and 1082 F3 progenies and selected 155 
increase in yield over the moving average of single plants from a joint ascochyta blight
controls, and scores for diseases and pests, 686 nursery. At Pantnagar, where we collaborate 
progenies were selected for replicated yield tests with G.B. Pant University of Agricultuic and 
in 1986/87. Some of these combined high seed Technology, 405 bulks and progenies were 
yield with resistance to fusarium wilt, dry root screened in the botrytis gray mold nursery and 
rot, and Heliothis,a combination hitherto not we selected 471 plants that showed resistance. 
available in short-duration backgrounds. High-yielding, wilt-resistant, and uniform 

We conducted preliminary (PYT) and ad- progenies (two hundred and seventy six) were 
vanced yield tri..ls (AYT) of 667 advanced- bulked and included in replicated PYTs, while 
generation breeding lines at ICRISAT Center the six most promising lines were entered in 
and Gwalior. The most adapted local controls AYTs to be conducted during 1986/87. 
were included for comparison. These lines were The results of the 1985/86 PYTs with 622 lines 
also screened for resistance against wilt, root and AYTs with 92 lines were analyzed. 'Table II 
rots, and Heliothis.Forty-seven short-duration presents data of four representative trials. Based 
and 25 medium-duration lines that outyieldeJ on this performance data we selected 50 lines for 
the controls and showed resistance to wilt and ICSN-DL, 12 lines for ICSN-DM, six lines for 
Heliothis were contributed to International the International Chickpea Cooperative Trial-
Chickpea Screening Nurseries (ICSNs). Inaddi- Desi Long-duration (ICCT-DL), and 101 lines 
tion, we selected 104 lines for advanceo yield for AYTs. Two promising entries were contrib
tests in 1986/8/. uted to AICPIP trials as ICCV II and 12. 
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Table 10. Numbers of chickpea populations and progenies evaluated at ICRISAT Center and Hisar, 
1985/86. 

Materials grown in: 

Generation 
Normal 

field 

Wilt-
sick 
field 

Non-
sprayed 

field 

Nonsprayed 
wilt-sick 

field 

Materials seleted 
Single 
plants Bulks 

ICRISAT Center 
Desi short and medium duration 
F, Crosses 
F,Populations 
F3 Populations 
F3 Progenies 
F4 Populations 

294 

279 

56 

258 
104 
755 

27 

588 

423 

390 

2538 

232 
258 
100 
371 

F 4 Progenivs 
F,Progenies 
F6 Progenies 
F7 Progenies 
F8 Progenies 

499 
2005 
828 
690 
157 

390 
3352 
1681 
671 
141 

203 
1994 
1150 
398 

174 
68 
43 

398 

304 
466 
361 
163 

121 
269' 
277 
111] 
17' 

Total 4808 7352 3745 1298 4645 1647 

Hisar 
Desi long duration 
F, Crosses 
F2 Populations 
F3 Progenies 
F 4 Progenies 
F5 Progenies 
F, Progenies 
F7 Progenies 
F8 Progenies 

144 
6 

1024 
!076 
3317 
1906 
647 
2 4 

18 
541 
894 

3058 
1983 
926 
513 

15 
60 

266 
143 
349 
233 

618 
311 

4030 
865 
378 
154 
31 

120 
77 

354+211 
16+16' 

1121 
591 
601 
181 

Total 8404 7933 1066 6387 853 

Hisar and ICAISAT Center 
Kabuli 
F2 Populations 
F3 Progenies 
F4 Progenies 
F4-F5 Progenies 
F5 Progenies 
F5-F6 Progenies 
F6 Progenies 
F7-Fo Progenies 

47 
51 

279 
55 
515 
342 
276 
227 

51 
261 

3!5 
342 
231 
228 

437 
9 
34 
13 
9 

63 

91 

32' 
121 
25' 
31' 

Total 1792 1428 565 109 
1. Selected for replicated yield trials during 1985/87. 
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Table 11. Performance of the three highest-yielding entries iin chickpea Preliminary Yield Trials 
(PYTs), Hisar, India, 1985/86. 

Time to 50% 100-seed Seed yieldLine/cultivar flowering (days) mass (g) (t ha-1) 

Desi long-duration lines trial
 
ICCX 800138-BH-BH-35H-BH 92 
 12.2 3.8 
ICCX 800135-BH-BH-47H-BH 87 12.1 3.7 
ICCX 800161-BH-BH-9H-BH 96 13.8 3.7 

Controls
 
H 208 
 87 12.5 2.9
K 850 83 23.9 2.8 
SE ±1.9 ±0.46 ±0.21 
Trial mean (25 entries) 14.393 3.2 
CV(%) 4 6 13
 

Mid-tall lines trial
 
ICCX 770913-BH-6H-BH 72 13.6 3.6 
ICCX 770382-BP- 1-1 H-I H-2H-BH 83 18.2 3.6 
ICCX 770918-BH-IIH-2H-IH-2H-BH 89 3.211.9 
Controls
 
K 850 
 85 24.0 2.9
H 208 90 12.3 2.9 
SE ±1.6 ±0.53 ±0.21 
Trial mean (25 entries) 88 14.3 2.7 
CV(%) 4 8 15 

Multiseeded lines trial 
ICCX 780359-4H-1 H-I H-BH 93 14.1 3.0
ICCX 800461-4H-IH-BH 98 10.6 3.0
ICCX 780351-5P-IH-I H-BH 95 17.2 2.8
 
Controls
 
K 850 85 25.3 2.4
HMS 8 96 13.5 2.1
H 208 90 12.1 2.1 

SE ±2.7 ±0.72 ±0.22 
Trial mean (36 entries) 94 15.6 2.3 
CV(%) 5 8 17 

Heliothis-resistantlines trial 
ICCX 800771-22PLB-5PLB-6HLB-BHLB 80 11.6 4.4
ICCX 800771-22PLB-3PLB-IHLB-BHLB 82 16.2 3.7
ICCX 800771-22PLB-3PHB-2HLB-BHLB 85 11.6 3.3 

Controls
 
ICCX 730020-1 1-2-EB 86 
 10.1 3.0
H 208 85 11.2 3.0 
SE ±1.6 ±0.92 ±0.41 
Trial mean (25 entries) 84 11.9 2.7 
CV(%) 4 3015 
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Breeding Kabuli Types 

For the kabuli crossing program 45 single crosses 
were made among parents with good agronomic 
backgrounds, resistance to diseases such as wilt, 
stunt, ascochyta blight, and botrytis gray mold, 
Heliothis resistance, large seed size, and with 
different countries of origin. In addition 34 mul
tiple crosses were m;,de mainly among single 
crosses mutually con ensating for the missing 
component/characters .cquired in the region. 

Table 10 lists the breeding 'iaterials, F, through 
F 7, grown in normal and wilt-sick fields and 
together with a few Fs grown in the blight 
nursery at HAU, Hisar. It also shows the 
number of single plant selections made, and the 
progenies individually bulked for PYTs. A high 
selection pressure was applied for larger seed size 
through all the generations. 

Five PYTs and one AYT were conducted at 
Hisar. The AYT was also repeated at Gwalior. 
L 550 and ICCV 6 (ICCC 32) were inc!udcd as 
controls in all these trials, 

A number oflines exceeded the control culti-
vars in yield and many had larger seeds (Table 
12). The most promising entries in these trials 
were contributed to 'he International Chickpea 
Cooperative T,ialKabuli (lCCT-K) which was 
initiated this season and sent on request to 7 
non-ICRISATlocations. Itcomprised 15 entries 
,-f short-, medium-, and long-duration types 
with L 550 as control. Some trial entries were 
selected for further testing in AYTs. From the 
advanced trial we selected two entries that per
formed well at both Hisar and Gwalior, and were 
contributed to the AICPIP as ICCV 13 and 
ICCV 14. 

Short-duration kabuli cultivars are in increas-
ing demand in peninsular India. Two varieties, 
ICCV 2 (ICCL 82001) and ICCV 5 (ICCL 
83009), are early maturing and wilt-resistant and 
were sent to cooperators at Lam, Coimbatore, 
Bijapur, Gulbarga, Akola, Badnapur, and Rahuri 
for testing. Unfortunately the crops failed be-
cause of the severe drought. 

Because of the growing interest in kabulis, we 
started a small-scale breeding program with 12 
crosses involving short-duration kabulis with 

Heliothisand wilt resistance, and large seed. We 
also grew 55 F 4 progeny rows, selected 30 plants 
from these, and bulked 6 progenies for inclusion 
in PYTs. 

Breeding for Drought Resistance 

Following the identification of drought-tolerant 
parents we have initiated a breeding program 
that follows the diversified bulk population 
breeding approach. 

In this scheme, an adapted parent will be 
crossed with a drought-tolerant parent ICC 
4958. The resulting F , then will be crossed with 
wilt and dry root rot-resistant parent ICC 12237. 
The F, population of the three-way cross will be 
screened in the disease nursery. The wilt and dry 
root rot-resistant plants thus haivested will then 
be evaluated under both drought-stressed and 
nonstressed conditions in the F3, F4, and F5 
generations. ;ingle plants selected in F5 will be 
grown as F,progenie!. :nd the best progenies will 
be evaluated again in yield tests under both 
environmental conditions. The top-yielding 20.
25 lines will be further screened for drought 
resistance by the line-source sprinkler technique 
to identify elite lines for multilocational trials. 

We envisage that this approach will integrate 
disease resistance, drought resistance, and yield 
potential, and may also give us information 
about environments suitable for drought 
screening.
 

Breeding for HeliothisResistance 

We continued our efforts to incorporate Helio
this resistance into high-yieldiag genotypes of 
short duration at ICRISAT Center, and of long 
duration at Hisar, by screening the breeding 
materials in pesticide-free areas. Our major 
thrusts were to combine wilt and Heliothis 
resistance, to identify breeding lines with con
sistently low Heliothisdamage, and to increase 
the :evel of resistance by combining resistant 
sources. At ICRISAT Center we developed a 
wilt-sick plot in the pesticide-free area so that we 
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Table 12. Seed yield (t ha-') and 100-seed mass (g) of the two highest-yielding kabuli chickpea lines in 
four Preliminary Yield Trials, Hisar, India, 1985/86. 

Line/cultivar 
100-seed 
mass (g) 

Seed yield 
(t ha-') 

Trial I 
ICCX 780670-B-B-IIH-24H-BH 
ICCX 780670-BH-BH-22H-BH 

31.0 
30.4 

3.7 
3.3 

Control 
L 550 22.1 2.8 
SE ±0.59 ±0.20 

Trial mean (25 entries) 26.9 2.9 
CV(%) 4.3 14 

Trial 2 
ICCX 770198-BH-7H-BH-BH-BH 25.5 3.0 
ICCX 790476-Bl-1-BH-27H-2-1-BH 31.7 3.0 

Control 
1.550 25.1 2.6 
SE ±0.88 ±0.15 
Trial mean (25 entries) 27.5 2.7 
CV(%) 6.4 11 

Trial 3 
ICCX 790506-BH-BH-29 H-2H-BH 30.3 3.2 
ICCX 790265-9H-B1I-BH-1 H-BIH 32.3 3.1 

Control 
L 550 21.1 2.7 
SE ±0.60 ±0.18 
Trial ,.. (25 entries) 26.7 2.8 

CV(%) 4.5 13 

Trial 4 
ICCX 790280-BH-1 H-BH-BH 
ICCX 761293-SH-4H- H-BH 

25.7 
23.6 

3.1 
3.0 

Control 
L 550 23.2 2.6 
SE ±0.75 ±0.20 
Trial mean (25 entries) 25.6 2.7 
CV(%) 5.9 15 
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can screen for Heliothisand wilt resistance at the 
same time. Kabulis are generally more prone to 
Heliothisdamage, so we started to incorporate 
resistance into these types. 


From segregating breeding materials in 
var-
ious generations grown in wilt-sick and pesti-
cide-free fields, we selected 617 plants that stir-
vived wilt attack and also showed low Heliothis 
damage, and 198 plants from the pesticide-free 
areas. Seventy-nine advanced generation breed-
ing lines that had low Heliothisincidence and/or 
good yield levels were bulk harvested individu-
ally for PYTs next year. In addition, we bulked 
23 lines that showed low Heliothisdamage and 
resistance to fusarium wilt for tests in replicated 
trials next year. 

At Hisar, 15 desi and 24 kabuli F, popula-
tions, and 963 F3 to F, progenies were grown in 
pesticide-free pl,,s; 1274 desi and 228 kabuli 
plants were selected. 


Sixty-nine lines were tested in PYIs 
 and 
AYTs in the pesticide-free areas at ICRISAT 
Center and 92 were tested in similar trials at 
Hisar. We identified lines that gave good yields 
and were resistant to Heliothis, the best 4 lines, 
ICCL 86101 to 86104 in these trials were con-
tributed to the AICPIP nultilocational trial for 
Heliothis resistance. Besides thcse, two more 

lines, ICCL 86105 and ICCL 86106, were con-

tributed to ICRISAT's ICHRN. 


We compiled the data of the last 4 years and 

identified lines that showed consistently low 

Heliothis damage. We are crossing these with 

lines that have both wilt- and Heliothis-resis-
tance. 

Two lines (ICCL 84501 and ICCL 84502) con-
tributed to AICPIP multilocational trial for 
Heliothisresistance in 1984/85 maintained their 
performance in 1985/86 and were retained for 
further testing. 

Offseason Nurseries 

The major offseason activity was at Tapperwar-
ipora in Kashmir where we grew around 3000 
rows of different materials. About 80% were F~s 
and the rest were male steriles, and materials for 

backcross studies, interspecific crosses, breeding 
methodology, mutation breeding, and multilo
cational testing. A wet spell during the early 
stages of the crop favored the development of 
ascochyta blight. However, the crop recovered 
after frequent fungicidal sprays and warm weather 
later in the season. Production was not satisfac
tory and we continue to search for a better 
offseason site. 

Exploring possible sites for chickpea offsea
soil work, we conducted trials at Dharwad. Six 
varieties of different maturities and types were 
tested on three sowing dates: 15 May, 1 June, 
and 15 June. The same set was sown at Tapper
waripora and at 5 locations at ICRISAT Center 
in the 3rd week of June in red and black soils, 
under permanent shelter, and in a movable shel
ter (Table 13). The data suggest that we may be 
able to produce a fair crop at Dharwad by sow
ing in the 3rd week of June, if the weather condi
tions later during harvest are relatively dry so 
that the crop can avoid colletotrichum blight 
and excessive vegetative growth. At ICRISAT 
Center, thL crop grown under the movable shel
ter produced the highest yield. The red and black 
soil crops require full protection against colle
totrichum blight. 

In the rainout shelters at ICRISAT Center we 
made crosses for aschochyta blight and botrytis 
gray mold resistance, grew breeding materials to 
study the inheritance of the nonnodulating char
acter, continued a backcross program, increased 
seed for double-podded and wilt-resistant tall 
lines, conducted an allelism test for male steril
ity, and multiplied seed for mutation breeding. 
We made 55 crosses for disease resistance, back
crosses for incorporating disease resistance in 
adapted genotypes, and a three-way cross for 
drou'ght resistance. 

In the multiple disease sick plot we screened 4 
F2 populations for a diversified bulk population 
breeding program. 

Extending Chickpea Adaptation 

Early sowing at lower latitudes. Sowing chick
peas early, i.e., in mid-September, gave higher 
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Table 13. Seed yield (kg ha ') in contrasting gt:notype trials conducted in the off-season, ICRISAT 
Center, Dharwad, and Tapperwaripora, 1986. 

Tapperwaripora 
ICRISAT Center locations' Dharwad sowing date sowing date 

Genotype 	 I 2 3 4 5 15 May I June 15 June 25 May 10 June Mean 
Annigeri 610 330 710 780 1690 440 470 500 4Q0 720 670 
K 850 	 510 320 660 810 1130 1090 730 840 ,00 870 790 
Pant G 114 710 470 760 700 1580 470 700 660 530 740 730 
ICCV 2 (ICCI. 82001) 340 240 440 640 1310 280 340 320 280 350 450 
ICCV6(ICCC32) 510 290 1020 780 1410 760 670 1120 600 1110 830 
Rabat 	 190 80 730 930 1360 710 460 930 550 720 670 

SE 	 ±86 ±49 ±77 ±116 ±158 ±98 ±100 ±117 ±117 ±154
 

Mean 	 480 290 720 770 1410 620 560 730 560 750 

CV (%) 31 29 18 26 19 
 ?7 31 28 36 35 

1. 	 Locations 
I = Vertisol. 
2 =Alfisol. 
3 = Medium black soil, reduced sunlight, full exposute to rains.
 
4 = Fixed rain-out shelter.
 
5 = Mobile rain-out shelter, covered only during rains and at night. 

yields than sowing at the normal time, i.e., in lines that yielded well in the previous years suf-
October at ICRISAT Center (ICRISAT Ainual fered most due to limited soil moisture, and their 
Report, 1983, p. 136; 1985, p. 161). This year we crop duration was curtailed. The early-sown 
selected the 23 highest-yielding lines screened for crop took slightly more time to flower; and in the 
early sowing and tested these together with two case of the high-yielding lines also took more 
controls in an early versus normal sowing corn- time to matrc than the normal-sown crop 
parison. In addition we sowed four more early- (Table 14). The early-sown crop was taller, and 
sown screening trials in September. One of these had more pods plant-'. Seed size was not affected 
comprised of F5 progeny bulks of crosses involv- by sowing date. Despite the prevailing drought 
ing parents whic.i yield well when sown early. conditions, the early-sown crop yielded 1.1t ha-' 
The remaining hree trials contained gertnplasm compared to 0.7 t ha -t for the normal-sown crop,
lines grouped according to their time to 50% thus confirming the advantage of early sowing. 
flowering. Twenty-six crosses were made between 
lines adapted to early sowihig, and sources of Late sowing at higher latitudes. There is a 
resistance to wilt, dry root rot, black root rot, growing interest in introducing legumes into new 
colletotrichum blight, and Heliothis. Under areas and cropping ,ystems, particularly in late
early-sown conditions, 1331 F3 to F5 progenies vacated cotton (late November to early Decem
were evaluated and 954 of these were also ber) and rice fallows in South and Southeast 
screened in a wilt-sick plot. We advanced 629 Asia. We continued our efforts at Hisar and 
progeny bulks, and included 46 progeny bulks in Gwalior to identify and develop genotypes 
replicated trials. adapted to late-sown conditions. 

The season was unusually dry and the crop For that purpose 50 single crosses were made 
suffered from drought. '[le medium-maturing between parents adapted to late sowing and lines 
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SC 0with resistance to wilt, ascochyta blight, and-. o ........ Heliothis.In northern India, chickpea is gener. 0 - 0ally sown from late October to mid November. 

V, 
j. 

We sowed 312 germplasm lines and 566 F3 to F 74J** 
earlier crosses, withZ V %n'. . 00o- progenies, derived from 

appropriate controls in the first week of Decem
%0 .ber00 in normal fields. These progenies were simul-

0-2/P '. . taneously screened for resistance to wilt at0--------------------- - ICRISAT Center or Hisar. Based on visual 

,00 scores for agronomic performance and increase 
%n0,1,,n 01% M, 00,. in seed yields over the moving averages of con

•4 --, trols, ;73 single plants, 23 germplasm lines, and 
34 progeny bulks were selected for progeny tests 
and replicated yield trials.0 " ,-4 l C 

00 

Wez evaluated 46 advanced-generation desiELand 23 icabuli lines in late-sown PYTs. Several 

lines outyielded the controls (Table 15) and 16 ,, ,n M ( " desi and 7 kabuli lines were selected for AYTs in 

7 iSets of 23 desi and 10 kabuli elite lines were2 00 V1 in advanced yield tests at Hisar and%n0 1*e ,,evaluated 
z Gwalior. One wilt-tolerant desi line, ICCV 15, 

produced a mean seed yield of 2.0 t ha-' and one 
r- 1= ,. -- 0,,) kabuli line, ICCV 16, produced 1.9tha-1 against 

"1 1.7 t ha-' produced by the control, H 208 and 1.5 
".t ha-' produced by the control, L 550. ICCV 15! E ,, and ICCV 16 were contributed to the AICPIP 

, z -  late-sown trials. 
E0
 

41 .
2 0 , 01, o Bree.:,ng and Genetic studies
 

cc0 
 Reit'rabination breeding. We continued our
V1 'fforts to recombine the desirable characteristics- - of Annigeri, K 850, JG 62, ICC 506, and ICCL 

C; i - 83151 through single, d',ulle, and biparental 
, c r00 r 00 0 crosses (ICRISAT Annual Report 1985, pp.. 157). We made 51 biparental crosses among the 

U selected F 3 progenies from earlier double crosses. 
. Twenty-fou F2s from biparental crosses, 33 F3ES "progenies from double crosses, and 132 F5 pro2= geny bulks from initial single crosses were evalu

,  ated in normal or wilt-sick fields. The F2s were q 0 bulk harvested for one more screening against 
co wilt; 70 single plants were selected in F3 progen

0 E ' ies; and the 20 highest-yielding F5 progenies were 
-4, >.U bulked for replicated yield tests in 1986/87. 

Z U -4 Early generation bulk yield testing. We were 
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Table 15. Hundred-seed mass (g) and seed yields (t ha-') of three highest-yielding desi and kabuli 
chickpea lines, in late-sown trials, Hisar, India, 1985/86. 
Line/cultivar 

Preliminary Yield Trial---Desi
 
ICCX 790518-49H-BH-IH-1H1-BH 

ICCX 790519-BT-13H-B3H-14H- 1-1BH 

ICCX 790519-13T-1H-1H-7t4-1 H-BH 


Control
 
H 208 


SE 

Trial mean (25 entries) 

CV (%) 

Preliminary Yield Trial-Kabuli
 
ICCX 790525-151-1131-1-H-I H-BH 

ICCX 790525-211-RH- H-I H-BH 

ICCX 790525-19H-H-I H-I H-BH 


Control
 
L 550 


SE 

Trial mean (25 entries) 

CV (%) 

following the classical pedigree breeding proce-
dures prior to 1978/79 when the modified bulk 
pedigree procedure was initiated (ICRISAT 
Annual Report 1978/79, r. 117). This method 
involved replicated yield testing of F2/F 3 bulks 
multilocationally to select potentialiy good 
crosses. The F4 derived F5 progenies from selected 
bulks were evaluated for yield and their high-
yielding progenies were individually bulked.We 


included selected progenies in ICSNs that are 
distributed to cooperators through out the chick-pea-growing areas of the world, 

We evaluated the usefulness of early-generation 

testing after the 1984/85 season. For this, we 
drew information on F2/F 3 bulks, and F5 /F6 
progenies grown at ICRISAT Center and else-
where, and worked out the following correlations: 

100-seed mass(g) Seed yield (t ha- 1) 

12.9 3.1 
25.1 3.1 
26.8 3.1 

11.4 2.6 

±0.41 ±0.18 

18.9 2.6 

4 14 

26.7 3.2 
24.7 2.8 
20.3 2.7 

21.0 1.4 

±0.82 ±0.24 

24.7 1.8 

7 26 

0 between yields of F3 bulks, and F 5 and F6 
progenies; and 

0 between yields of F 2 and F 3 bulks and their 
derived lines in ICSNs. 

We did not observe any consistent correla
we nn , d 3aycosin.t corl 

tions between F and F3 yields in multlocationaltrials. The number of high-yielding progenies
bulked in the F5 generation showed a significant 

positive correlation with the bulk yield atF3some locations during some years; but the corre
lation with the mean yields of such progenies waslow or negative (I able 16). The mean yields ofderived lines in ICSNs in 1983/84 showed a neg
ative correlation with the F2 yields; while the 
linesinthelCSNsin 1984/85shwednocorrela
tion with the F2 s.The best lines that we selected 

* between yields of F2 and F3 bulks, and F5 and in F5 and F 6 and included in ICSNs had no 
F6 progenies; correlation with their early generation perfor



158 Chickpea 

Table 16. Correlation coefficients between F3 yield inthe 1982/83 chickpea multilocational trial with 
other parameters in F4-F5 generations, ICRISAT Center, 1984/85. 

Paraicters in later generations 

No. of plants Mean yield of 
selected in 

Locations F4 bulk 

Akola -0.52 

Gulbarga -0.66* 

ICRISAT Center 0.24 

Rahuri 
 0.87** 

mance. There may be several reasons for the lack 
of relationship between early and later genera-
tions, but the main reasons seem to be: large 
genotype x environment (locations and years) 
interactions; the occurrence of crosses with low 
mean yield but high variability; and the specific 
adaptation pattern in chickpea that tends to 
eliminate crosses involving parents tha, are 
unadapted to a zone. 

Consequent to this finding, and also due to 
our present emphasis on screening for multiple 
disease resistances in early generations we have 
discontinued the early-generation testing. 

Studies on desi-kabuli introgression. Desi 
chickpeas are distributed throughout the worY 
and are adapted to winter sowing in the subtr 
ics and in hilly areas of the tropics. The kabuLs 
on the other hand, are distributed mainly in the 
West Asian and Mediterranean regions, and are 
adapted to spring sowing at higher latitudes, 

Useful characters can be transferred (intro-
gressed) from one type to the other. For exam-
pie, the resistance to fusarium wilt in desi has 
been transferred to kabuli types; and the resis-
tance to ascochyta blight in kabulis is being 
transferred to the desi type. Having been geo-
graphically separated, these two types may have 
different gene blocks fEr .mportant yield com-
ponents and therefore, yielA improvement may 
be achieved by introgression. 

The first ICRISAY Quinquennial Review 
Panel (1977) recommended desi x kabuli intro-
giession studies. We initiated these studies in 

No. of lines F5 bulked 
bulked in F lines, 

-0.63* -0.32 
0.66* 0.30 
(.40 0.38 
0.64* -0.14 

1979 with the following objectives: I. to intro
gress desirable characters from desi types to 
kabuli types and vice-versa, and 2. to study vari
abi!;ty generated in desi xdesi, desi x kabuli, and 
kabuli x kabuli crosses. We chose three desi 
(CPS 1, BG 203, and Pant G 114) and three 
kabuli varieties (C 104, K 4, and P 9800), and 
made a diallel cross. A wide range of segregants 
was obtained in the F2of desi xkabuli crosses for 
seed shape, size, and color. Overall, the propor
tion ofdesi type seeds was higher (Table 17) than 
those of the kabuli type. Apart from these two 
types, a range of intermediate seed types was also 
obtained, the proportion of which was higher
than that of the kabulis but less than that of the 
desi types. The actual ratios however varied 
from cross to cross. For example, the kabuli line 
K 4 produced a relatively high proportion ofdi.si 
and intermediate seed types, while the opposite 
was observed for C 104. We studied F2 single 
plants, and F, randomly derived progenies to 
assess the variability generated in different 
crosses. In general the extent of variability 
generated by a desi x kabul: cross was similar to 
that of a desi x desi or kabuli x kabuli cross. The 
variability in a cross was more related to the 
divergence of the parents involved than to the 
seed type. The desi parents increased the varia
bility for pod number per plant and number of 
seeds per pod, while the kabulis increased varia
bility for plant height and 100-seed mass. 

The replicated test of F 3 bulks was vitiated, 
hence it was repeated as an F4 bulk trial to select 
high-yielding bulks. We chose the highest-yielding 
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Table 17. Desi, intermediate, and kabuli seed type chickpea plants in F2 populations of desi x kabuli 
crosses, ICRISAT Center, 1981/82. 

Seed types (%) 

Cross Total plants Desi Intermediate Kabuli 
CPS I - K 4 810 71.9 9.9 18.2 
CPS I xP 9800 684 50.0 26.5 23.5 
CPS I x C 104 724 30.8 51.9 17.3 
Pant G 114 - K 4 779 19.863.8 16.4 
Pant G 114 - 119800 734 61.1 26.4 12.5
 
Pant G 114 x C 104 720 25.0 57.5 17.5
 
BG 203 , K 4 856 75.1 9.9 15.0
 
BG 203 xP 9800 713 25.858.5 15.7
 
HG 203 , C 104 743 32.3 49.7 18.0
 

desi (D), kabuli (K), and intermediate (1) bulks in the case of recessive epistasis, the locus for late 
based on replicated F4 tests. wilting to the ofbulk Each of the failed express in absence. 
three bulks was crossed to a fourth desi (WR another dominant gene for early wilting, to give
315) and kabuli variety (No. 501) to initiate a rise to 9 late: 3 early: 4 resistant phenotypes. 
second cycle of introgression. In the F, of tie Segregation among 50 -:.3families for each of the 
second cycle, we observed that the recovery of two crosses supplemented the results obtained 
kabuli seed type segregants is higher than I) or I from F, studies. In another set of trials involving 
types when kabuli or intermediate seed type progenies of late x late wilters, we used the F1
bulks were crossed with the fourth kabuli parent. and F, populations of K 850, 1-1208, and C 104 
The recovery of kabuli type segregants in dcsi crossed with GW 5/7 as a common parent. 'Fhe 
bulk x kabuli parent was similar to the desi x Fts of all the three crosses were late wilting and 
kabuli cross F, of first cycle of crossing. in F, digenic segregation ratios of 15 susceptible: 

We evaluated cycle I and cycle II F, bulks to I resistant in the crosses with K 850 and C 104, 
compare the variability. It appeared that cycle II and 13 susceptible: 3 resistant with 11 208 were 
F3 bulks have reduced variability for many of the observed. The results suggest that the alleles for 
characters studied. But reduction in variability genes governing late wilting in GW 5/7 are dif
for seed yield is only found at Hisar and not at ferent from those identified in K 850, C104; and 
ICRISA-'Center. There is a very clear reduction that H 208 differs from K 850 and C 104 in one or 
in range for number of pods at both locations, two of the resistance genes. 
The comparison will be repeated for one more 
year to confirm these findings. Inheritance of resistance to dry root rot (Rhizoc

tonia bataticola). We studied the inheritance 
Inheritance of resistance to fusarium wilt (Fusa- of dry root rot resistance in the crosses C 104 x 
rium oxysporumn f. sp cicer) race 1. We evalu- P 165 and 14 208 ×P 165 using a blotting paper 
ated the F,, F2, and F3 progenies of wilt suscepti- technique developed at ICRISAT. The inherit
ble JG 62 crossed with wilt-resistant P 165 and ance appeared to be simple with resistance dom-
J) 289, in pots with wilt-infested soil. The Ft's inant over susceptibility (Fig. I1). We also mea
were late wilting and the F2 segregated in a ratio sured the primary root length of the seedlings
of 3 susceptible: I resistant in both crosses. The before inoculation to correlate this with their 
susceptible phenotypes classified as late and disease reaction. The simple correlation coeffi
early wilters gave a good fit to 3 late: I early. As cient (r = 0.23) between primary root length and 
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Figure 11. Inheritance of resistance to dry root rot (Rhizoctonia bataticola) in chickpea. P 165 
susceptible parent; C 104 - resistant parent; F - resistant; F2 :segregating in 3 resistant: I susceptible 
ratio, laborator) trial, I(RISAT ('enler, 1986. 

diSc , SCO'rC il I iIIIImili of the Cross (" 10-1-
P 165 ,,a, not silpiliicaint. CHencC it tav nlot he 
p)ossilc: to select rCsistnt lt\ p , sl gtC1e-
guating popttliatins IseCd oil tilcil loot length 
altnC. We S,ccessttillv transferred sCe'lin)is 
sht vinc rcistc nicc tioion blotting paper to \ ilt-
itf ,.tC(I )oilill plLstic pt()I, Mid [!'it, snMtcd d in 
scrrctiri, Ili both wilt and il* r oolt lilt rcsis-
lance tsi t11 tile ame rittrill. 

Cooperative Activities 
Asian Grain L egumes Network 

The Asian Grain Iegtnci, Network (AGIN), 
known tntil 17 )cceinher 1986 as the Asian 
Grain i.egunc ProoL-an tA(ill), was initiated 

ilt tile egirnninig of 19 0 to strengthett the col
lthration between I('RISA1 '. legumes Piro
r1Ital and scientists ill .\sia ,wtkilt otr I( RI-

SA I,s th.C tlandatc ICguill coj).S, g21OlIintntit, 
chickpea, antd pigconpca. IIe colIcCpt for this 
Net rk cane lrt i two rrtcetinnt.,held at ( 'RI-
SA I (CntrC. tile (ons.tlta.ItivC (ir .p MCctirig 
1o ASian1 Rcgiorial Rcsearchon Itain l.Cgurn .CS,, 
11-151 )cce niber 1983, t I RISA I Annutl Repo t 
1983, p. 148) and the Re, icw and PlarrigcMeet
ing ltr .'sianl Regional Research on Grain 
Legunes, 10-18 leceenher 195, ((RISAr
Annual Report 1985, p. 173). 

[he ('inird inator otfthe Net \work was apptointed 
on I January 1986 with anr Office irt the l egornes
Progran at ICRISVI (enter. The Network has 
a spCcial rhltiortship With India becanse of tile 
many cooperators associated with ICRISAT 
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through ICAR. The Coordinator visited the between ICRISAT and these countries. ICRI
People's Republic of China in late 1985 and will SAT already has MOU's with Pakistan, The 
visit again early in 1987. During 1986 the Coor- Philippines, and Thailand. 
dinator visited all the other countries that are 
presently in the Network (Bangladesh, Burma, International Trials and Nurseries 
Indonesia, Nepal, Pakistan, The Pliiippines, Sri 
Lanka, and Thailand). Contact has been made During 1985' 86 we sent 15 different types of 
with other countries in Asia and visits made to international trials and nurseries to collabora
tile Republic of Korea, Japan, and Taiwan. tors. Table I lists these and shows how many of 

These visits have been used to carry through each type were dispatched. The ICRRWN and 
the recormnendatioils put forward by the Review the II UCR R \VN were most in deaintnd, followed 
and Planning Meeting mentioned above. Con- by the ICH RN-desi mdCdiU -duration and the 
tacts were made to integrate AGI[N activities I('SN, while the International Chickpea Adap
with those of regional and international organi- tation Trials (ICAT) were not so popLular. Un like 
zations. Preliminary surveys were made to deter- earlier seasons, no 1:,trials were supplied, but 
mine disease and pest incidence as a basis for those who had received F,trials during 1984/85
recommending appropriate research activities. could conduct F, trials from the harvested seed. 
Enquiries were made on the need to colf,ct The I('CSNs were duplicated instead of nonrepli
ge rmplasm of the three legume crops in each cated augm'eited designs as before and also 
country. Plans were inade with the Regional twice ilee premious plot siZes to increase accu
Co-ordilnation Center for Research and Devel- racy. The trials and nurseries were distributed 
opment of' Coarse Grains, Pulses, Roots, and over 24 different cuntries (Table 19). There was 
T ber clops inthe Hum id Tropics of Asia and increased interest particuhrly in Mexico, and in 
the Pacific (C(IPRT) in Bogor, Indonesia, to B1angladesh. Burma, and Nepal. Material was 
conduct asociocconomic survey of grounid nut itt sent to Zinbabwe for the first time. 
Indonesia and Thailand. The need for joint spe- Large location and variety differences were 
cial projects with national programs for basic observed a,, expected. The highest average loca
studies were ascertained. Training requirements tion yield. 4.0 tha 1, was from Sriganganagar. 
and personnel requiring training wyere identified. The most stable trial enlries across locations are 
An indication of' the agroclimatological daa shown in Tlble 20 with their avrrage increase in 
available ineach cointry was obtained. T[hese yield over the con t:ols. 
data can be used to identify agroecological 
zones, within which specific legume genotypes Adaptation trials. TIiis year the ICAT., were 
can be recommended. A genotype environ-x sent only to Tui isia, tile West Indies, and Zatm
ment study, inconjunction with the Australian bia in response to requTests from local scientists 
Centre for International Agricultural Research who wanted to determine the type of material 
(ACIAR), was planned. that might suit their environmental conditions. 

The Director General of ICRISAT signed a 
Memorandurn of Understanding (MOLU) in )istribution of breeders' material. We sup-
Dhaka, Bangladesh on 9 September 1986 with plied 892 samples of breeding material to coop
tile Director General ,,the Bhangladesh Agricul- crators in 16 countries including India. Oftl,. se, 
tural Research Instiltte aid another in Ran- 712 went to Pakistan's Chickpea Improvement 
goon, Burma on 10 September 1986 with the Program. 
Managing Director of the Agriculture Corpora
tion. These MOU's indicate the interest these 
countries have in collaborating with ICRISAT Cooperation with AICPIP 
on research ilgrain legume crops, and will facili
itate the movement of scientists and material We contributed six new desi lines (ICCV 8-12, 
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Table 18. Types of international chickpea trials and nurseries sent to collaborators in 1985/86. 

Number of setsTrial, Nursery dispatched 

Breeding 
F2 Multilocational Trial Desi Short Duration (F,-MI L-I)S) 19F2 Multilocational Trial Desi Medium )uration (F,-MIiH)M) 12F, Multilocational Trial Desi long Duration (F-I T[-).) 13
International Chickpea Scrcening Nursery 
 )esi Short l)uration (ICSN-DS)
International Chickpea Screening Nursely 

24 
_)si Mcdium Duration (ICSN-DIM)

InternationaI Chickpea Scrcening NL1;scr"v 
17 

Iesi L.cng Duration (ICSN-1).) 13International Chickpea (C'onpciatise "rial I)esi Short )uration (ICCI-DS) 21
International Chickpea Coopiativc Irial l)esi ,Medium l)uratitn (ICC I-DM)

International Chickpea Cooprali.e trial I)csi Long 

15
 
Duration (ICCT-I)I.) 15

Intcrnational Chickpea Adaptation Trial ( CA 1) 3 

Pathology
ltirernatiorial (hickpca Rotw Rot and Wilt Nursery (I('IR RWN)

ICAR ICRIS."AI Unilotn Uhickpea .,oot-Rot Wilt Nursery' (II11C'R RN) 

25
 
25 

Entotolon)gy 
International Chickpea Ihelithi. Resistant Nursery D'si Short Duration (ICII RN-DS)
international Chickpea Ih'lioi/ti.s Resistant Nursery Desi Medium 

12 
Duration (ICHRN-I)M) 24International Chickpea Iheliothi. Resistant Nursery Desi I.ong Duration (ICI RN-DL) 17 

and 15) and two new kabuli lines (ICCV 13, 1, 
and 16) to the AICPIF1 coordinated variety trials 
for testing in the 1986/87 season. In add'tion 13 
ICRISAT varieties entered in previous years 
were tested during 1985/86. As best entries from 
the 1985/86 experiments, ICCC 37, 43, and 47 
were promoted to the Gram Coordinated Varie-
tal Trial (GCVT) 1986/87. 

In the late-sown trials, ICCC 41 rankedwas 
second in the Central Zone of India, while ICCV 6 
(ICCC 32) took the second place in the North 
West Hill Zone and ICCC 49 did the same in the 
North East Plain Zone. These lines along with 
five other ICRISAT contributions (ICCC 14,36, 
38, 42, and 48) have been retained for further 
testing. 

Kabuli cultivar ICCV 6 (ICCC 32), identified 
for release in the Central and North West Plains 
Zone was tested in 100 prerelease minikit trials in 
farmers' fields in the states of Haryana, Punjab, 
Rajasthan, Gujarat, Madhya Pradesh, Maha-
rashtra, Bihar, and Uttar Pradesh. 

We supplied 1560 kg of ICCV 6 (ICCC 32)
seed for minikit trials to be conducted during 
1986/87 in the same states, and 360 kg of ICCC 
37 seed for minikit trials in Tatnil Nadu, Andhra 
Pradesh, and Karnataka. An additional 100 kg 
seed of ICCV 2 (ICCL 82001) was dispatched to 
Guntur, Andhra Pradesh for State Minikit Trials. 
For seed multiplication 300 kg seed of ICCV I 
(ICCC 4) and 600 kg seed off CCV 6 (ICCC 32) 
were sent to the Central State Farm at Hisar. We 
supplied on request a total of 170 kg seed of 
ICCC 37, 20kg of ICCV 5 (ICCL 83009), 5 kgof 
ICCV 2 (ICCL 82001), and 5 kg of P 1329 to the 
Director of Extension, Andhra Pradesh Agricul
tural University (APAU); to the Andhra Pra
desh Seed )evelopment Corporation (APSDC); 
and to the Indian Farmers Fertilizer Coopera
tive Organisation (IFFCO). In cooperation with 
AICPIP scientists we continued demonstration 
trials of the short-duration, wilt-resistant kabuli 
cultivars ICCV 2 (ICCL 82001) and ICCV 5 
(ICCL 83009) in peninsular India to popularize 
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Table 19. Counties to which chickpea trials the cultivation of kabuli chickpeas. Additionally
and nurseries were distributed from ICRISAT the advantage of early sowing in peninsular
Center, 19F'5/86. India was further investigated in coopieration

with five national researc'j s.tions. In'erestCountry Number serit arose in practical chickpea producimn it, Kash-
Argentina I sowing date varietymir and and trials were 
Banghdesh 12 initiated at two locations-Tapperwaripora andBurma 8 Zainopora. Ascochyta blight resistance is anChile I important requirement for successful chickpea
Ethiopia 4 cultivation in this part of India.
 
Egypt 
 I 
Greece I 
India 154 Cooperation with ICARDA 
Kenya 4
Mexico 16 The objective of the ICARDA/ICRISAT Kabuli 
Nepal 9 Chickpea Program is to develop staole high-Pakistan 25 
Peru 

yielding kabuli varieties for different ecolGgical
I conditions. An ICRISAT chickpea br. der isPhilippihes I stationed at ICARDA in Syria, and scientists ofSpain I othcf disciplines from ICRISAT Center visit 

Sudan I ICARDA occasionally tk, assist with the 
Syria 3 Program.
Tunisia 4 Major improvement goals are to increase yieldTurkey I by introducing winter sowing in the Mediterra-USA I nean region and by developing irrigation-
West Indies I responsive cultivars for the N'ile Valley, the 
Yemen Arab Republic I Indian subcontinent, and Central America and
Zambia I to stabilize chickpea production by developing
Zimbabwe 3 genotypes resistant to physical stresses, such as 
Total cold tolerance in winter-sown crops and drought,255 and biotic stresses sutch as ascochyta blight, the 

Table 20. Average yield of best-performing ICRISAT entries in international trials, 1985/86. 

Average yield
• ighest-yielding Highest yield as percentageType of trial entry (t ha-1) of -ontrol 

International Chickpea Screening Nursery:
Desi Short Duration ICCL 82104 1.2 110Desi Medium Duration ICCL 8i319 1.8 157Desi Long Duration ICCL 84.38 3.0 130 

International Chickpea Cooperative Trial: 
Desi Short Du,'ation ICCL 83224 1.6 116Desi Medium Duration ICCL 83228 1.8 127

Desi Long Duration 
 ICCL 85446 2.5 103 
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major limiting factor to productioi in West Asia 
and northern Africa, leaf miner that can reduce 
yields by 20%, and the cyst nematode Heterod
era cicerithat cause, sporadic damage (Fig. 12). 

Physical Stresses 

Cold tolerance. We Izve evaluated 2433 germ-
plasm lines in the past 6 years and have found 11 
cold-tolerant lines and 36 moderately tolerant 
lines in two cold seasons. Of these, 17 originated 
from India, 8 from Pakistan, 17 from the Medi- 
terranean region, and 5 from Chile. The II cold-

Figure 12. Chickpea roots damaged by the cyst 
nematode (Heterodera ciceri), ICARDA, 
1985/86. 

tolerant lines are ILC 668, 794, 1071,2487, 2505, 
3081, 3287, 3470. 3598, 3599, and 3789. 

Response to irrigation. In order to cater for the 
needs of areas where chickpeas are irrigated, for 
the first time this year we began screening for 
response to irrigation. We evaluated 151 geno
types that were grown rainfed and with supple
mental irrigation. 

Of the 15i lines, 92 p1 oduced significantly 
higher yields when irrigated. Nineteen lines pro
duced more than 3 t ha-' on irrigation, thz high
est yield being 3.7 t ha- I. Under rainfed condi
tions only two lines yielded more than 3.0 t ha-' 
and the highest yield was 3.1 t ha. The mean 
yield of all the 151 lines with irrigation was 2.7 t 

-la against 1.9 t ha-' without irrigation. Thus 
0.8 t ha-' or 41% more yield was produced by 
irrigation. The irrigated plants had a longer 
reproductive period, higher total bionmass, and 
more pods per plant. Irrigation however reduced 
the 100-seed mass, harvest index, number of 
priuary and secondary branches, and protein 
content in the seed. 

Biotic Stresses 

Though many diseases can infect the chickpea 
crop, only ascochyta blight (Ascochyta rabiej) 
causes substantial damage in West Asia and 
northern Africa. The control of the disease 
through fungicides is uneconomical, and the 
most effective and practical method of control is 
through the use of resistant cultivars. Therefore, 
ascochyta blight resistance work receives major 
emphasis. The other diseases of some impol
tance are fusarium wii (Fusariumr oxysporuni) 
and root rots (Rhizoctonia spi). They are 
important in Tunisia, Spain, ana Mexico. We 
are continuing our collaborative work on wilt 
with the national program. In view of the 
demand from Syria we hev begun screening 
genotpes for resistance to the cyst nematode in 
collaboration with the Institutc di Nematologia 
Agraria, Bari, Italy. 

Epidemiology of ascochyta blight. The rela
tionship of temperature and relative humidity 
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(RH) with the development of ascochyta blight Table 21. Chickpea lines showing resistance to 
was examined in the field for the third year in three or more races of Ascochyta rabiei, Tel 
1985/86. The 1985/86 season was not favorable 
for blight, even the susceptible line was not codr
pletely killed. The disease epidemic started late ICARDA 
with temperature and RH conditions in the first accession/ Reactiontoraces _
week in April similar to those during the first line I 2 3 4 5 6 
week in February 1984. The results were similar IL.C 72 R R R R S S 
to those of 1982/83 and 1983/84 (ICRISAT ILC 190 R S R S R S 
Annual Report 1984 p. 159). ILC 201 R R S R R S
 

1LC 202 R R R R R SScreening for ascochyta blight. During 1985/ IILC 482 R R S S R S 
86, 690 germplasm accessions were screened and ILC 2506 R R S R S R 
18 lines were found promising. These will be ILC 2956 R S R S R R 
evaluated in the advanced screening nursery II.C 3279 R S R R R S 
next season. With these, about 15000 germ- II.C 3856 R R R R S R 
plasm accessions have been evaluated for their ILC 5928 R R S R R R 
reaction to blight. FLIP 83-48C R R R S R S
 

ICC 3996 R R R S S S
 
Screening for resistance to different races of resistant S susceptible.
 
A. rabiei. Six races (I to 6) have been identified 
from Syria and Lebanon. Races I to 3, the less 
virulent oncs, were most widelv distributed and 
races 4 to 6, the more viruleint ones, were least 
common. We evaluated a total of 1069 lines, mined in a set of 20 lines, including resistant,
including 943 kabuli types, 76 desi type~s, and 50 tolerant, and susceptible genotypes. A split-plot
newly bred FLIP lines, against the six different design was adopted with blight-protected and 
races in ie greenhouse. Twclve genotypes are blight-inoculated treatments as main plots and 
resistant to at least three races (Table 21). Three genotypes with threeas subplots replications.
lines, ILC 202, ILC 3856, and ILC 5928, had No disease was noticed in plots protected by
resistance to five races. These will be particularly chlorothalonil (Bravo 5000), whereas disease 
useful to breeding programs. developed in epiphytotic form in plots which 

were artificially inoculated with a mi, ture of
Combined resistance to ascochyta blight and races I to 4. 
cold. During 1985/86, 355 newly bred lines In anotherexperiment, yield loss due to blight 
were evaluated for resistance to ascochyta blight was estimated in a set of resistant or moderately
and cold. Ninety lines were found resistant to resistant lines. A susceptible control, 1LC 1929, 
ascochyta blight and 91 to cold 1-ut 10: FLIP was included for comparison. The design and 
83-7, 83-49, 84-109, 83-112, 85-47, 85.79, 85-83, treatments were the same as in the previous
85-86, 85-99, and 85-124 were resistant to both. experiment. The fungicide spray and blight
In most years only 'tolerance' to both stresses is inoculation were also similar, as were the results 
adequate. Lines found resistant to both stresses (Table 22) . Yield loss in the resistant kabuli 
will be used extensively in our hybridization types was virtually nil, whereas there was sone 
program as they also have large seeds and some yield loss in the resistant desi types. Resistance in 
mature early and are nedium-tall. the desi type is known to be weak at podding 

which results in yield loss. There was considera-
Estimation of yield loss due to ascochyta blight. ble yield reduction in moderately resistant types,
Yield losses due to ascochyta blight were deter- especially in desis, and heavy losses occurred in 
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Table 22. Estimation of yield loss due to ascochyta blight in resistant, moderately resistant, and 
susceptible chickpea lines, Tel Hadya, Syria, winter season 1985/86. 

-Average yield (t ha ) Increase/ 

Blight- Blight- decrease
Blight reaction Seed type No. of entries prutected inoculated (%) 
Resistant Kabuli 

Desi 

Moderately resistant Kabuli 
Susceptible Kabuli 

SE levels of protection 

CV (%) 

susceptible types. This year's results are in 
accordance with those obtained during 1982/83 
and 1983/84(ICRISAT Annual Report 1984, p. 
158-159). 

Control of ascochyta blight. Earlier studies 
have shown that chemical control of ascochyta 
blight in susceptible lines is uneconomical, but it 
could be useful in a tolerant line that is resistant 
at the vegetative stajle and susceptible at the 
podding stage. To investigate this further, two 
field trials were conductcd, or:C during the winter 
and the other (luring the spring using the blight-
tolerant cultivar ILC 482. The disease was 
created by spreading debris from diseased planis 
and spraying with spore suspensions of A. rabici 
One and two sprays of chlorothalonil ('3ravo 
500®) were given at different stages of crop 
growth. One spray at either the preflowering, 
flowering, or early podding stage was sufficient 
to eliminate pod infection in the spring-sown 
crop; this is highly desirable for the production 
of disease-free seed. Two sprays at the preflower-
ing and flowering stage, or flowering and early 
podding stage were required for the winter-sown 
crop. This year's findings are in close conformity 
with the earlier findings (ICRISAT Anvial 
Report 1984, pp. 159-160). 

Leaf miner (Liriomyza cicerina). Of 340 new 
germplasm lines screened, two were rated 4 on a 

I1 2.7 2.7 + 3.3 
6 2.4 2.8 +14.8 

2 2.6 1.9 -26.5
 
I 2.5 0.1 -97.0
 

±0.67 

16 

1-9 scale (1 = free, 9 = most of the leaf area 
affected), 10 rated 5and the remainder between 6 
and 9. Sixty-three lines found tolerant or resis
tant in previous seasons were sown during 
1985/86 for reconfirmation. During this season 
leaf miner damage was re!atively severe, but we 
found 22 resistant and 41 tolerant lines. 

Plant Improvement 

Winter sowing compared to spring sowing. 
Common trials were sown at three sites (Tel 
Hadya, Jindiress, and Terbol) in winter and 
spring seasons, for 3 years (1983/84, 1984/85, 
and 1985/86). The spring of 1983/84 was the 
driest and the 1984/85 winter was one of the 
coldest in the last 50 years. The winter-sown 
trials over the three seasons produced a mean 
yield of 2.0 t ha-' and the spring-sown trials 1.2 t 
ha-'. Thus the winter-sown trials yielded 57% 
more than the spring-sown trials. 

Yield trials for winter and spring sowing. A large 
number of lines which had been developed in the 
past year were evaluated for yield at 3 locations 
in two seasons (Table 23). Some lines exceeded 
the yield of the control cultivars significantly 
except at Terbol during winter sowing. There 
has been better progress for spring sowing as 
shown in this year's trials. Early-maturing lines 
seem to perform well during spring. 
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Table 23. Yield performance of newly developed chickpea lines sown in winter and spring at Tel 
Hadya and Jindiress, Syria, and Terbol, Lebanon, 1985/86. 

Entries significantly Range of 
Entries exceed- exceeding controls highest yields Range for 

Location Entries tested ing controls (P=0.05) (t ha-') CV (%) 

Winter sowing
 
Tel Hadya 
 306 120 2 1.3-2.7 10.5-40.3 
Jindiress 196 54 6 2.2-2.9 8.9-16.6 
Terbol 240 43 0 3.0-3.8 5.9-16.3 

Spring sowing
 
Tel Hadya 
 218 46 35 1.7-2.4 7.3-17.5 
Jindiress 152 93 5 1.0-2.2 3.7-21.3 
Terbol 174 75 13 1.6-2.0 12.0-19.7 

Large-seeded types. Twenty-two newly bred Cooperation with National Programs 
lines were evaluated for yield and other traits 
during 1985/86. Of these, only two lines pro- We have developed different types of nurseries 
duced as much as the medium-seeded control to meet specific demands of national programs. 
(30 g (100 seeds)-'), but their seed size was 45% During the 1986/87 season 497 sets of II differ
greater than that of the control. It is necessary to ent trials were supplied to 48 countries to streng
improve the lines for resistance to ascochyta then their breeding efforts. Demands have in
blight, earliness, and yield. Mary cooperators creased almost 15-fold in eight years. So far 10 
will accept thesL large-seeded lines even if they lines had been selected and released as cultivars 
yield as much or somewhat lower than the in four countries (Table 24). Of these, ILC 482 
medium-seeded genotypes because of strong 
consumer preferences and a higher selling price. 

Table 24. Lines selected from ICRISAT/ 
Tall types. The chickpea plant commonly has a ICARDA international chickpea nurseries and 
bushy growth habit. The tall types were first released as cultivars by national programs by 
grown as a commercial crop in the Central Asian October 1986. 
Region of the USSR. They were generally late in ICARDA Name of 
maturity and had pea-shaped, light cream to accession/ released Year of 
light pink seeds. The tall types are easy to Country line cultivar release
machine harvest. 

mahn avs.Syria ILC 482 Ghab I 1982-19S6During 1985/86, 44 newly bred tall types were ILC 3279 Ghab 2 1986 
evaluated for yield and other traits at Tel Hadya Cyprus YialousaILC 3279 1984 
and Terbol. The lines FLIP 84-22, 84-86, 85-16, Spain FardonILC 72 1985 
85-18, and 85-19 gave as much yield as that of ILC 200 Zegri 1985 
ILC 3279 the original germplasm collection but ILC 2548 Almena 1985 
with an improved seed size (36-44 g(100 seed)-' ILC 2555 Alcazaba 1985 
as compared to 28 g (100 seed)-' in ILC 3279). ILC 200 Atalaya 1985 
But their disease resistance was slightly lower Tunisia ILC 3279 1986 
and needs improvement. FLIP 83-46C J986 
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(Ghab 1), ILC 3279 (Ghab 2), and FLIP 83-46C 
were released during 1986. 

Syria. The on-farm chickpea trials were started 
jointly by the Agriculture Research Center 
(ARC), Ministry of Agriculture and Agrarian 
Reform, Syria, and ICARDA during 1979/ 80 to 
compare the performance of winter sowing with 
traditional spring sowing. The major achieve-
ment of collaborative effort has been the release 
of ILC 482 named Ghab I and ILC 3279 named 
Ghab 2 (Fig. 13). Winter-sown Ghab I produced 
100% more yield (1.6 t ha-') than Syrian landrace 
sown during the spring on an average of 114 tests 
between 1980 and 1986, and Ghab 2 produced 
60% more yield (1.4 t ha-'), than the Syrian 
landrace sown during the spring on anaverageof 
75 tests between 1982 and 1986. 

Other countries. On-farm trials have been 
adapted by several national programs, including 
those of Algeria, Egypt, Lebanon, Morocco, 
Oman, Tunisia, and Turkey where we provide 
seed and advice. The results are being used when 
they consider the release of the component culti
vars. We are continuing to screen gormplasm 
lines for cold tolerance in cooperation with the 
Turkish National Program. 

Cooperation with Pakistan 

ICRISAT has stationed one chickpea breeder/ 
pathologist as Resident Scientist at the National 
Agricultural Research Center (NARC) in Isla
inabad to work on the development uf high
yielding chickpea varieties with a high level of 

Figure 13. Right ILC 482 (Ghab 1), and left ILC 3279 (Ghab 2), these two chickpea cultivars have 
recently been released in Syria. Large-r;cale demonstration, Food Legume Improvement Program, 
ICARDA, Syria, May 1986. 

LCt .- .27 

OVI 
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resistance/tolerance to ascochyta blight. The ,ess, good plant type, and apparent high biolog
program has facilities for offseason nurseries in ical and/or seed yield. These plants were indi
the Kaghan Valley. vidually harvested and threshed. Further selec

tions based on seed infection due to blight, seed 
color, and texture were made in the laboratory. 

Segregating Populations 

Screening for resistance to blight. Following 
our major objective, we screened all available Agronomic trials 
segregating populations and some established 
lines, against this disease. The test materials Three agronomic experiments were conducted 
included varying numbers of F 2 through F6 pop- to study the genotype x environment interaction 
uiatic os, either developed locally, brought from on blight reactions, yield components, and yield
ICRiAT Center, ICARDA, the Nuclear Insti- of a number ofgenotypes. In one experiment, we 
tute of Agriculture and Biology (NIAB) in Fais- examined the effect of three levels of P20 5 (0, 20,
labad, Pakistan, and as single plant and 50 kg ha-')selections on time to 50% flowering, 100
from ICRISAT Hisar and HAU. seed mass, and seed yield. Four desi genotypes

Each of the test entries was sown in October in were used in the trial. lhosphorus increased the 
one or more 4-m rows at NARC at a spacing of time from sowing to flowering, 100-seed mass,
30 x 10 cm. A susceptible control (C 727) was and seed yield. All genotypes reacted similarly. 
sown after every fifth test entry. Diseased plant In another experiment we studied the effect of 
debris (collected from previous year's nurseries) plant geometry on time to 50% flowering, and 
were chopped and spread over the field during seed number and seed yield. The three spacings
January. Once in February and four times there- used (20 x20 cm, 30 x 10cm and 30 x 20cm) had 
after spore suspensions of Ascochyta rabiei significant influence on time to 50% flowering
(5 x 101 ml-' spores) were sprayed at different and ';eed yield but had little infiuence on seed 
time intervals during cloudy and rainy weather number. The genotypes reacted similarly to the 
to create a high inoculation concentration. Blight spacings used. 
reactions were recorded every 2 weeks until the In the third experiment the effect of the two 
control (C 727) had a rating of 9 on a 1-9 scale. sowing dates (10 October and 10 November) on 

Out of 1166 populations we selected 94 bulks blight reactions, seed yield, and main yield com
and 969 single plants, and and 52475 bulks ponents was examined on 50 genotypes. Despite
single plants from 233 F3 progenies. Most of the frequent spraying of Daconil® many genotypes
selections that had ratings of 3 (resistant) were were badly affected by blight. Delayed sowing
the progenies of six crosses: PK 51832 x CM 72, had an adverse effect yield per plant but it 
PK 51832 x ILC 195, PK 51835 x CM 72, PK increased the harvest index in most varieties. 
51863 x NEC 138-2,1PK 51825 x CM 72, and CM 
72 - ILC 195. 

Screening for agronomic characteristics. Four Workshops, Conferences, 
nurseries with 46 segregating populations (F2- and Seminars 
F5) were established at NARC to select for good 
agronomic characteristics. Despite repeated Chickpea Scientists' Meet 
spraying of Daconil® (0.2%), many of the entries 
were killed by ascochyta blight or had disease The 1986 Chickpea Scientists' Meet, the first one 
ratings (susceptible). Among the survivors with outside India, was held from 5-8 April 1986 at 
ratings of 1-5, about 500 single plants were NARC in Islamabad, Pakistan. There were 32 
selected for various characteristics such as earli- participants from different countries: India, 
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Nepal, Pakistan, Syria, UK, and USA. The 
theme of the meet was 'Genetic improvement of 
chickpeas for the control of ascochyta blight', 
The devastation caused by ascochyta blight from 
1980 to 1983 and the success of identifying and 
using resistant germplasm was emphasized, 

Field visits were made, to enable participants 
to see chickpea experiments and breeding mate-
rial at NARC, Islamabad, at the Barani (Dry-
land) Agricultural Research Institute at Chak-
wal, the Ayub Agricultural Research Institute at 
Faislabad. and the Nuclear Institute of Agricul-

Trc and Biology, also at Faislabad. 

Looking Ahead 

Studies to pinpoint the major factors determin-
ing environmental adaptation in chickpea \%,ill 

Continue. Of"prime iinportance is the reaction of 
chickpea to limited aniounts of available soil 
moisture: so tile search for niore drought-resistant 
genotypes will proceed. We also hope to confirm 
our preliminary findings of genotypes able to set 
flowrs and pods during the cold winter periods 
of tie northern Indian en itroninent. This will 
facilitate escape of licat dainlage during natura-
tion in late spring. We hope to documnent onr 
findings to date on ideal plant types for specific 
environments, particularly in relation to exces-
sive vegetative growth in the northern Indian 
environment. 

We continue to explore ways of maxiizing 
symbiotic nitrogen fixation in chickpea. We will 
be screening a range of genotypcs for symbiotic 
efficiency in a low-nitrogen soil. Studies on tie 
interactions between mineral nutrition of chick-
pea and soil moisture availability will continne, 
primarily under tle Government of.lapan Spe-
cial Project. 

We intend to devote more time to botrytis 
gray mold of chickpea that has become a serious 
problem in northern India, Bangladesh, Nepal, 
and Pakistan. Laboratory inoculation techniques 
will be standardized. Better sources of resistance 
will be sought and studies on epidemiology will 

be initiated. Work on ascochyta blight resistance 
at ICRISAT Center will be strengthened by 
developing facilities under controlled conditions, 
and our studies on the epidemiology of this dis
case will continue. Work on identification of 
broadbased resistance and multiple disease resis
tance to such other major diseases as wilt, dry 
root rot, and stunt will receive continued 
attention. 

We expect to clarify our understanding of the 
population dynamics ( f Helothis arnmigera, by 
analyses of the data from the pheromone trap 
network and from radar and other studies, in 
cooperation with TDR1. We hope to complete 
our research on the economic thresholds for
insecticide use on this crop. 

We intend to mak, increased use of our newly 
developed field cages to screen genotypes for 
resistance to Heliothis, in more than one crop
generation each year. The efforts to combine 
resistance to this insect and to wilt disease in a 
high-yielding background will be further intensi
fled. Our studies oi the mechanisms of resis
tance to Ileliothis will also receive increased 
attention. 

The quality of food products prepared from 
ICR ISAT mandate crops has been receiving 
increasing attention in recent years. In addition 
to evaliating the cooking quality of whole seed, 
our efforts will concentrate oil food products 
such is pakoda arid parched chickpeas, and oil 
the use of chickpea as a composite flour in mak
ing roti.The nutritional quality of germinated 
aind fermented products of chickpea will also be 
studied. 

The genetic improvement of chickpeas to 
achieve yield stability will iacreasingly be an 
integrated team effort. In addition, collabora
tion with national programs in multilocational 
breedinig projects will add stability by adapta
tion ito different environments. Adaptation 
breeding for particular situations such as early 
sowing in locations of lower latitudes, late sow
ing in areas of higher latitudes, and high input 
cropping where more advanced farming is feasi
ble, will continue to receive due attention. Stud
ies to support chickpea breeding will deal with 
the inheritance of disease resistance, seed size, 
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time to flowering and other characters of inter-	 Onkar Singh, Singh, K.B., Sethi, S.C., Jain, K.C., 
est. More attention will be given to tissue culture Gowda, C.L.L., Jagdish Kumar, and Smithson, J.B. 
techniques for rapid clonal propagation and for 1986. Registration of ICCV I chickpea. Crop Science 
rescue of embryos from interspecific crosses. 26(5):1081-1082. (JA 501) 
Also mutation breeding will have its place Smithson, J.B., Thompson, J.A., and Summerfield, 
among the different chickpea improvement R.J. 1985. Chickpea (Cicerarietinum L.). Pages 312
programs. 390 in Grain legume crops (Summerfield, R.J., and 

Our cooperative activities with ICARDA will Roberts, E.H., eds.). London, UK: Collins. 
continue to aim at the development of stable, 
high-yielding material for spring and winter sow
ing in West Asia, the Mediterranean area and Conference Papers 
regions of similar crop adaptation. 

In Pakistan our main goal will be to support Gowda, C.L.L. 1986. The potential of chickpea after 
the national breeding program especially in its rice. In Papers presented at ACIAR Workshop "Food 
efforts to produce ascochyta blignt resistant Legume Improvement for Asian Farming Systems,"

1-5 Sep 1986, Khon Kaen, Thailand. Canberra, Ausial. In 	 tralia: Australian Centre for International Agricultur
wilt and root rots is required, we will attempt to A Research. (CP 270)
 
share useful material, and interact regularly with
 
our cooperators. Pawar, C.S., Srivastava, C.P., and Reed, W. 1986.
 

Some aspects of population dynamics of Heliothis 
armigera at ICRISAT Center. Pages 79-85 in pro
ceedings, Oriental Entomology Symposium, 21-24 
Feb 1984, Trivandrum, Kerala. Trivandrum, Kerala: 
Association for Advancement of Entomology, Uni
versity o!' Kerala. (CP 177)

Publications Reddy, D.V.R., Nene. V.L., and McDonald, D. 1986. 
Virus disease problems of groundnut, chickpea, and 
piconr.ea in Asia. Pages 67-75 in Virus diseases of

Institute Publications ice and leguminous crops in the tropics: proceedings 
of an International Symposium, 1-5 Oct 1985, Tsuk-

Newsletters uba, Japan. Tropical Agricultural Research Series 
No. 19. Tsukuba, Ibaraki, Japan: Tropical Agricul

ICRISAT(International Crops Research Institute for ture Research Center, Ministry of Agriculture, For
the Semi-Arid Tropics). 1986. International Chickpea estry and Fisheries. (CP 237) 
Newsletter nos. 14 and 15. Patancheru, A.P. 502 324, Rupela, 0.1. 1986. RhIizobiwn inoculant production
India: ICRISAT. ISSN 0257-2508. system for developing countries. Pages 219-222 in 

Current status of biological nitrogen fixation 
research: proceedings of the National Symposium, 6-8 

Journal Articles Feb 1986, Hisar, Haryana, India (Singh, R., Naina
watee, H.S., and Sawhney, S.K., eds.). Hisar, 

Chalam, T.V., Reddy, M.V., Subbayya, J., Nene, 	 Haryana, India: Haryana Agricultural University. 
(Cl 240)Y.L., and Beniwal, S.P.S. 1985. Narrow leaf disease of 

chickpea (Cicer arietinum .. ) caused by bean yellow 
mosaic virus. Indian Phytopathology 38(4):708-713. Thesis 
(JA 418) 

Chalam, T.V., Reddy, M.V., Nene, Y.I.., Beniwal, 	 Desai, S. 1986. Studies on identification of physio-
S.P.S., and Subbayya, J. 1986. Some properties of a logic races of chickpea wilt-Fusarium. Ph.D. thesis, 
strain of cucumber mo tic virus isolated from chick- Andhra Pradesh Agricultural University, Hyderabad, 
pea in India. Plant Disease 70(2):128-130. (.iA 417) Andhra Pradesh, India. 115 pp. 
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PIGEONPEA
 

Pigeonpea, Cajanuscajan,is extremely versatile, 
both in its uses and in the range of environments 
across which it can be usefully grown. Although 
more than 80% of the world's recorded produc-
tion and consumption is in India, it is also an 
important crop in several countries in Africa, in 
Burma, and in the Caribbean region. In many 
more countries it is popular as a backyard hedge, 
from which pods are harvested for family use. 

In India, and other countries to which people 
of Indian origin have migrated, the pods are 
harvested when mature and the dried seeds are 
processed into dhal (decorticated, split seed), 
that is used in a wide range of food preparations. 
In the Caribbean islands and in many other 
countries, most of the pods are harvested while 
still green and the seed, or sometimes the whole 
pods, are used as green vegetables. The green 
plants are used for grazing or harvested as 
fodder. The woody stems are used for a vairiety 
of purposes, e.g., in basket making, thatching, 
and construction, but ire of increasing impor-
tance and value as fuel. Pigeonpea is known to 
improve soil structure and fertility, giving sub-
stantial benefit to subsequent crops. 

Pigeonpea is a perennial shrub, and is grown 
as such in several countries in Africa and the 
Caribbean. However, it is most commonly used 
as an annual intercrop with shorter-duration 
crops, especially cereals. A very wide range of 
plant types and durations are grown, most as 
unimproved landraces. Our research at ICRI-
SAT Center and elsewhere has shown that 
improved short-duration genotypes that mature 
in as little as 100 days can be very high-yielding 
when grown as close-spaced, sole crops. Such 
crops appear to have great potential in a wide 
range of cropping systems. Our research is now 
particularly focussed on the improvement of 
short-duration types. 

Our research activities are concentrated at 
three locations in India: ICRISAT Center(18'N, 
780E, 760 mm annual rainfall); Hisar (29'N,
750E, 450 mm rainfall) in cooperation with 

Haryana Agricultural University (HAU); and 
Gwalior (260 N, 78 ° E, 840 mm rainfall) in coop
eration with Jawaharlal Nehru Krishi Vishwa 
Vidyalaya (.INKVV), College of Agriculture. 

At ICRISAT Center most of our field trials 
are with the short-duration types intended for 
sole cropping, and medium-duration types that 
are commonly used as intercrops with cereals. At 
Hisar we concentrate on short-duration types 
that can be sown in the rainy season and har
vested in time to allow timely sowing of winter 
crops, particularly wheat. At Gwalior we work 
on the long-duration types that are extensively 
used as intercrops in northern India and in sev
eral other countries, particularly those in Africa. 

Physical Stresses 

We ire attempting to quantify factors of the 
physical environment that limit growth and yield 
of pigeonpea and are seeking the alleviation of 
these constraints through both management and 
genetic improvement. We are particularly con
cerned with drought stress. We are continuing to 
screen medium-duration genotypes for tolerance 
to termiinal drought stress, and have initiated 
drought-screeningstudies on short-duration geno
types. We are conducting a series of multiloca
tional growth analyses to help us understand 
how best to improve adaptation to particular 
environments and enhance pigeonpea produc
tion in various cropping systems. We are contin
uing work on appropriate plant types for inter
cropping and on fitting short-duration genotypes 
into rotations with wheat in northern India. We 
are beginning collaborative studies on accom
modating pigeonpea in rice-based cropping sys
tems. Studies on screening genotypes for toler
ance to salinity and waterlogging are continuing 
but in this case, we are giving much attention to 
assessing the exploitable genetic variation in 
response to these stresses. 
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Screening Medium-duration Pigeonpea 	 this terminal drought stress. In 1985/86 we eval
for Terminal Drought Tolerance 	 uated 100 genotypes, originating from regions

with different rainfall, by imposing irrigation
Medium-duration pigeonpea, when grown as a treamments after the end of the rainy season. The 
rainfed crop in southern and central India, nor- experiment was conducted on an Alfisol in a 
mally faces increasing moisture shortage during split-plot design, with three replications, with
the reproductive growth phase. We are attempt-	 irrigation treatments in main plots and geno
ing to identify genotypes better able to tolerate 	 types in su:bplots. 

Drought D' Nonirrigated 
toleraniceM 

Genotype index LJ Irrigated 

ICP 9025 (2.08) 	 SE 

MIRG 66 (1.96) 

ICP 361 (1.93) 

IC1P 8754 (1.00) xx, N XN \ \ \ \ \ 

ICP 9034 (1.40) 

ICPI. 8340 (1.45) 

ICP 3233 (1.86) 

PBNA 53 (2.22) 

ICP 4865 (2.72) 

II I I I I 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Seed yield (t ha -I) 
Figure 1. Seed yield (t ha -') with and without irrigation, and drought tolerance indices of several 
medium-duration pigeonpea genotypes grown on an Alfisol, ICRISAT Center, postrainy season, 
1985/86. 
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Mean seed yield with irrigation was 1.89 t ha-' tolerant cultivars such as BDN I and Hy 3C. We 
as compared to 1.27 t ha -' without. There were confirmed the internal seedborne nature of this 
large genotypic differences in response to irriga- pathogen by repeated laboratory studies and 
tion as illustrated by examples in Figure 1.Some 'growing on' tests. 
genotypes could yield up to 2.10 t ha-' without Seed treatment with afungicide mixtureeffec
irrigation. Part of the variation in yield in the tively controlled seedborne F udum. We found 
stressed treatment could be attributed to drought that wet seed treatment with a mixture of 
escape as days to 50% flowering had a significant benomyl and thiram at equivalent rates com
negative correlation (r = -0.46) with stress yield. pletely eradicated the fungus, as shown by test-
Stress yield was positively correlated (r = 0.46) ing the seed in Nash and Spyder's fusarium
with irrigated yield. Together these factors specific medium, and a 'growing on' test in the 
accounted for 42% of the variation in yield under greenhouse. 
stress. The remaining 58% of variation could 
thus be attributed to experimental error and Soil solarization. Last year we reported the 
drought tolerance. dramatic effects of soil solarization, covering the 

To estimate the relative drought tolerance ol a soil with transparent polythene to increase tem
genotype, we adopted a similar approach to that peratures in the tipper soil layer, on reducing 
used for pearl millet (ICR.ISAT Annual Report fusarium wilt in a susceptible pigeonpea geno
1982, p. 66). This eliminates the effects of escape type (LRG 30) and even enhancing growth and 
and yield potential from the performance of yield in a wilt-resistant genotype ICPV I (ICP 
genotypes under stress. The drought tolerance 8863) (ICRISAT Annual Report 1985, pp. 183
index (standardized residual) was calculated 184). In 1985/86 we repeated the experiment on 
from the difference between measured and pre- an adjacent wilt sick area and obtained essen
dicted yield divided by the standard error of the tially similar results. 
predicted yield. Indices ranged between -2.54 We rcimposed solarization treatments on the 
(susceptible) and 2.73 (tolerant). We classify 1984/ 85experimental plots to measure the residual 
genotypes having an index -_1.0 as drought- and cumulative effects of solarization. Only for 
tolerant and 13 genotypes fell into this category. ICPV I (ICP 8863) (Fig. 2) was there a slight 
There were 14 susceptible genotypes (index residual effect of the 1984 solarization. There 
< 1.0). We arc repeating this screening proce- was no cumulative effect of solarization for this 
dure in the current season to reconfirm the reac- cultivar, since solarization only in the current 
tion of some of these genotypes and to test a new year was as effective as solarization in both 
set. years. However, for LRG 30, a single solariza

tion treatment in the current year was superior; 
the reason for this is not clear. There were noBiotic Stresses significant effects of these treatments on rhizob
ial populations in this experiment, with most 

Diseases probable number (M IPN) estimations for the dif
ferent treatments being in the range 3.6-4.9 log,, 

Fusarium Wilt (Fusarium udum) g-' dry soil. Consequently there were no effects 
ofsolarization on nodulation parameters but we 

Eradication of Fusariumudum from pigeonpea found that ICPV I (ICP 8863) nodulated better 
seed. The pigeonpea wilt pathogen (F udum) than LRG 30. 
was found to be internally seedborne (ICRISAT We are continuing these studies in the current 
Annual Report, 1984, p. 169). Although the fuln- season to further examine residual effects, and to 
gus could not be detected from seeds of such determinc solarizationeffectson pigeonpeagrowth 
highly susceptible genotypes as ICP 2376 and and yield at different locations, including Hisar 
LRG 30, it was detected in the seeds of wilt- and Gwalior. 
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- TDM SE± 0.26 * Seed SE± 0.06 

4-
LRG 30 ICPV I 

3and 
>, 

XA,. 

1984 + + + 
1985 + + 

Solarization 
Figure 2. Residuai and cumulative effect of soil 
solarization in the 1984 aul 1985 dry seasors 
(+= solarized, - = nonsGiarized) on seed and total 
dry matter (TDM) yield (t ha-') of wilt-a 
susceptible (LRG 30) and a wilt-resistant (ICPV 
1) pigeonpea genotype on a wilt sick Vertisol, 
ICRISAT Center, postrainy season 1985/86. 

Our studies of the microflora in soil sampled 
from the solarized and nonsolarized plots showed 
a general reduction in the fungal population of 
the former. However, one species, identified by 
the Commonwealth Mycological Institute (CM I), 
Kew, UK as Penicillium Pinophilum was rela-
tively abundant in the solarized soil and was 
found to be antagonistic to F. uduni in the 
laboratory. In pot tests in the greenhouse, the 
addition of P. pinophilunito F udan-inoculated 
soil allowed over 90% of wilt-susceptible seed-
lings (LRG 30) to grow without wilt symptoms, 
while only 21% of the seedlings survived in pots 
to which the antagonistic fungus had not been 
added. 

Wilt and pod borer screening nursery. Fusa-
rium wilt and pod borer (Heliothisaruigera)are 

two of the major biotic constraints to pigeonpea
production in the Indian subcontinent and Africa. 
Control of these pests through the use of resis
tant varieties would greatly increase and stabil
ize pigeonpea production. Our work on host
plant resistance has resulted in the identification 
of good sources of individual tolerance to wilt 

pod borer. However, we found that many
lines tolerant to Heliothis were highly suscepti
ble to wilt. In order to initiate a breeding pro
gram to produce pigeonpea genotypes with 
cmbi~ned tolerance to wilt and pod borer, Ae 
have developed a screening nursery at ICRISAT
Center. 

A I-ha Vertisol field adjacent to the pesticide
free area at ICRISAT Center was selected for 
this purpose. In the first fortnight of June 1985, 
just before sowing, about 1.5 t of chopped wilt
infected pigeonpea material collected from otherICRISAT fields in the previous season was dis
tributed in this field. Every fifth row of the plot 

was sown with a highly susceptible cultivar 
(LRG 30). In order to promote a high incidence 
of wilt, early sowing, and good weed control 
(through preeraergence application of herbicides 
and hand weeding) were undertaken. At the end 
of the season (March 1986), the susceptible con
trol showed very high and uniform wilt incidence 
(98%). 

During the i985/86 season, three wilt- and 
Heliothis-tolerantgermplasm accessions, 15 F2, 
and 3 F3 bulks involving wilt- and Heliothis
tolerant parents were screened. Though the 
screening for wilt resistance was effective, ade
quate screening for Heliothisresistance was not 
possible, because of the low natural incidence of 
the insect. The three germplasm accessions, ICP 
4769, ICP 6831, and ICP 7198 showed less than 
10% wilt. The wilt incidence in the F2 and F3 
bulks ranged from 12 to 98%. The wilt-resistant 
plants have been advanced by the single-pod 
descent method, and will be tested in a similar 
nursery in the coming season. 

Sterility Mosaic 

Nature of the causal agent. In continued at
tempts to determine the causal agent of sterility 
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mosaic, we extracted flexuous rod-shaped, virus- pea genotypes that are susceptible or resistant
like particles (VLP) from infected leaves col- to sterility mosaic disease across different loca
lected from Pudukkottai in Tamil Nadu. These tions in India. We postulated that such differen
were similar to the VLP from ICRISAT Center ces may be the result of variability in either the 
that we reported earlier (ICRISAT Annual pathogen or the vector, an eriophyid mite 
Report 1985, pp. 184-185). However, both the (Aceria cajant). In this year we initiated studies
VLPs, from Pudukkottai and from ICRISAT on the morphology and biology of the mites,
Center did not appear to contain nucleic acid as usipg a scanning electron microscope installed at
they failed to show maximum absorption at 260 nm. ICRISAT Center. The morphological character

istics of A. cajaniadults, nymphs, and spermat-
Morphology of Aceria cajani. We have pre- ophores collected from pigeonpea at ICRISAT 
viously found differences in the range of pigeon- Center can be seen in Figure 3. We intend to 

Figure 3. Scanning electron micrographs of the eriophyid mite, Aceria cajani,the vector ef sterility
mosaic disease; a. dorsal view of the nymph among the simple leaf hairs and next to a spherical oil-filled 
gland on a pigeonpea leaf, b. dorsal view of an adult, c. ventro-lateral view of female adult, showing the
genital coverflap distinguished by longitudinal striatiors, and d. spermatophore adhering to a simple
pigeonpea leaf hair, ICRISAT Center, 1986. 

4Mw 
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compare these with the morphological charac-
teristics of mites collected from locations where 
the range of pigeonpeas that are susceptible or 
resistant to sterility mosaic differs from that at 
ICRISAT Center. 

Yellow Mosaic 

Experimental host range. The yellow mosaic 
disease of pigeonpea is particularly common on 
postrainy-season crops in many areas of India. 
This disease is widely assumed to be caused by 
the mung bean yellow mosaic virus, a gemini 
virus carried by white fly (lemisia tabac). In this 
year, vsing adult white flies as vectors, we suc-
ceeded in transmitting the pathogen from yellow 
mosaic infected pigeonpea to other pigeonpea 
plants (ICP I) and to rnung bean ( Vigna radi-
ata), limia bean (Phaseolus hinatus). and horse 
grain ( Macrot'lorna uniflorun). However, the 
rate of transmission of the pathogen to pigeon-
pea was poor, for only 30% of the pigeonpea 
plants expressed symptoms when 30 to 50 white 
flies, bred on infected plants, were released on 
each plant. 

Phytophthora Blight (Phytophthoradrechsleri 
f. sp cajara) 

New sources of resistance. We have previously 
reported many sources of resistance to the P2 
isolate of P. drechslerif.spcajani. However, we 
have so far failed to identify sources of resistance 
to the P3 isolate ofthis fungus. During the last 5 
years, 5989 pigeonpea germplasm accessions 
and a large number of breeding materials were 
pot-screened against the P3 isolate in the green-
house by the soil drench method of inoculation. 
No line was found uniformly resistant and most 
showed more than 50"%o diseased plants. In an 
attempt to develop sources of resistance to this 
isolate, we rcinocuiatt d the surviving plants of 
the most-promising lines, using the stem inocu-
lation method, and collected selfed seed from the 
surviving plants. This screening/ reinoculation 
cycle was then repeated. Twenty-four selections 
from such screening have so far been developed 

and the seed is being multiplied in the field. The 
blight resistance of these selections will be tested 
through both field and pot screenings during 
1987. 

Two wild relatives of pigeonpea, Atylosia 
goensis (accession JM 3501) and A. platycarpa 
(accession PR 4557) were found to have a higher
degree of resistance to the P3 isolate than the 
best of our resistant pigeonpea selections, and 
showed less than 20% blight. At some stage we 
may be able to utilize these sources of resistance, 
if it becomes possible to make crosses between 
these wild species and cultivated pigeonpea. 

Breeding for Disease Resistance 

We started a backcross program to develop 
high-yielding and disease-resistant lines using 
adapted genotypes as recurrent parents. Culti
vars C I I and BDN 1,that are highly susceptible 
to sterility mosaic (SM), were crossed with an 
SM-resistant line from ICPX 73054. AfterF 6 

three backerosses with recurrent parent BDN I 
and two backcrosses with C I1,we screened the 
F2 and later generations in the SM nursery. In 
the 1985 rainy season, we screened 122 progenies 
of BDN I BC3F 4 and 16 progenies ofC II BC 2F4. 
Nineteen progenies from the BDN 1backcross 
were free from SM and we selected 49 plants 
from these for further screening. From the C II 
backcross, we selected nine plants from four 
SM-resistant progenies. 

Cultivar LRG 30 has many desirable charac
teristics but is highly susceptible to wilt. To 
incorporate wilt resistance LR.G 30 was crossed 
with 15-3-3 as a donor parent in 1978. '1he first 
backcross was made in 1982, and the BC1F 2 and 
13C F3 were screened in a wilt nursery. This year 
17 BC, F4 progenies were grown in wilt sick nur
series. Only three progenies showed resistance, 
these had a wilt incidence of 6-14%. We will 
retest the wilt resistance of these progenies and 
evaluate them for grain yield. 

In 1984 we irradiated dry seed of LRG 30 with 
gamma-rays (5-40 kR) in the hope of producing 
wilt-resistant mutants. I: the 1985 rainy season, 
the M, generation was grown in a wilt sick 

http:drechslerif.sp
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nursery, and 156 resistan plants were identified Insect Pests 
and selfed for evaluation in the M3 generation. 
We also screened several populations, single- Pest Incidence 

plant progenies, and advanced lines derived 
from crosses between disease-resistant and high- The pod borer (Heliothis armigera), the major 
yielding parents, in wilt, SM, and SM and wilt pest ofpigeonpea, was much less abundant in the 
illrseries. Advanced lines from these crosses I185/86 season than in previous years at ICRI
have shown stability for yield and disease resis- SAT Center. The borer populations increased as 
tance over the last three year! (Table 1). Four of usual in August/September and the short-duration 
these lines combine wilt and iM resistance. The pigeonpea that flowered then was severely dam
yield potertial of the three wilt-resistant lines aged. But from then onwards, the populations 
(ICPL 8356, 8357, and 8358) compared favora- which we monitor by counts on the crops and in 
bly with that of control cultivar C 1I.An SM- pheromone and light traps, were much lower 
resistant line, ICPL 343, produced 2.19 t ha-1 than expected. In most years Heliothispopula
compared with 2.18 tha-1 from the control cuI- tions on our farm reach a peak in November/ 
tivar. Two of' these advanced lines, ICPI, 227 December but our moth catches over that period 
(wilt- and SNI-resistant), and ICPL 8357 (wilt- in 1985 werc the lowest in our 10 years' records 
resistant), will be cvaluated in multilocational and our medium-duration pigeonpea suffered 
trials, much less damage than usual. 

Table I. ,Meanperformance of wilt- and sterility mosaic-resistant lines in the Medium-duration 
Pigeonpea Sterility Mosaic Wilt Resistant Yield Trial (MPSMWRY) grown in a disease-free field, 
ICRISAT Center, rainy seasons 1983-1985. 

In disease nurseryTime to 50C(', Te to 
flowering maturity 100-seed Grain yield Wilt Sterility,

Entry (days) (days) mass (g) (t ha-') ((;c) mosaic (%) 

Wilt-resistant 
ICPL 8357 118 177 9.9 2.25 9 100 
ICPI. 8358 118 176 9.0 2.18 7 100 
ICPL 8356 111 169 9.7 2.13 8 92 

Sterility mosaic (SM)-resistant 
ICPI 343 107 165 9.8 2.19 100 0 

Wilt- and SM-resistant 
ICPL 227 122 181 11.0 1.93 9 2
 
ICIPV I(ICPL 8363) 129 186 8.5 1.89 8 0
 
ICPL 8362 128 189 8.4 1.85 8 0
 
ICPL 335 121 181 9.2 1.75 8 
 0
 

Control 
C I1 114 174 10.3 2.18 75 100
 

SE ±0.3 ±0.6 ±0.2 ±0.13
 

Trial mean 116 175 10.0 
 1.98
 
(20-23 entries)
 

CV (%)(range) 0.4-0.6 0.5-1.0 3.5-5.6 9.4-18.6
 

1.SNI data from 1984 and 1985 seasons.
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Figure 4. Scanning electron micrograph of the 
egg of the blue butterfly,Lampidesboeticus,laid 
on a pigeonpea leaf, ICRISAT Center, 1986. 

Of the other lepidopteran pests, the leaf 
webber (CVdia critica) was more common than 
usual at ICRISAT Center but relatively rare at 
His- - in northern India. There, almost all of the 
flower and pod webbing that occurred was 
caused by Alaruica testualis.This pest was also 
seen to be very common oi experimental crops 
of pigeonpea in Thailand. As in previous years at 
ICRISAT Center we found many eggs but few 
larvae of the blue butterfly ( Lampics hotictus) 
on pigeonpea (Fig. 4). 

The podfly (hlela m'r ri za obtusa), the sec-
ond most damaging pest of pigeonpea through-
out India, built up to large, damaging popula-
tions in our long-duration genotypes, particularly 
at Gwalior. The hynierlopteran pest ( l;'naos-
tigmodes ca/';f) was again I a major pest on our 
research farm but rare in farmers' fields. The 
tintistially dr, rainy season provided idal conidi-
tions for the sucking pests. A'Thiscraccivorawas 
very common on the seedlings and several spc-
ties of pod-sucking bugs, particularly OTavi-
grallagibbosa, caiUsed substantial crop damage 
from September onwards. The blister beetle 
(Mylabris/lstulata)was very common at ICR I-
SAT Center from August through November 

we received reports from several areas of 
India that this pest destroyed many of the flow
ers of pigeonpea and other legumes. The bruchids (Callosobruchrsspp) were commonly 
found in pods, particularly where harvesting was 
delayed and were, as usual, the main pests in 
stored pigeonpea. 

The jewel beetle (Sphenopteri indic), whose 
larva tunnels below the bark at the base of 
pigeonpea stems and promotes a prominent gall, 
was evident in several fields. An unusually heavyinfestation of the red spider mite (Schizotetrany

c1 us c Ydnfi) developed in aifield where we had 
applied soil insecticides in an attempt to control 
the nodule-damaging fly (Rivellia angulata). 
This outbreak may have been a result ofnatural 
enemy destruction and served as yet another 
Warning that insecticide use may promote unus
nal pest attacks. 

iteliotlisariigera 

Populations and migration. Since it is com
inonly found that the populations of several 
lepid opteran pests are enhanced by high humid
ty and rainfall, and overcast conditions, it is 

tempting to attribute this year's low populations 
of Heliothis at ICRISAT ('enter to the unusu

ally dry rainy season. However, studies of the 
teh'othispopulations over the last 9 years reveal 
no obvious correlation with the rainfall in each 
y* .r, tire highest populations ever recorded 
being in 1977, when the annual rainfall was also 
unusually low! 

We are anxious to understand the factors that 
promote damaging Heliothis populations and 
are cooperating witi scieri ists from the Tropical 
[)evelopment and Research Institute (Tr)RI), 
UK in studies of populations and their move
ments. Similar studies are aiso being conducted 
by I')R I scientists in eastern Africa. 

Wc monitor populations by counting eggs and 
larvae on the many Icst plants of this insect and 
by recording catches of moths in pheromone and 
light traps. The network ofpheronione traps that 
was described earijer (ICR ISAT Annual Report 
1985, p. 191) continued to operate, and we 
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received data from 98 traps operated by cooper- responsible for the greatest number of damaging 
ators in India, Pakistan, and Sri Lanka. We now larvae, was very low in this year. This may have 
have data for more than 4 years from many loca- been because only a small proportion of the 
tions which we are analyzing in relation to cli- females had mated. Moth emergence peaked at 
matic and crop factors. the end of December, but even at the peak the 

We have light-trap data from far fewer loca- nightly emergence was estimated to be only 3500 
tions, for light traps are much more difficult to moths from the \'hole field. The radar was oper
operate, and good, i'eliable sources of electricity ated from late November to mid-December but 
are seldom available in the fields of most research the numbers of moths emerging from the field 
stations. However, TDRI has developed a battery- were insufficient to give rise to a definite, detec
operated light trap that has proved to be very table plume of departing moths. The overall 
useful for monitoring insects in individual fields, second generation moth emergence was calcu
since its attractive range is niuch smaller than the lated to approximate to 10% of the eggs that had 
larger mains-dependent, Robinson-type traps been laid. 
used as general monitoring tools at ICRISA[ The pheromone trap catches corresponded 
over several years. Instructions for the construe- only approximately with those of tile light and 
tion of the battery-operate6 traps, and for a emergence traps and, in contrast to the light 
modification that separates catches from differ- traps, catches of moths at first flowering were 
ing periods of the night, can be obtained from very much lower than at other times. This sug-
ICRISAT Legumes Program Office. gests that the pheromone traps were less efficient 

We monitored tile moth populhtions in a6-ha inmionitoring the important invading popula
field of mediuni-duratio n p igeoipca using tion than tic subsequent gcncration that energed
battery-operated light traps, placed 5 in into the in the crop. This niay have been a result of a 
crop on each side of the f;-ld, and two phero- higher proportion of competing females in tie 
iiioneic traps nearer tile center of tile field. We invading population, even t hough most had 
counted the number of eggs and larvae oil sam- already mated. 
pies fron sections ofthe field at weekly intervals. The numbers of moths in tie emergence cages
We estimated adult eiergerice by recording peaked a week later than those in the light traps, 
moths that emerged in 15 cages of 9 × 9 In that and about 2 weeks later than those inthe phero
were placed over the crop after the second period mnone traps. This may have been because a high
of egg laying in mid-Novenber. Radar, operated proportion of the moths captured originated
by a team of TI)RI scientists, was used to scan from outside the field, or because competing 
over the crop in an attempt to monitor the extent feniales reduced the earlier pheromone catches. 
and direction of flight of potentially tiligrant lruergcnce inthe cages continued for longer 
moths leaving this field. than expected indicating prolonged pupal devel-

The first invasion, which took place inearly oprient periods insome individuals. 
October lefore the flower buds started to show 
their petal color, was mainly of male moths. The F~light studies. Our studies of tile moven:nt 
numrbers of feiiale moths peaked in tile following and migration of tleliothis moths require a 
week, but numbers dropped sharply before 50% knowledge of the flight potential of the moths 
flowering. This indicated that the crop was that originate from various host plants. We 
attractive before flowering began, and that tile examined the flight potential of I-day-old moths 
female moths had fed elsewhere before egg lay- at ICR ISAT Center using flight mills developed 
Ing. Few larvae resulted from this oviposition, at TI) RI. A flight mill (Fig. 5) consists of a light,
possibly because it was too early, relative to the balanced rotating arm, to the end of which a 
flowering period, to ensure adequate survival of moth is attached by means of a fine N,.:-e glued to 
the young larvae. Oviposition in the second the thorax. Flight performance was measured as 
generation in November, which inmost years is the distance flown (number of rotations re
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Figure 5. A flight mill that is used by TDRI scientists in laboratory studies on the flight of teliothis 
armigera moths, ICRISAT (enter, 1986. 
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field and laboratory tests. Such nets are expected greater compensation for flower and pod dam
to facilitate our resistance screening. Previously age than others (ICRISAT Annual Report 1983,
 
we had tested a variety of cages and nets that p. 164).
 
gave unsatisfactory results because most of the This year we conducted several laboratory
 
eggs werc laid oil the cages themselves, tests in which we studied the development of 

We continued to screen short-duration geno- larvae, fed on various plant parts taken from 
types for pod borer resistance at both ICRISAT field-grown resistant and susceptible genotypes. 
Center and Hisar. Evidence that there are geno- The major difficulty with such tests is that mor
typic differences in susceptibility to borers has tality caused by virus and other diseases tends to 
been obtained from a series of trials conducted ruin most of the experiments. An example of the 
from 1983 to 1985, that are summarized in Table results from oie test is shown in Table 3. In this 
2. Single-plant selections have been made and test larvae were fed on artificial diets containing 
used as parents in crosses, with the objective of powder frorn ground seeds of resistant and sus
obtaining genotypes with enhanced resistance ceptible pigeonpea genotypes, and compared 
and other desirable traits, such as acceptable with those fed on our standard diet, that con
seed size. tains powder of kabuli chickpet seed. It was 

evident that inclusion of the seed coat, particu-
Mechanismsof resistance. We have conducted larly that from brown-colored seeds, had an 
field and laboratory studies over several years to antibiotic effect on the larvae. Most larvae that 
determine the mechanisms of resistance in our were fed on the diets containing seed coats dieu; 
selections. We have found oviposition nonpref- although a few survived for over 70 days they 
erence, (ICRISAT Annual Report 1985, pp. were still small and in the third instar at the end 
194-195), and a reduction in the number of lar- of that period. The white-seeded genotype showed 
vae retained on sonic genotypes. We have also the least antibiosis, confirming field observa
selected tolerant genotypes, that slmw much tions that most such types are very susceptible. 

The diets containing powder from seeds that 
were boiled for 40 rin were intended to test 

Table 2. Pod damage (%) caused by lepidop- whether heat-degradable feeding deterrents, such 
teran borers and mean yields (t ha-') from short- as trypsin inhibitors, were involved in the anti
duration pigeonpea tested under pesticide-free biosis. Survival on this treatment was very low, 
conditions, ICRISAT Center and 1lisar, 1983- so some essential nutrients may have been de
1985. stroyed by boiling. An attempt to remove the 

ICRISAT Center Hisar polyphenols from the seeds by soaking in 1% 
sodium bicarbonate for 16 h did not reduce the 

Mean Mean antibiotic effect. A repeat of this test gave very 
pod Mean pod Mean similar results, with the greatest survival, short

damage yield damage yield est development time, and largest pupae on the 
-Genotype' (%) (t ha ) (%) ( ha-1) standard diet, followed closely by those fed on 

ICPL I 37.9 0.58 17.1 2.47 the dhal diet and on the whole white-seed diet.
 
ICPL 2 51.9 0.65 14.1 2.66 However, in this test virus killed over 40% of the
 
ICPL 187-1 32.6 0.86 20.8 2.45 larvae in the controls.
 
ICPL 269 35.0 0.80 19.2 1.94 The Max-Planck Institute for Biochemistry,
 

Control 	 Munich. Federal Republic of Germany is col-

Pant A1 56.6 0.99 28.5 2.09 	 laborating with us by studying the chemicals 

involvcd in resistance. In the Munich laborato
ries it has been shown that a volatile signal (kair

1. 	Numbers of genotypes tested in each trial ranged from 12 omone) is involved, since moths laid eggs prefer
to 36. ,ntially on nets covering susceptible plants. The 
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Figure 6. Aromagrams of seven pigeonpea genotypes in order of increasing oviposition preference by Heliothisarmigera(front to rear).Bars represent the relative amounts of the components related to signal 1980 (100%). Means of two replications, from extracts of leaves
sampled from the Max-Planck Institute collaboration plot at ICRISAT Center. 
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Table 3. Survival, mean larval period, and pupal mass of Heliothis armigera larvae fed on artificial 
diets containing powdered seeds or dhal of resistant ard susceptible pigeonpea genotypes in the 
laboratory, ICRISAT Center, June 1986. 

Number of larvae 

Diet ingredient 
surviving to pupation 

(out of 32) 
Mean larval 
period (days) 

Mean pupal 
mass (g) 

ICP 1903, brown-seeded, borer-resistant 
Seed 0 
Boiled seed 0 
Soaked seed 
Dhal 

3 
18 

38 (±2.0)' 
16 (± 1.8) 

0.23 (+0.02) 
0.30 (±0.01) 

PPE 50, brown-seeded, borer-susceptible 
Seed 0 
Boiled seed 0 
Soaked seed 0 
Dhal 23 14 (±0.7) 0.31 (±0.01) 

ICP 1691, white-sceded, borer-susceptible 
Seed 
Boiled seed 
Soaked seed 
Dhal 

22 
3 

10 
23 

26 (±0.7) 
30 (±2.0) 
33 (± 1.1) 
14 (±0.7) 

0.27 (±0.01) 
0.26 (±0.02) 
0.22 (±0.01) 
0.32 (±0.01) 

Control 
Kabuli chickpea seed 30 13 (:t 0.6) 0.33 (±0.01) 

I. Figures in parentheses are SE values. 

oviposition attractant has been showi to be lates. This fraction induced a positive reaction 
located in the sesquiterpenoid fractions. Charac- by Heliothis females in the oviposition assay. 
teristic varietal differences have been detected in Fhe components in the aromagram have partly 
the fractions derived from resistant and suscept- been identified by mass spectroscopy and nuclear 
ibic gciotypcs and further separated by capillary magnetic resonance spectroscopy. 
gas chromatography in a Sichromat II double 
oven gas chromatograph. An example of such Breeding for resistance. Our breeders and en
"chernica! fingerprints" is shown in Figure 6. tomologists work together on a well-established 
Peak areas were integrated and are displayed as project to breed for resistance to insect pests. 
bars labelled by their retention time (in seconds). Lines that showed reduced susceptibility to pests 
The peaks in each chromatogram are given in over several years of screening have been used in 
relative amounts in proportion to the signal at the crossing program to develop genotypes that 
1980 (holulene), which is set at 100% as an give reasonable yields in fields where little or no 
internal standard. The aromagrams of seven pesticide is used. For example, two selections 
niediuni-duration pigeonpea gcnotypes are shown, that have some resistance to Heliothis (ICP 
Only a section of the chromatograms from the 3193-12 and ICP 1900-11) were crossed with 
hey.ane extracts (hydrocarbon sesquiterpenes) cultivars Prabhat and BDN 1. The segregating 
from leaves is presented, similar fractions were populations were screened every year in pesti
also found in flower extracts and steam distil- cide-free conditions to select desirable types. In 
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1985/86, we conducted 9 replicated yield trials 
with these selected advanced lines under pesti-
cide-free conditions at ICRISAT Center. Al-
though ',he Heliothisincidenceduringthe season 
was unusually low, sonic of these lines showed 
reduced pesz susceptibility and produced better 
yields than the c'ntrol cultivar. These genotypes 
also had larger seeds than the resistant control, 
ICPIL 332. One ad -anced line (ICPX 8032 l-E34-
EI-EB) significantly outyielded the resistant 
control and was higher-yielding than C II (Table 4). 

Podfly (Melanagroni za obtusa) 

Ilost-plant resistance. In most years, podfly is 
the most damaging insect pest of long-duration 
pigeonpea, a crop ot'ma-jor i iportdance in central 
and northern Indi a. Wc previously reported 
(ICRISAT Anunual Report 1984, p. 180) several 
selections that have some resistance to this pest. 
This ycar we devoted more of on1r resources to 
the search for imlproved resistance to podfly, at 
tile expense of our biological control studies. 

Screening for resistance to podfly is very 
ledious. The egg is laid through the pod wall 
(Fig. 7) and the subsequent development of the 
larva and pupa takes place inside the pod, with 
no external symptoms. Thus, infestations can 
only be detected and quantified by destructive 
sampling ofthe pods. Almost all of the resistance 
that we have detected so far has been attributed 
to oviposition nonpreference, which may be of 
little value in the no-choice situations in farmers' 
fields for this insect is oligophagous. In previous 
years we found no evidence of antibiosis in any 
genotype for the ratio of pupae to eggs was at 
least as great in the resistant genotypes as in the 
susceptibk ones. However, this year we recorded 
a reduction in the larval-pupal survival in one of 
our resistant selections; that has given us an 
incentive to continue our search for antibiosis. 

In our studies ofthe mechanisms of resistance 
we have Conusiste utIN' recorded that our resistant 
selections tend to he small-secdcd and small
podded. The only ot her characteristic that appears 
to be consistent is a reduced sugar content in the 
pod walls of resistant selections vhen compared 
with tile susceptible types. 

Table 4. Performance of some entries in a pigeonpea insect-resistant lines yield trial grown in a 
pesticide-free field, ICRISAT Center, rainy season 1985/86. 

Entry 

ICPX 80321-134-1"1 -Fl 
ICPX 76239-1-1-17-E B-EB 
ICPX 76239-13-12-1I- I--13El 
ICPI. 84060 
ICPX 80322- I1-EI-EB 

Resistant cntrol 
ICP .332 

Susceptible control 
C I1 

SE 

Trial mean (30 entries) 

C'' (%) 

Time to 50", 'limc to Borer
flowering 

(days) 
matuirity 
(days) 

I00-seed 
mass (g) 

damaged 
pods t%) 

Grain yield 
(t ha-') 

98 147 7.0 9.8 1.62 
114 165 7.9 8.1 1.49 
113 164 7.9 8.7 1.47 
114 165 8.0 9.8 1.45 
109 160 7.4 8.5 1.37 

115 168 6.7 8.2 1.17 

121 179 10.8 18.0 1.34 

±0.5 ±0.8 M.17 ±2.1 ±0.13 
116 174 8.7 17.5 1.19 

0.8 I 4 24 22 
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Figure 7. Scanning electron micrograph of the 
egg of the pod'ly, ,iIelanragromnwza obtusa, that 
is laid through the pigeonpea pod wall into a pod 
locule, ICR)SAT (enter, 1986. 

Nodule-damaging l'. (Rivellia angulaln) 

Quantifying tie effects of n(dule damage. We 
have rcgularly obscrved that larvae of the fly. 
R/icl'il ;neul,;. CPlsc substantial dniace to 
pigeonpea itodiles. particularly in Vert isols where 
tip to 90"1 of tile tiOdtleCs inaiy be delstroyed. 
)urii Iu 86 bee collabolative985 we nlt trials 

involving Citonlologists and agrotlolltists to 
tlll tifv c 

and vield oflplieeopea. Ina field experiment on 
a Vertisol. \w'c applied ilisecticidel e;lllllellts 
(aldrin and 131-1(') to gellotyp l('I l. 87. IOw
ever, insecticide applied to the soil did not sub-
stintially reduce nodule datn;tee iU31d. 

a ile s of this d a rtlage on growl i 

although 
there appeared to lhe !MItc ;idvantace in eat I 
g I pa \ttlrlfcsted 

sorghum and then mixing in rice straw, leit
 
undisturbed, and with 21 kg haINas irca added
 
at sowing oftihe test genotype. I(lTI. 87. Nodule
IMM_,,p,.+#dldlC by Caving l.lge \%'is adult Rive/I;', 

oi half of the pots OI RI9,\I Annual 
19,15. 1). 195) at wekly intevals froni 3 

7 weeks after sowing. Sixt-eighit days after

sowing (I )AS),nodule danage was signilcntly 
greater in ill iusect-infested treatnictils than in 
the notnin1lested controls (Iable 5). Insect (ank 
ace' catUsed an average loss of about 30,/ in acetv
lene reducing activity of th i nodules, 36( in lcal 

' 
area,. and 257 in shoot d r matter, tie magni
tude of loss wils grcst infhe N-depleted soil 
lig. 8). \wlhere the plants had to he more reliant 

on svtnlotic lnitrogen fix ation. Iliesc results 
deICntistratc that nodule d;alc by Ii cliacan 
sceCelv iimpair i by p1geonpeanitrogeu lix atio 
gro in futI VCrtisols. and rt her inestieatiois 01' 
lhikk hcst to alleviate this problem seem warraltted. 

lant Nutrition 

\Ve ate concertied with I i a1duderstand ing 
optitni/ing tile mineral nutrition of pigconpea 
particutrly ill relation to plant genotvpic differ-

Table 5. Effect of infestation by Rivellia angu
lata on percentage nodules dinmaged pot - ' of 
piOconpea geniot'ype I('P11 87 grown in pots con
taining a Vertisol, 68 DAS, I('RISAT ('enter 
1986. 

Soil ilitrogcll 
I catn1ni, I o\,' Nor'uial 2 Addcd 'Mean 
. .
 

with Rm'l/ia 91 4 55 7
 
ffeted ly insecticide , liation. l i s tNonitilested 28 1(0 9 16 

eide applications rtniv tot havC ieetn sufTicietItlv 
efIective to Cotltrol nodule damage, or the ability 
of pigeolpea to extract mineral ilitloetn froi 
deeper soil lavers niav have Colpensated for 
effects of nodule dallage In the field. 
WCt Ihercfore COnIucted a pot eCXiritlient dir-

ing 1986 ising a Vertisol previously treated if 
three ways: depileted of N bylitfr growing 

S1Ff., ±3.8
 
Mean 60 37 32 43
 

SE ±4.7 
1. Akailahle Nwts depleted by grox%,ig s,rghtlm follomed 

bv mixing rice straw ,ith the soil. 

2.No exitra N added. 
3. iheequivatent of20 kg ha N asurecd iddltsOl.lig. 
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Figuie 8. Effect of the nodule-damaging fly, 
Rivellia angulata,on shoot growth of pigeonpea 
lienotype I(P1. 87 grown in a Vertisol low in 
available N, 68 days after sowing (a. infested 
siith R. angulara, 1).noninfested), (TIISAT 
('enter, 1986. 

ence,. ()u r 1rmaPio rcscach Cmphasis is oil oftl-
iiine uitrorien nutriti,,n, wChich i ('piesen-

hancelmntcl of rogen WCsymtiotic nitI lixation. 
are host inp (iovcimeit of ltpan Special Pro-
iett that i Cxanaininig inter retirts hetweCll rin-
Crll 1ttlrirron and s'Oil 1tos Ui availability in 
pig,-rr pea. 

Screening Soils for Potential Nutrient Limitations 

We are adapting pot cuItnre techniques to 
determine the ability of soils to provide each of 
the essential elements for pigeonpea growth. 
Essentially, this involves optimizing all plant 
growth factors to the extent possible and testing 
tile effect of presence or absence of each of the 
essential elements that could possibly limit growth 
on a particular soil type. We have been using a 
half-factorial design (I 2x2 7 ) and, as an exam
pie, for neutral to alkaline soils we test the effect 
lof Fe, H,and ;combined treatmentP,S,K, in. 

Sof Mo + ('o + NI 11 4 u.ihis method supple

ments soil analysis in identifying potential min
eral nutrient problems: and the magnitude of the 
responses obtained in pots glide foruulation of 
appropriate treatmllents for field fertilizer 
experiments. 

\Vc hae so fll t-,ted M~o Vcrtisols and an 
Alfisol front IlCRISAI (enter, an Fntisol from 
Itisar and an Ineeptisol from (iwalior.[hc only 
ilutrictlls that we found to he potentially limnitiig 
ill these soils are l) and S.,with a stomil I) SS 
Interaction on the Vertisols (lahlc6): nosignifi-
Cant Icspolses were measrlled oil the Flntisol. 

We \Xele concerined al the poor growth of 
pigeonpea on the Vcrtisol in 1985. compared to 
that on) theC Aliol. arid Suspected !hat field 
Capacity the soil \waitel content ntirially main-

Table 6. Effect of phosphorus and sulfur application on shoot dry matter (g plant-') of pigeonpea 
genotype I( IT,87 in nutrient screening trials in pots containing soils from ICRISAT Center (Vertisol, 
Alfisol) idGwalior (Inceptisol), I('IlSAT Center greenhouses, 1985 and 1986. 

Freutmenit ;rtisd I1)85 \'ctisol 1980 Alfisol 1985 triceptisol 1986 
S, P-' -I .' -I' ' -I' I!' -I' <I' 

- S ( 9 0.77 0.32 1.05 4.23 532 4.00 4.S6 
S 0.17 1.67 0.30 2.O18 4.42 .47 4.i l 5.32 

S F f.192 40.05f0 t.240 t0.08 7 

Response' I)***,S***,l 5** 1**,1** 

i.he signiicalice IIrespomnsc uapplicarlr uo roh, t'tL irteractonl p I Ir II lhlr (S)anj thcir P S),are indicatedas* foor ' 
,O t.01. kand ***for P, 0.(x)ipria il t ler,. 
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tained in such studies-was suboptimal for max-
imum growth. Thus, in 1986, we conducted a pot 
experiment where we maintained soil water con-
tent at different levels. We recorded large and 
almost linear increases in plant growth with 
increasing soil water contents from 15 to 30% 
(w/w), and a small but insignificant increase 
between 30 and 40%: the field capacity of this 
soil was 26%. The ability of pigeonpea to grow 
well for 52 DAS, at moisture levels as high as 
40% was surprising, because pigeonpea is gener-
ally considered susceptible to waterlogging con-
ditions. The reason for the generally observed 
poorer growth of pigeonpea on Vertisols, when 
cornpared with growth on soils of lightcr texture, 
remains unexplained, 

Nitrogen Requirements at )ifferent Growth 
Stages of Short-duration Pigeonpea 

lo assess tihe srope for genetic inprove ment of 
symbiotic nitrogen fixation in pigConpea \Nf 
need to know tihe extent to which nitrogen is 
limiting growth in the field, and the growth 
stages at which this limitat ion occu rs. We pre-

viously observed that pigeonpea genotypes ICPL 
87 (short-duration) and ICPL 304 (medium
duration) responded to fertilizer N applied at 
sowing on a Vertisol but not on an Alfisol 
(ICRISAT Annual Report 1985, p. 198). 

In the 1985/86 season we applied urea to 
ICIPI 87 (Pragati), grown in both an Alfisol and 
a Vertisol field, at different growth stages; 
namely, sowing, mid-vegetative, 50% flowering, 
mid-pod filling, and after harvesting the first 
flush of pods. Apart from one treatment, we 
applied irrigation whenever we thought mois
ture deficit was limiting growth. and to ensure 
that the utrea applied at different tines was avail
able for uptake by roots. We harvested three 
flushes of pods from crops on both soils. On the 
V'ertisol, although urea application at any growth 
stage soon cause'd a darkening of leaf color, only 
treatments that rocite(l N at 50% flowering or 
later had significantly higher grain yields (up to 
20CQ) than the treatiment without any fertilizer N 
([able 7). No significartt differences ill responses 
to fertilizer N were obtained on the Alfisol, 
althLougLi application of 100 kg N la-Iat sowing 
led to seedling inortality and consequently reduced 
yield. Withholding irrigation reduced yield on 

Table 7. Effect of fertilizer N and its time of hpplication on grain yield' (t ha-') ofpigeonpea genotype 
ICPI. 87 grown on a Vertisol and an Alfisol, ICRISAT C'Pi'ter 1985/86. 

Treatment Vertisol Alfisol 

0N 2.63 3.21 
20 kg N hi,:al Nowing 2.83 2.98 
20 kg N hiaI at s,.i ' wkiihout Rhizohiun 2 

20 kg N ha- at sowin'g wkithou, irrigation2 
2.79 
2.67 

3.45 
2.04 

100 kg N ha- at sowing 2.61 2.37 
20 kg N he ' at sowing +50 kg N h -I at 40 DAS 2.70 3.02 
20 kg N Iii' at sowing 75 kg N ha-I at 50% flowering 3.10 3.12 
20 kg N ha' at sowing +80 kg N ha at pod filling 2.92 2.72 
20 kg N ha- at sowring 4 80 kg N ha I at first harvest 
20 kg N ha -Iat soking + 50 kg N ha-' at 40 DAS + 75 kg N ha-' 

80 kg N ha-'at pod filling +80 kg N h i at first harvest 
at 50% flowering + 

2,80 

3.10 

2.89 

3.11 

SE ±0.07 ±0.25 
Cv (%) 5 18 

1.Total of three harvests. 
2. Treatments oriitting either Rhi~ohium inoculation or irrigation were also included for comparison. 
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the Alfisol but not on the Ver isol. In this and 
other studies we have observed that symbiotic 
nitrogen fixation activity in pigeonpea is better 
on Alfisols than on Vertisols, provided soil mois-
ttre is adequate. 

Although symbiotic activity appears adequate 
to meet the crop's nitrogen needs throughout its 
growth on Alfisols, this is not the case on Verti-
sois where nitrogen becomes limiting at later 
growth stages. Thus. there is scope for genetic 
enhancement of symbiotic nitrogen fixation 
capability in such heavy soils. To confirm these 
findings we are repeating this experiment at dif-
ferent locations in 1986/87. 

Mycorrhizal Response in Nonsterilized Soil 

Last year we reported large responses of pigeon-
pea genotype ICPL 87 to inoculation with vesic-
ular arbuscular rnycorrhizae (VA M) in a steril-
ize6 Alfisol (ICRISAT Annual Report 1985, pp. 
197-198). In the 1985 rainy season we repeated 
the study using a nonsterilized Alfisol. We used 
nine mycorrhizal strains that had performed well 
in sterilized soil, together with sterilized and 
nonsterifized controls without inoculation, in a 

factorial combination with 5 rates of P applica
tion (0, 10, 25, 50, 100 kg P ha-'). There was a 
significant response to fertilizer P in terms of 
shoot dry matter (Fig. 9a), nodule number, 
nodule mass, and N and P uptake. The response 
to mycorrhizal inoculation was not significant 
but there was a significant interaction between 
VAM and P level. Forexample, Glomuscaledo
nium significantly increased shoot dry matter 
over the control in the absence of applied P 
(Fig. 9b). 

The large responses to VAM inoculation in 
sterilized soil suggest that pigeonpea depends oi 
mycorrhizal associations to enhanceat icast its P 
nutrition on natural, nonsterilized soils. How
ever, the lack of response to inoculation by a
wide range of VAM strains on nonsterilized soil 
suggests that there is little scope to enhance
pigeonpea growt 11by VA M inoculation in natu
ral soils. Nevertheless, the response to Glomus 
caledon,iun, as well as various other responses of 
pigeonpea to VANI inoculation in nonsterilized 
soils that have been reported from other labora
tories, needs to be further examined before we 
can reasonably assess the prospects for improv
ing pigeonpea growth in the field by nianipula
tion of VAM associations. 

Figure 9. Effect of a. 0, 25, and 100 kg P ha-', and b. inoculation with Glomus caledonium on shoot
growth of pigeonpea ICPL 87 in a nonsterilized Alfisol, 88 days after sowing, ICRISAT Center, 1985. 
a 1) 

or N-11 

,d 2 

0 25100 Noninoc. Inoe 
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Estimation of Soil Phosphorus Availability in 20 mL distilled water and measuring the pH of 

Previous studies at ICRISAT Center have dem-
onstrated that pigeonpea is much less responsive 
to P application than pearl millet or sorghum 
(ICRISAT Annual Report 1979/80, pp. 182-
185) and that responses to sorghum are only 
obtained at Olse,'-P3 levels (extraction with bi-
carbonate al PH 8.5) less than 2.5 mg P kg- on 
Vertisol, (ICRISAT Annual Report 1984 pp. 
256-258). Such levels are usually considered to 
indicate soils with low P availability to plants, 
but it must be questioned as to whether this 
method of extraction is really appropriate to 
pigeonpea. 

With this in mind we conducted a pot experi-
ment to compare the ability of six crop plants-
pigeonpea, chickpea, soybean, sorghum, pearl 
millet, and maize--to extract P from soils low in 
available P,and to which no fertilizer P was 

-
added. We used a Vertisol with 1.5 ng P kg and 
an Alfisol with 3.0 ng P kg- I extracted by 
Olsen's method. All of the crops except pigeon-
pea produced more dry matter, and could extract 
more P (Table 8) up to the grain-filling stage in 
the Vertisol than in the Alfisol. With the excep
tion of pigeonpea this result suggested that the 
ability of these crops to acidify the rhizosphere 
may coi.iribute to greater P availability in tie 
Vertisol. 

We tried to fractionate soil associated with the 
roots of these crops when they were 2 months 
old. The fraction termed "Rhizosphere a" cor. 
prised the soil attached to the root mass that 
could be removed by gentle shaking. "Rhizo
sphere b" referred to soil removed by vigorous 
shaking. The pHi of rhizoplane-attached; soil was 
determined by soaking vigorously shaken roots 

the suspension. Even with these crude methods 
the pH of the soil adjacent to the root was found 
to be markedly lower than in the bulk soil (Table 
9). We are refining these methods to be able to 
more precisely measure rhizosphere pH. 

We then studied the effect of extractants of 
different pH on P availability from these soils. 
Figure 10 illustrates the resu:ts. Jhowing the 

50- a Vertisoi 

o Aifisol 
, Acetate buffer 

40 Barbital buffer 

I
 
, 30-


E
 
7 

u.
 

20
2 % 

10 

% 
% 

0 - I 
3 4 5 6 7 8 9 

Figure 10. Phosphorus extraction from an 
Alfisol and a Vertisol in acetate and barbital 
buffers at various pH levels. 

Table 8. Shoot phosphorus content (mg P pot-') of plants at the grain-filling stage after growth in 

low-P soils, pot trial, ICRISAT Center, 1986. 

Soil Pigeonpea Chickpea Soybean Sorghum Pearl millet Maize 
Alfisol 5.72 4.73 1.40 0.59 0.64 0.51 
Vertisol 2.34 6.79 6.53 3.91 5.38 6.13 

SE ±0.82 ±0.77 ±0.20 ±0.39 ±0.34 ±0.25 
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Table 9. pH of bulk, rhizosphere, and rhizoplane-attached soil for six crop species grown for 2 
months, in pots containing an Alfisol or a Vertisol, ICRISAT Center, 1986. 

pH 

Rhizoplane-
Crop Soil type Bulk' Rhizospherea' Rhizosphereb' attached soil 2 SE 

Pigeonpea Alfisol 8.46 7.14 6.88 6.82 ±0.195 
Vertisol 9.27 8.13 8.11 7.60 ±0.176 

Chickpea Alfisol 8.44 7.13 6.80 6.68 ±0.203 
Vertisol 9.20 8.17 8.61 7.51 ±0.180 

Soybean Alfisol 8.87 6.81 6.56 6.29 ±0.296 
Vertisol 9.24 8.20 8.69 7.53 ±0.182 

Sorghum Alfisol 8.59 7.66 7.61 7.22 .146 
Vertisol 9.17 8.44 8.80 7.99 ±0.127 

Pearl millet Alfisol 8.73 7.57 7.82 6.82 ±0.200 
Vertisol 9.06 8.65 8.55 7.77 ±0.134 

Maize Alfisol 8.79 7.19 7.00 6.99 ±0.220 
Vertisol 9.19 8.50 8.62 7.76 ±0.149 

I. Bulk and rhizosphere soil pH measured in a ratio of I soil: 2 water. 
2. Roots with rhizoplane-attached soil soaked in 20 mL water, pH measured in resulting suspension. 

increase in P availability as pH declines. For 
example, 39.3 mg P kg- could he released at pH 
4 whereas only 1.5 mg P kg-t could be extracted 
by Olsen's method in the same Verti.ol at pH 7 
and above. 

These data demonstrate that Olsen's method 
may not be sufficiently sensitive or appropriate 
to estimate available P in alkaline soils for crops 
that acidify the rhizosphere. However, these 
results cannot explain the better growth of 
pigeonpea on Alfisols than Vertisols and alter-
native explanations for this tnust be sought. 

Grain and Food Quality 
Protein Content and Amino acids 

We analyzed the protein content of 1573 dhal 
and 752 whole-seed samples received from ICRI-
SAT pigeonpea breeders. It ranged from 18.8 to 
34.5% for the dhal samples and from 16.3 to 

22.8% for the whole-seed samples. The analyses 
of the dhal samples confirmed our earlier restlts 
that some of the lines developed by the ICRI-
SAT breeding program have particularly high 
protein contents. In addition, we determined the 
protein content of 865 whole-seed samples from 
our Genetic Resources Unit; these ranged from 
17.2 to 24.8%. 

We have been studying the variability in 
amounts of sulfur-amino acids in pigeonpea. 
These are at inadequate levels in genotypes so far 
tested and we hope to identify genotypes with 
adequate levels. We estimated methionine in 105 
defatted dhal samples of a progeny raised from 
gamma-irradiated material. The tmethionine con
tent of these samples ranged from 0.82 to 1.38 g 
100 g-t protein and their protein content varied 
from 21.4 to 30.4%. Our pigeonpea breeders 
grew 22 accessions of Atylosia scarabaeoidesin 
the postrainy season 1985/86 at ICR.SAT Cen
ter and we analyzed defatted dhal samples of 
these for their methionine + cystine co~itent. 

http:Verti.ol


Pigeonpea 195 

Values ranged between 2.37 and 3.03 g (100 g)-I Multiple harvesting of short-duration pigeon
protein with the mean being 2.50 g (100 g)-l pea may become a common practice, so we 
protein. This indicated only a small variation in determined the cooking quality of samples harv
the sulfur-amino acid contents of these accessions. ested twice, at intervals of about 60 days, from 

ICPL 81, 1CPL 87, and ICPL 151 grown during 
1985 at ICRISAT Center. No significant differ-

Cooking Quality ences were apparent in the cooking time, water 
absorption, and solids dispersion of the samples

We continued to study the cooking quality of of dal from the two harvests. However, the 
pigeonpea genotypes developed by ICRISAT protein content was significantly (P < 0.01) 
that may be released. This , ear we evaluated the higher in the second harvest. 
cooking quality of dhal samples of six short- In some African countries, pigeonpea is con
duration and six medium-duration genotypes, suimed as whole seeds cooked to a soft consis
by determining their cooking time, water absorp- lency. However, it is frequently said that pigeon
tion, and solids dispersion. The cooking time of pea is less popular than cowpea because it takes 
all these genotypes was similar to that of the much longer to cook. We compared the cooking
controls, except for ICPL 186 which took signif- time of pigeonpea and cowpea, with and without 
icantly longer to cook (Table 10). The protein 16-h presoaking treatinents using either water, 
content of ICPL 15 1was lower than that of all or a sodium bicarbonate solution (1% w/v).
the other genotypes. We did not find consistent Althoutgh the pigeonpea genotypes we tested 
differences between the short- and medium- took longer to cook than the cowpea when the 
duration genotypes in the characteristics that we seed had not been presoaked, this was reversed 
measured, after presoaking (Table 11). 

Table 10. Evaluation of cooking quality of dhal samples from pigeonpea genotypes developed by 
ICRISAT, laboratory tests, ICRISAT Center 1986. 

Genotypes 
Protein 

(%) 
Cooking 

time (nin) 
Water absorption 

(g g-1) 
Solids dispersion 

(%)1 
Texture 

(force, kg) l 

Short-duration 
ICPL 87 20.2 17 1.19 31.3 125 
ICPL 151 17.9 17 1.09 24.6 184 
ICPL 186 23.2 22 1.06 23.3 222 
ICPL 8324 19.5 19 1.22 33.0 170 

Control 
UPAS 120 21.3 17 1.07 28.9 150 

Medium-duration 
ICPL 270 20.7 17 1.27 38.9 100 
ICPL 304 20.1 17 1.06 25.4 184 
ICPL 333 20.1 16 1.29 37.9 90 
ICPL 84060 21.0 16 1.05 28.0 127 

Control 
C 11 20.4 17 1.04 25.5 165 

SE ±0.21 ±0.8 ±0.043 ±0.77 ±8.8 

1. Sample cooked for 15 min before estimation. 
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Table 11. Effect of presoaking with water and sodium bicarbonate solution (1%w/v) for 16 h, on the
cooking time of whole seeds of cowpea and pigeonpea, ICRISAT Center, 1986. 

Cooking time (min) 

Presoaked (16 hi)with 
Genotype 100-seed mass (g) Control Water Na HCO3 (1% w/v) 

Cowpea
 
Russian 
 17.1 
Local 1 22.7 
Local 2 11.0 

Pigeonpea

T 21 
 7.0 
C II 9.2 
BDN I 9.3 
ICPL 87 9.3 

SE ±1.31 

Mean (20 pigeonpea genotypes) 9.7 

Germinated and fermented preparations of 
pigeonpea may enhance its utilization in some 
Asian and African countries. We have initiated 
efforts to develop and test such preparations. We 
prepared products of germinated pigeonpea, in 
combination with rice flour, that were cooked in 
oil (uttapa), and in water (porridge), and a far-
mented product (dhokla) of pigeonpea flour in 
combination with rice and urd bean flours. Our 
tasting panels found all these products accepta-
ble. We also found that both the germination 
and fermentation processes removed, or masked, 
a perceived "off-flavor" from the pigeonpea. 

Dehullirig Quality 

Methods of dehulling pigeonpea and associated 
nutrient losses received considerable attention, 
We tested a tangential abrasive dehulling device 
(TADD), a barley pearler, and a manually oper-
ated stone chakki (mill) to determine a reliable 
method for evaluating the dehulling quality of 
differing pigeonpea genotypes. Using C II, we 
compared the dhal yield, and the broken pieces, 

38 20 18 
36 18 15 
34 15 12 

46 15 13 
52 15 12 
54 14 10 
48 12 10 

±1.9 ±0.7 ±0.8 

53 15 12 

powder, and husk quantities produced by the 
three methods. Our results indicated that both 
the TADD and barley pearler could be used to 
determine the dehulling quality. However, it is 
more convenient to use the TADD for small 
quantities of seed. 

We studied the influence of dehulling on nu
trient losses by analyzing the dhal arid powder 
fractions obtained by dehulling C II in the 
TADD for different periods (0, 2, 4, 8, and 12 
min). Tihe protein content of the dhal decreased 
as the dehulling time increased (Table 12). We 
also observed significant losses (P < 0.01) in 
calcium and iron contents even after dehulling 
for only 2 minutes. This indicated that these 
constituents arc concentrated in the outer layers 
of cotyledons, that are removed as a result of 
abrasive dehulling. However, the levels of the 
essential amino acids (lysine, methionine + cys
tinc, and threonine) did not significantly change 
even after extended aorasion. It was apparent 
that unlike protein, calcium, amid iron, these 
amino acids are uniformly distributed in the 
cotyledons and that their concentrations are not 
reduced by dehulling. 
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Table 12. Effect of dehulling, using the Tangential Abrasive Dehulling Device (TADD) for various 
tines, on the protein, calcium, and iron contents of the dhal and powder fractions of pigeonpea 
genotype C 11 seeds, ICRISAT Center, 1986. 

Dhal Powoer 

Dehulling Protein Calcium Iron Protein Calcium Iron
 
time (min) (%) (mg 100 g-) (%) (mg 100 g-1)
 

01 21.4 58.2 5.1 
2 20.8 46.5 3.7 31.2 149.7 15.4 
4 20.3 46.0 3.6 29.7 107.5 11.0 
8 19.6 41.0 3.2 27.1 86.3 8.4
 

12 19.6 40.8 2,5 24.9 82.6 7.8
 

SE ±0.17 ±2.34 ±0.19 ±0.17 ±2.03 ±0.53 

I. This treatment was dehulled by hand and not subjected to ab-asion in the TADD. 

Vegetable Pigeonpeas Plant Improvement 

We studied texture (hardness), moisture con
tent, and 100-grain mass of green seeds of Short-duration Pigecapea 
vegetable-type pigeonpea, since these are char
acteristics likcly to affect their consumer accep- Short-duration pigeonpea genotypes mature 90 
tability. We determined the texture of single to 150 DAS and arc becoming popular in a 
seeds of ICP 12005 using a compression probe, a number of cropping systems. The incorporation 
piercing probe, and a cutting blade in the Instron of such genotypes into cropping systems under 
food tester. We used a back-extrusion cell to rainfed, supplemental, and full irrigation condi
determine the texture of 30-g green seed lots of tions can lead to increased cropping iitensity. 
16 genotypes. We also analyzed these genotypes With the availability of a wider range of short
for protein, starch, soluble sugats, crude fiber, duration genotypes, commercial pigeonpea cul
and fat content. We found greater variation in tivation can be extended to regions where either 
texture between seeds within a genotype than the crop is not grown, or is grown as a minor 
between the seed lots of differing genotypes. This component with cereals, or as a backyard crop. 
heterogeneity in texture among seeds is probably Traditional, long-duration, tall, photosensitive 
a result of differences in their maturity stages. genotypes have little potential outside the inter-
Based on the analysis of 16 genotypes using the crop systems and regions where they are cur
back-extrusion cell, textures showed significant rently grown. With short-duration genotypes we 
positive correlations (r = 0.73, 1).< 0.01) with are dealing with a virtually new crop requiring 
100-grain mass and significant, and negative different agronomy and with potential for mech
correlations (r = -0.81, P < 0.01) with moisture anized farming. Such genotypes are relatively 
content, thus demonstrating the importance of photoinsensitive and so have wider adaptation, 
these parameters in the texture measurement of across both geographic regions and seasons. In 
vegetable pigeonpea. We also found that the this year we intensified our breeding efforts in 
variation in soluble sugar contents (2.6-6.4%) this maturity group, at the expense of our work 
was greater than that in crude fibre contents on longer-duration types. We also undertook a 
(7.9-9.9%) in these genotypes. series of adaptation trials in new areas at higher 



198 Pigeonpea
 

Table 13. Performance of some newly developed short-duration pigeonpea lines, ICRISAT Center,
 
1985. 

Time to 50% Time to 
flowering maturity 100-seed Grain yield (t ha-') Sterility 

(days) (days) mass (g) Hisar' ICRISAT Center mosaic (%)2 

Determinate
 
ICPL 85016 63 8.2
106 3.54 2.65 65 
ICPL 85017 62 105 9.6 3.25 2.58 80 
ICPL 85012 60 95 10.0 3.32 1.89 47 
ICPL 85005 55 95 9.2 3.75 1.81 3
ICPL 830ut 63 105 9.8 3.58 2.50 7 
Control
 

Prabhat 
 60 92 5.5 2.56 1.78 87 
SE ±0.6 ±1.0 ±0.23 ±0.15 ±0.20 

Trial mean
 
(36 entries) 62 104 9.3 
 2.09 

CV (%) 2 2 4 10-21 18 

Indeterminate
 
ICPL 84048 58 103 9.3 
 2.78 1.25 29 
ICPI. 85049 74 117 12.8 3.12 1.19 87
 
ICPL 84044 54 
 102 10.7 3.01 1.13 24 

Control
 
UPAS 120 
 57 104 7.8 2.43 1.09 89 
H 77-216 56 102 7.9 2.78 1.23 100 
SE ±1.4 ±1.0 ±0.17 ±0.13 ±0.11 

Trial mean
 
(36 entries) 
 59 105 9.3 1.11
 

CV (%) 
 4 2 3 11-15 17 

I. 1984 data from differen; tests (ICRISAT Annual Report 1985, p. 203).
2. Disease incidence recorded from the sterility mosaic disease nursery at ICRISAT Center. 

latitudes. Further, we initiated multi-discipli- India Coordinated Pulses Improvement Project 
nary nurseries to screen for photoinsensitivity (AICPIP) workshop, and in collaboration with 
and adaptation to rice fallows and arid areas. the Directorate of Pulses Research, of the Indian 

Council of Agricultural Research (ICAR), Kan-
ICPL 87. In 1986 our short-duration, determi- pur, a release propozdl for another short-duration 
nate cultivar ICPL 87 was officially released as cultivar ICPL 151 was submitted to, the CVRC. 
Pragati (meaning progrcss) by the Central Vari- ICPL 87 ha., shown wide adaptation in diverse 
etal Release Committee (CVRC) for cultivation agroclimatic conditions across India. It has wilt 
in peninsular India and notified for the whole tolerance, high yield potential, and good ratoon
country. Following recommendations by an All ability (ICRISAT Annual Report 1984, pp. 167
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168). These characteristics were amply exploited Large-seeded, short-durftion lines which 
and demonstrated in on-farm adaptation trials yielded ,ery well at Hisar in 1984 were tested at 
conducted by the Andhra Pradesh State Depart- ICRISAT Center in 1985. They again produced 
ment of Agriculture in Rangareddy District. The much larger seeds than the control cultivars, and 
farmers who grew the trials were enthusiastic several gave greater mean yields (Table 13).
about tile crop, that looked very attractive and Sonic of these lines also had greater tolerance/ 
grew to a height of less than 90 cm, enabling resistance to sterility mosaic disease than the 
them to easily spray it with insecticides. In two controls. 
harvests they recorded dry seed yields of up to Short-duration lines from ICRISAT were 
5.20 t ha - 1 in 180 days. The Government of also tested in nontraditional production systems
Maharashtra State took further steps to release at Pusa, Bihar, India where we evaluated a set of 
ICPL 87 because of its relatively large seed ( 100- determinate and indeterminate lines in the 1985/86
seed mass = 9g) and superior yield performance post rainy sc,,in in C,, i r(17':! withi ICA!. 
in multilocational and on-farm trials. It gave a Some of our lines gave better yields and had 
mean yield of 1.24 t ha-1 in 1985 in ceight on-faim larger seeds than the control cultivar and will be 
trials as comparedl to 0.88 t ha I for tile control, tested further (Table 14).
 
In 12 on-farni trials in three northern districts of
 
Madhva Pradesh, where ICPI. 87 is intended to
 
be double cropped with wheat, this variety gave
 
a mean yield of 1.45 t ha 1,compared to 1.20 t 
ha-I by the control cultivar UPAS 120. Trable 14. Performance of short-duration pi-

Following requests from the [)epartments of geonpea lines in trials at Bihar, India, postrainy 
Agriculture and i'griculttral universities asso- season 1985/86. 
cilated with the states of Madhva Pradesh, Guja- Time to 100-seed Grain 
rat. IMliarashtra, and Andlira Pradesh we or- maturity mass yield 
ganized a numhr of short-duration adaptation Genotype (days) (g) (t ha-') 
trials. We supplied about 500 kg of pure seed of 
ICPI 87 to national and state seed corporaltions Determinate 
and to universitiesplcto.ICPl.inIndia for further multi- ICPL 840298322 18 7.58.5 2.99148 2.93
plication. ICPL 151 10.5148 2.78 

Improved genotypes. Our work on the itn- Control 
provenient of short-duration pigeonpea was UPAS 120 165 7.0 2.48 
continued at Hisar and ICRISAT Center in SE ±0.14 
1985. Unfortunately, most yield tests at Hisar 
were lost because of severe water-logging and Trial mean (19 entries) 2.39 
soil salinity problems. CV (%) 10 

D)uring 1985 two of our extra-early-pigeonpea Indeterminate 
lines, ICPIL 317, and ICPI. 8306, were reported ICPL 314 159 8.5 2.78 
by AICPIP to have good potential at Samba in ICPL 292 159 9.5 2.51 
the Northwest Hill Zone, and at ICPI. 84052 8.0Ihiphal in the 160 2.45 
Northeast Hill Zone of India. In these areas 
pigeonpea is virtually a new crop, but shows Control 
considerable potential. At Samba, ICPI. 317 
gave a mean yield of 2.67 t ha -' compared to 1.43 SE ±0.13 
t ha-' by the control cultivar, UPAS 120. At Trial 8 entries)mean 2.13 
inphal, ICPL 317 gave a mean yield of 3.20 t 
ha-' against 2.35 t ha -' by UPAS 120. CV(%) 10 
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Medium-duration Pigeonpea 

Composite populations. In 1981 we made fiv 
composite populations using MS3A and ICPM 
I (MS4A) male-sterile sources to improve the 
levels of salt tolerance, pod borer resistance, 
podfly resistance, combined resistance to steril-
ity mosaic and wilt, and wilt resistance. Every 
year, 5000 plants from each population are 
grown in isolation. At the flowering stage male-
sterile plants are identified and the seeds col-
lected from these plants are bulked to reconsti-
tute the populations. After four cycles of random 
mating, these populations will be tested for prog-
ress in the attributes for which they were consti-
tuted. Such testing will commence in the 1987/88 
season, and then, selected populations will be 
tested for yield and other characteristics, and 
new genetic variability will be incorporated for 
further improvement. 

This year we developed a new conposite po
ulation to combine wilt, sterility mosaic, and 
phytophthora blight resistance using two male-
sterile lines, and diverse disease-resistant parents. 

Long-duration Pigeonpea 

We continued to breed long-duration pigeonpca 
at Gwalior. Our main aim is to develop lines 
resistant to diseases and insect pests so as to 
stabilize crop productivity. An alternaria blight-
and sterility mosaic-resistant line ICPL 366, 
entered in the 1985 AICPI P Late Maturity, 
Arhar Coordinated Trial (ACT 3), has per-
formed well over the past 4 years (Table 15). In 
1986 another high-yielding line, tolerant to ste-
rility mosaic, was also entered in the multiloca-
ti-nal ACT 3. 

Hybrids 

The short-duration hybrid ICPH 8 that has 
recorded high yield levels (ICRISAT Annual 
Report 1985, pp. 205-206) continued to perform 
well in 1985 (Table 16). This hybrid has now 
been entered in the AICPIP Extra-early Arhar 

Table 15. Performance of an alternaria blight

and sterility mosaic-resistant pigeonpea lineICPL 366 in trials at Gwalior and Morena, 
India, 1982-1985. 

Grain yield (t ha-) 
Number of ICPL Control 

Y,'nr trials 366 GW 3 

982 5 2.67 2.61 
1983 4 2.53 2.241984 7 2.57 2.29
1985 2.57 1.27 

Mean 2.49 2.11
 
Alternaria blight (%)
 
in greenhouse 0.0 100
 

Sterility mcsaic (%) in
 
sterility mosaic nursery 0.0 100
 

Coordinated Trial (EACT). We also compared 
four other new short-duration pigeonpea hybrids 
with three national control cultivars at 10 loca
tions in India using 3 x 4-ni plots in replicated 
trials. In the six trials that had a coefficient of 
variation (CV) less than 25%, the yield increase 
of ICPH 13 over the best national control cul
tivar (T 21 ) ranged from 8 to 91(%with an aver
age of 30% (Table 16). We plan to produce 
enough seed of ICPHI- 13 in isolation for multi
locational te ting in the coming season. 

High-Protein Lines 

For the first time we tested agronomically supe
rior, medium-duration, high-protein lines with 
the national control cultivar, BDN 1. Most of 
the test lines flowered and matured at the same 
time as BDN I (Table 17). The high-protein lines 
were also similar to BDN I in plant height, 
number of seeds per pod, and seed size. Some of 
the lines in this trial exhibited a similar yield 
potential to that of BIDN I but their protein 
content was significantly higher. The best high
protein line, HPL 40-5, yielded over 20% more 
protein per hectare than the control. 
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Table 16. Grain yield t ha - 1of short-duration pigeonpea hybrids and national control cultivars at six 
Indian locations, rainy season 1985. 

ICRISAT Secund- Sriganga- Increase 
Entry Center erabad Jalna Baroda Gulbarga nagar Mean over T 21 (%) 
ICPH 13 2.59(l)' 2.65(1) 1.70(l) 1.79(2) 0.80(l) 3.02(3) 2.09 30
 
IC13H 14 1.83(4) 2.47(2) 1.33(5) 1.55(4) 5.30(5) 3.53(I) 1.87 16
 
ICPH 16 1.95(3) 2.47(2) 1.64(2) 1.46(6) 0.66(4) 2.94(4) 
 1.85 15 
ICPH 8 1.45(6) 2.39(4) 1.58(3) 1.47(5) 0.74(3) 3.09(2) 1.79 II
 
ICPH 15 
 2.43(2) 2.11(8) 1.19(6) 1.91(I) 0.79(2) 2.25(8) 1.78 II 

Controls
 
T 21 1.42(7) 2.29(5) 1.16(7) 1.56(3) 0.42(7) 2.78(5) 1.61
 
UPAS 120 1.22(8) 2.17(7) 1.37(4) 0.85(8) 0.53(6) 2.33(6) 1.41
 
H 77-216 1.57(5) 2.19(6) 1.03(8) 1.02(7) 0.37(8) 2.25(7) 1.41
 

SE ±0.22 ±0.10 ±0.15 ±0.18 ±0.09 10.21 

Trial mean 1.81 2.34 1.38 1.45 0.61 2.72
 
(8 entries)
 

,V(') 21 7 19 21 25 13 

I. Numbers in parentheses indicate the ranking of the entry in the trial. 

'fable 17. Performance of high protein pigeonpea lines, ICRISAT Center, rainy season 1985. 

Time to 50V% Time to Plant 
flowering maturity height Seeds 100-seed Grain yield Protein 

Line (days) (days) (n) pod - mass (g) (t ha -I) (%)I (t ha-1) 

HPI 40-5 115 169 1.70 3.6 9.6 2.10 26.9 0.47
1-tPL 40-17 117 169 1.61 3.6 8.5 2.07 26.5 0.45 
HPI. 40-23 116 168 1.64 3.6 9.4 1.94 26.4 0.42
Hill, 40-6 116 1.67168 3.6 9.9 1.91 26.4 0.41
HPL 40-15 121 171 1.60 3.3 9.1 1.82 27.2 0.40 
Control
 

BDN I 115 168 1.68 3.4 9.6 2.02 23.2 0.39 
SE ±1.0 ±0.9 ±0.05 ±0.13 ±0.18 ±0.18 ±0.46 ±0.04 

Trial mean 
(25 entries) 117 170 1.66 3.6 9.1 1.81 26.3 0.40 

CV (%) 1.5 0.9 4.7 6.6 3.4 17 3.0 17 

I. Estimated in dhal. 

The high-protein character, transferred to nean percentage of dhal protein in our high
pigeonpea from its wild relatives, Atylosia albi- protein selection for each of 4 years (1982-85) 
cans, A. scricea, and A. scarabacoides, has ranged from 28.8 to 31.2%, compared with 22.6 
shown a high level of stability over years. The to 23.6% in the control BDN 1. To determine its 
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Table 18. Protein content (%)of dhal from high protein pigeonpea lines compared to the national 
control cultivar C 11 in 10 environments in India, rainy season 1985. 

Control CVLocation HP1. 24 HPL 25 HPL 28 HPL 31 C 11 SE (%) 
ICRISAT I 31.3 28.5 
ICRISAT 2 33.6 29.0 
ICRISAT J 29.6 29.8 
ICRISAT NT 31.2 
Jalna 32.2 28.9 

S.K.Nagar 30.9 28.4 
Gulbarga 32.1 29.9 
Gwalior 32.3 30.4 
Hisar 31.! 29.6 
Sabour 32.8 29.1 

Mean 31.8 29.5 

I. ICRISAT Center Vertisol, irrigated. 
2. ICRISAT Center Vertisol, rainfed. 
3. ICRISAT Center Alfisol, rainied. 
4. ICRISAT Center Vertisol. September sowing. 
5. Not tested, seed not available. 

stability over environments, we conducted repli-
cated tests of the high-protein lines and a control 
cultivar in diverse environments. The protein 
content (Table 18) in the seed received from 10 
environments was higher in the high-protein 
lines than in the control. 

The sulfur-containing anino acids of the high-
protein lines were found to besimilar to those of 
the control cultivar. The mean methionine + 
cystine values for the high-protein lines was 2.61 
g(100g)-i of protein compared with 2 .53g(100 g)-' 
for the control. This indicated that protein qual-
ity in terms of essential atnino acids did not 
decrease as the protein content increased. These 
results clearly show that characters such as high-
protein content, large seed size, and high yield 
can be successfully combined in pigeonpea. We 
have entered one of the selections for evaluation 
in the Medium-duration Pigeonpea Adaptation 
Yield Trial (MPAY). High-protein lines may 
have potential asa nutritious food component in 
areas where pigeonpea is not presently popular 
as a food. We have now made crosses to develop 
high-protein, high-yielding, short-duration lines, 

27.8 
28.6 
26.8 
26.4 

30.1 
28.5 
NT5 

29.9 

23.3 
22.1 
22.9 
22.6 

±0.26 
±0.32 
±0.54 

-

1.7 
2.4 
4.2 

-
30.4 30.9 23.1 ±0.69 5.0 

27.3 
27.6 
27.3 
29.2 

28,8 
29.2 
30.1 
NT 

21.4 
23.0 
22.0 
24.5 

±0.36 
±0.49 
±0.71 

-

2.0 
3.7 
4.5 

-
29.3 NT 23.9 

28.1 29.6 22.9 

Wood Production from Pigeonpea 

In view of the increasing demand for wood as a 
source of fuel or construction material in semi
arid areas, we are assessing the potential of dif
ferent pigeonpea genotypes in different cropping 
systems to provide this product. Wood from 
pigeonpea (Fig. I I)has been traditionally used 
by subsistence farmers but there has been little 
biological or economic quantfr-ittion of this 
product. At Gwalior, long-dura, -1lines (e.g., 
ICPL 360) yielded up to 7.5 t ha-t ai. 'tied sticks 
season -'. At ICRlSA1lCenter, mediunt-duration 
lines have produced more than 10 t ha-I oven
dried sticks season-' from a monocrop grown at 
a population of about 6.6 plants m-2 . Short
duration pigeonpea monocrops, from which 
multiple grain harvests are taken, can yield tip to 
8 t ha-t of oven-dried sticks. 

At Hisar, we recorded air-dried stick yields 
of more than 20 t ha-' from a short-duration 
pigeonpea crop sown in late June. However, 
when short-duration pigeonpea was sown in this 
environment in early April and the crop was 
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Figure 11. Threshing pigeonpea; the woody stems have many uses, but are particularly valuable as a 
source of fuel, iCRISAT ('enter, 1986. 

given adequate irrigation, stick yields exceeded and resistance to fusarium wilt, phytophthora30 t ha '. Thus. a changeover froim longer dura- blight, and Salinity. Despite repeated attempts,lion to short-dtration pigcoripea should riot we failed to hybridize A. p at3'carpawith pigeon,-educe the mass of sicks, but more, smaller pea. The cause ofcross-inlcorpatibility betweensticks will be produced arld these may not be so A. [/at,ca1tI and pigeonpea was found to beuseful for some purpo)sCs a, the lar'ger sticks associited with the abnormal growth of pollenf'om0l1 the honer-JUratiom crops, tubes of' A. p/1attycarfpa on pigeonpea stigmas. 
IidgC c rrosses hIa .Ve been used as a means of 

corn bining tile gelorues of species that are cross-Plant Regenieration from Immature incompatile by normal hybridization methods.Pigeonpea Flinlbryos In such cases, a third related species (usually a 
cross-conr pat ible wild type) is used inl the pri-Alosia platy'carpa is of potential value to nary lvbridization and the resulting hybrid ispigeolpea iniprovelncntfr programs because it then crossed with tle intended recipient species.carries genes for photoi snsitivity, earliness, Experiment, at ICRISAT Center have shown 
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that A. platycarpawill form pods when crossed 
as a female with A. acutifolia,A. cajanifolia,and 
A. scarabacoides,and as a male with A. scara-
Uaeoides. However, these pods contained shriv-
elled, nonviable seeds. Dissections showed that 
the embryos formed in these seeds ceased to 
grow when 0.5-1.0 mm long. This was linked to 
the degeneration of the endosperm tissue in the 
hybrid ovile. 

We developed a method to raise plantlets from 
these immature embyros. The technique involved 
dissecting the embryos from the hybrid ovules 
and placing them under sterile conditions on 135 
medium containing 2% sncros-, 0.8% agar, 0.25 
mg kinetin L, and 0.1 img naphthalene acetic 
acid (NAA) L-I.A higher proportit oioembryos 
developed into plantlets wvon nurse-endospern 
sacs or young embryos from the inaternal par-
ent, A. patycarpa, were placed adjacent to the 
hybrid embryos, and when the cultures were 
kept in the dark for one week after dissection, 
The p!antlets did not grow to full plants. We 
hope to pursue these studies. 

Cooperative Activities 

Asian Grain Legumes Network 

The Asian Grain Legumes Network (AGLN), 
known until 17 l)ecember 1986 as the Asian 
Grain Legume Program (AGI-P), was initiated 
at the beginning of 1986 to strengthen the col-
laboration between ICRISAT's Legumes Pro-
grain and scientists in Asia working on ICRI-
SAT's three mandate legume crops; groundnut, 
chickpea, and pigeonpea. The concept for this 
Network came from two meetings held at ICR I-
SAT Center, the Consultative Group Meeting 
for Asian Regional Research on Grain Legumes, 
11-15 December 1983.(ICRISATAnnual Report 
1983, p. 177) and the Review and Planning Meet-
ing for Asian Regional Research on Grain 
Legumes, 16-18 December 1985, (ICRISAT 
Annual Report 1985, pp. 210-211). 

The Coordinator of the Network was appointed 
on I January 1986 with an Office in the Legumes 
Program at ICRISAT Center. The Network has 
a special relationship with India because of the 
many cooperators associated with ICRISAT 
through 1CAR. The Coordinator visited the 
People's Republic of China in late 1985 and will 
visit again early in 1987. During 1986 the Coor
dinator visited all the other countries that are 
presently in the Network (Bangladesh, Burma, 
Indonesia, Nepal, Pakistan, The Philippines, Sri 
Lanka, and Thailand). Contact has been made 
with other countries in Asia and visits made to 
the IRepubllc of Korea, Japan, and Taiwan. 

These visits have been used to carry through 
the recommendations put forward by the Review 
and Planning Mecting mentioned above. Con
tacts were made to integiate AGLN activities 
with those of regional and international organi
zations. Preliminary surveys were made to deter
mine disease and pest incidence as a basis for 
recommending appropriate research activities. 
Enquiries were made on the need to collect 
germplasm of the three legume crops in each 
country. Plans were made with tire Regional 
Co-ordination Center for Research and Devel
opment of Coarse Grains, Pulses, Roots, and 
Tuber crops in the Humid Tropics of Asia and 
the Pacific (CGPRT) in Bogor, Indonesia, to 
conduct a socioeconomic survey of groundnut in 
Indonesia and Thailand. The need for joint spe
cial projects with national programs for basic 
studies were ascertained. Training requirements 
and personnel requiring training were identified. 
An indication of the agroclimatological data 
available in each country was obtained. These 
data can be used to identify agroecological 
zones, within which specific legume genotypes 
can be recommended. A genotype x environ
ment study, in conjunction with the Australian 
Centre for International Agricultural Research 
(ACIAR), was planned. 

The Director General of ICRISAT signed a 
Memorandum of Understanding (MOU) in 
Dhaka, Bangladesh on 9 September 1986 with 
the Director General of the Bangladesh Agricul
tural Research Institute and another in Ran
goon, Burma on 10 September 1986 with the 
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Managing Director of the Agriculture Corpora- requests. The performance of our short-duration 
tion. These MOU's indicate the interest these pigeonpea lines in these trials has been very 
countries have in collaborating with ICRISAT encouraging (Table 19). 
on research on grain legume crops, and will facil
itate tile movement of scientists and material 
between ICRISAT and these countries. ICRI- Use of ICRISAT Pigeonpea Wilt-resistance 
SAT already has MOU's with Pakistan, The Sources by National Programs 
Philippines, and Thailand. 

Fusarium wilt is a major disease of pigeonpea, 
not only in the Indian subcontinent, but also in 

National and International Trials eastern and southern Africa. To provide resis
tant lines for use by national breeding programs,

Arhar Regional Trial (ART). The Arhar seeds of lines that are found resistant at ICRI-
Regional Trial was initiated in 1981/82 to iden- SAT Center are shared with scientists in national 
tify medium-duration genotypes suitable for programs through cooperative, disease-resistance 
environments representative of the State of nurseries. For fusariun wilt, two such nurseries 
Andhra Pradesh in India. From 1984 the States have been operated for the past 6 years. The 
of Karnataka and Maharashtra have cooperated nursery in India is conducted jointly with ICAR 
and participated in this trial. These ARTs are and a separate nursery is provided to coopera
conducted not only Oi Vertisols, but also on tors in eastern Africa. 
Alfisols because there are large Alfisol areas in 
these states where pigeonpea can he grown. On ICAR/ICRISAT Uniform 'trial for Pigeonpea 
the basis of mean performance over 3 yars Wilt Resistance (IIU'TPWR). The results of 
ICPL 27), a wilt-resistant line, consistently out- this trial from 1981 to 1983 were reported last 
yielded the two conti'ol cultivars included in the year (ICRISAT Annual Report 1985, p. 209). 

-
trial on Vertisols, yielding 1.71 t grain ha con- The results of the trial for the next three seasons 
pared to 1.34 t grain ha-1 for BDN I and 1.51 t (1983/84 to 1985/86) are sun-marized here. 
grain ha- for C II. Consequently, this line will There was variability in the reactions of the lines 
be tested in adaptive trials in farmers' fields in across loc:itions; this may indicate variability in 
Andhra Pradesh and Karnataka. the pathogen (' udurn). However, ICP 9174 

On Alfisols, the shorter-duration lines -Iy 4 offers particular potential as it showed resistance 
and ICPL 95 performed better than the controls, (,20% wilt) in I I out of 12 locations tested. It is 
13DN I and C I I. These lines gave average yields now being used in resistance-breeding programs. 
that were 22% higher than the mean of the con- Six other lines also showed resistance at most of 
trols (0.93 t ha-') over 3 years' trials. These data the locations where they were tested (Table 20), 
clearly indicate that o, Alfisols, the shorter- indicating that they have boadbased resistance. 
duration genotyj, cs have .nadvantage over the 
traditional, medium-duration types because the International Pigeonpea Wilt Nursery (IPWN). 
latter suffer from terminal drought stress In This nursery has been grown in Kenya and 
addition to its high yield, ICPI. 95 has wilt Malawi since the 1980/81 season. During the 
resistance and we plan to test it in adaptive trials past 5 seasons, 222 entries that showed <20% 
in farmers' fields in the region. wilt at ICRISAT Center were evaluated in 

Kenya (Machakos) and Malawi (Limbe and 
Pigeonpea Observation Nurseries. As in pre- Lilongwe). Five lines, ICP 8864, ICP 9145, ICP 
vious years we offered the Pigeonpea Observa- 9155, ICP 10957, and ICP 10960, showed <20 % 
tion Nursery (PON) and adaptation yield trials wilt for 2 consecutive years in Kenya. In Malawi, 
to cooperators in Asia, Africa, and the Ameri- in tests at Limbe (4 years) and Lilongwe (I year), 
cas. We also supplied lines in response to specific 10 lines ICPV I (ICP 8863), IC1P 9142, ICP 9145, 
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Table 19. Performance in various countries of short-duration pigeonpea lines in trials supplied by
ICRISAT, 1985/86. 

Country/Location Counry/ ocaton 
Trial' 

Lines
Lnesyielding
tested 

Grain yield (t ha-1) 

Range Mean 

Highest

line 
Argentina (Salto) EPIT 14 1.26-3.52 2.15 ICPL 8311 

EPAY 17 0.83-2.38 1.82 ICPL 8311 
Argentina (Green villages) EPIT 14 1.69-4.42 2.88 ICPL 8324 

EPAY 18 1.64-3.85 2.63 ICPL 8321 
Burma EPIT 20 1.15-4.05 1.92 ICPL 87 
China PON 6 0.78-1.20 1.06 C 322 
Ethiopia (Alemaya) 
(Dire Dawa) 

PON 
PON 

6 
6 

0.40-1.67 
0.67-4.87 

0.91 
2.17 

ICPL 87 
ICPL 6 

Indonesia EPIT 16 0.41-1.55 1.07 ICPL 147 
Zimbabwe EPIT 20 1.61-3.76 2.84 ICPL_ 151 

EVPIT 10 1.54-3.35 2.50 ICPL 84039 
1. E :FFEarly maturity Pigeonpea International Trial. 

EPAY Early maturity Pigeonpea Adaptation Yield Trial. 
PON - Pigeonpea Observation Nursery.
EVPIT Early maturity Vegetable Pigeonpea International Trial. 

Table 20. Pigeonpea lines found to have broadbased resistance in the ICAR/ICRISAT Uniform Trial
for Pigeonpea Wilt Resistance (UTPWR) at 12 Indian locations, 1983/84, and 1985/86. 

Wilt reaction' 

Anni- Badna- Berham- Gul- ICRISAT Pudu-
Entry geri pur Baroda pur Delhi Dholi barga Center Kanpur kottai Ranchi Sehore
 
ICP 88482 S R R NT S R NT R R NT R RICP 8858 NT R R NT S NT R R NT R R RICPV 12 S R S NT R R R R R R R R
 
(ICP 8863)


ICP 9174 S R R R R 
 R R R R R R RICP 12745 S R R R R R S R R R R SICPL 84007 R S R R S R R R R R R SBandapalera S S R R R R S R R R R S 

Control 
ICP 2376 S S S S S S S S S S S S 

1. S =Susceptible (>20% plants wilted); R Resistant (<20% plants wilted); NT = Not tested. 
2. Also tested it Palem, and found to be resistant. 
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ICP 9156, ICP 10960, ICP 11295, ICP 11297, for resistance to sterility mosaic (SM) is carried 
ICP 11299, ICP 12733, and ICP 12738, showed out in fields under artificial epiphytotic condi
<20% wilt while the susceptible control, ICP tions. High and uniform incidence of SM is 
2376, showed >90% wilt in all years. created by inoculating 10- to 15-day-old seed-

This nursery has helped to identify good sour- lings with the disease using either the leaf
ces of wilt resistance for eastern Africa. Entry stapling or the infector-hedge technique.
ICP 9145, in addition to exhibiting wilt resis- During the past three seasons (1983/84 to 
tance in Malawi, has been found to have good 1985/86), 107 entries found resistant to SM at 
yield potential and is now being considered for ICRISAT Center were evaluated in ICAR/
on-farm testing there. ICRISAT Uniform Trials for Pigeonpea Steril

ity Mosaic Resistance (IIUTPSMR)at I I differ
ent SM-endemic locations in India. Ten lines 
showed resistance (<20% SM) at 6 or more of 

Use of ICRISAT Pigeonpea Sterility Mosaic the locations where they were tested (Table 21).
Resistance Sources by the Indian National ICP 10976 was tested at II locations and was 
Program resistant at 10 locations, being susceptible only 

at Bangalore. This line has been recommended 
At ICRISAT Center, large-scale screening of by A.ICPIP for use in the national resistance
pigeonpea germplasm and breeding materials breeding program. 

Table 21. The maximum percentages of plants that showed sterility mosaic symptoms in the ICAR/
ICRISAT Uniform Trial for Pigeonpea Sterility Mosaic Resistance (IIUTPSMR). Of 107 lines tested,
the 10 lines shown below were resistant (<20%) at six or more locations, 1983/84, and 1985/86. 

No. af 

Entry 
Badna-

pur 
Banga-

lore Dholi 
Faiza-
bad 

ICRI-
SAT 

Center Kanpur 
Pant-
nagar 

Pudu-
kottai 

Vara-
nasi 

locations 
where found 

resistant 

ICP 7035 
ICP 7234 
ICP 8862 

0 
0 
9 

22 
N' 
NT 

0 
NT 
NT 

17 
0 

10 

0 
0 
3 

5 
0 
2 

6 
0 
0 

28 
10 
13 

0 
NT 
NT 

7 
6 
6 

ICP 109762 2 62 13 4 0 18 II 3 6 10 
ICP 109772 0 28 37 15 0 5 17 28 0 7 
ICP 10984 2 49 42 7 0 0 5 0 15 7 
ICP 11049 
BSMR 235 

3 
0 

15 
22 

0 
30 

0 
10 

0 
0 

20 
13 

9 
9 

61 
63 

0 
5 

8 
6 

BSMR 258 0 35 64 18 2 88 8 69 5 6 
ICPL 8324 0 NT NT 13 0 8 0 0 NT 6 

Susceptible control 
BDN 1 100 63 85 99 100 87 37 100 100 

I. NT = Not tested. 
2. Also tested at Ludhiana and Vadodara, ICP 10976 resistant at both locations, ICP 10977 resistant only at Ludhiana. 
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Workshops, Conferences, 

and Seminars 


Pigeonpea Scientists' Meet 

We were pleased to welcome 30 scientists from 
outside ICRISAT, and several who were under-
going long-term training in our program, to a 
meeting that conce-.trated on the improvement
of medium-duration pigeonpea. This meeting 
was held at ICRISAT Center, 24-26 Nov 1986. A 
field tour of our trials was followed by presenta-
tions that highlighted our recent research find-
ings. The visiting scientists then presented brief 
reports of their activities in the improvement of 
medium-duration pigeonpea. In addition there 
were four special topics -- vegetable pigeonpea, 
pigeonpea in rice fallows, multilocational test-
ig, and a report on the findings of a question-
naire that had been completed by the partici
pants and others. The discussion on all these 
topics was lively and productive. Two ICRISAT 
videotapes were screened, one on Heliothiscon
trol using ULV insecticide application, and the 
other on sterility mosaic disease research. The 
visiting scientists spent a morning in our fields 
selecting plants and lines from which they would 
like to receive seed to sow at their locations next 
season. In the final session the visitors gave their 
views on how ICRISAT could be of greater 
assistance to their work. They voiced concern 
that our increased emphasis on short-duration 
pigeonpea will lead to a reduction in research on 
medium-duration types. We assured them that 
we would continue to devote substantial resour-
ces to medium-duration types but that some 
reduction was inevitable, 

Consultative Group Meeting for Eastern and 
Central African Regional Research on Grain 
Legumes 

This meeting was organized by ICRISAT at the 
International Livestock Centre for Africa (ILCA), 
Addis Ababa, Ethiopia, 8-10 Dec 1986. It was 

intended to develop an understanding of the
 
ongoing national and regional grain legume

research programs, with particular reference to
 
groundnut, pigeonpea, and chickpea, and to
 
develop plans for ICRISAT to participate in
strengthening and supporting these programs. 
Delegates from six countries in the region
(Burundi, Ethiopia, Kenya, Rwanda, Sudan, 
and Uganda) and from several research and 
donor agencies participated in the meeting. The 
delegates presented reports on their research 
results and plans. There was strong interest in 
strengthening pigeonpea research and devel
opment in the region, but particularly in Kenya
and Uganda where this crop is of major impor
tance. The importance of ICRISAT's role in 
providing germplasm accessions and training 
was emphasized. In a final unanimous resolu
tion, ICRISAT was urged to increase its research 
contributions by establishing a physical presence 
in the region. 

Eptomologists' Travelling Seminar in Thailand 

An entomologists' travelling seminar (6-12 Sep
tember, 1986) was organized by our AGLN 
Coordinator and national scientists in Thailand. 
This followed the workshop on Food Legume 
Improvement for Asian Farming Systems or
ganized by ACIAR at Khon Kaen. Two ento
mologists from ICRISAT'joined 14 entomolo
gists and other scientists from Thailand, Austra- .. 
lia, and the USA on a tour of pigeonpea and 
groundnut crops growing in research stations 
and farmer's fields in the north of the country. 
No pigeonpea was seen in farmers' fields. On 
research stations the pigeonpea was severely 
damaged by pests including M. testulalis, 
M. obtusa, and C.g;bbosaeven though insecti
cides had been intensively used. The entomolo
gists exchanged information and ideas during 
their travel and all agreed that this seminar was 
very useful. 
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Looking Ahead the improvements in specific plant characters 
necessary to improve yield. This will largely 
involve detailed examination of existing data 

We intend to further intensify our efforts to but will also include experiments on such factors 
develop short-duration pigeonpea with high and environmental control of pod Weas set. will 
stable yields. We will also search for increased continue to develop optimum agronomic prac
photoinsensitivity in these types. The adaptation tices for new plant types, such as dwarf, short
ofshort-duration genotypes to new and nontrad- duration pigeonpea for northern India.
 
itional environments and cropping systems will 
 Experiments will continue on the interactions 
be studied iiicollaboration with scientists between nutrition and soilin mineral moisture 
ICAR and eastern Africa. We also hope to coop- availability in pigeonpea. We are also continuing 
crate with these and other scientists in genotype studies on optimizing the benefits of symbioses 
x environment studies. Our work on short- of' Rhizobhmuand mycorrhizae with pigeonpea. 
duration hybrids ll be confined to the conve,- The search for genotypes more tolerant to salin
sion of new lines to male sterility, and the devcl- itv will continue. 
opment and testing of' a limited number of In order to facilitate more situdics on basic 
experimental hybrids. Emphasis oi short- aspects ofsLch major diseasesas sterility mosaic,
duration vegetable types will he incre:,Ied We wilt, and plhytophthora blight, our pathology
will investigate the potential of new plant types, projects have been reorganized into three proj
such as dwarfs and single-culm plants. [he ects covering basic aspects, and one project on 
incorporation of resistances to biotic and abiot ic applied aspects of host-plant resistance. In the 
stresses in all duration types will continue to be case of sterility mosaic, the causal agent has not 
of high priority. International testing and col- yet been unambiguously identified and we will 
laboration with national programs and regional co nt in te our efforts on ideintification and on 
networks will be focussed in eastern and south, understanding the epidemiology of the disease. 
ern Africa, Southeast Asia, and the Caribbcan, Studies on factors affecting pigeonpea wilt will 
with emphasis on adaptive trials. Our medium- be undertaken in addition to studies on the race 
duration, high-protein lines will be tested for situation and on the perfect stage of the wilt 
stability and productivity in India and other fungus. Efforts to identify sources of resistance 
countries in Southeast Asia. An intensive eval- to the P3 isolate of phytophthora blight, and to 
uation of medium- and long-duration germ- understand the epidemiology of blight disease 
plasm accessions will be carried out to examine will be continued. Work on identification ofvar
their potential across a range of environments. ious !eaf spot diseases affecting pigeonpea will be 
Population improvement in medium-duration undertaken. Screening for multiple disease resis
types and disruptive selection in short-duration tance and its utilization wiii continue to receive 
pigeonpea will be continued. The quality major attention. 
parameters, and the acceptability and market- A nematologist was recruited to our staff at 
ability of vegetable-type pigeonpea will be inves- the end of 1986. He will assess the crop losses 
tigated to further sharpen our breeding and caused by nematodes and screen our materials 
development efforts. for resistance to these pests.

Our agronomists will give major research In entomology, we intend to further strength
emphasis to identifying both short- and me- en our research on screening for plant resistance 
dium-duration genotypes that perform better in to ttcliothis and other lepidopteran borers at 
environments where moisture is limited. The ICRISAT Center and at Hisar. We will also 
observed genotypic variation in response to JiC'- devote more resources to our studies of plant
feringmoisture availabilities indicates good scope resistance to podfly at Gwalior. Our studies of 
for genetic enhancement of drought resistance, the mechanisms of such resistances will be con-
Considerable effort will also be given to defining tinued. We will evaluate and review our research 



210 Pigeonpea 

on the populations and movements of Heliothis 
in collaboration with TDRI. We hope to com
plete the current phase of our ec'nomic thresh
old studies on this crop in the coming year. 

Our biochemists will evaluate new food prod
ucts incorporating pigeonpea and study their 
consumer acceptance in comparison with soy
bean and cowpea, in order to unhance the utiliza-
tion of pigeonpea in Africa and Asia. The nutri-
tional potential of such products will also be 
compared. The effect of cooking on protein 
digestibility in pigeoiipea will also be studied. 

The AGLN will collect the names of scientists 
and adninistrators in Asian countries interested 
in research on groundnut, chickpea, and pigeon-
pea, will produce a Directory of these AGLN 
cooperators, and will make available an infor-
tuation bank for the cooperators. The AGILN
will also work toward involving ICRISATscien

tists in grain legume research planning meetings 
in Asian countries that will further coordinate 
our research activities with those in national 
piograms. This coordination will be aimed at 
developing appropriate national and regional 
trial networks for groundnlut, chickpea, and 

ilpigeonpea. Where appropriate the AGLN will 
provide financial assistance to these trial net-
works. The AGLN will continue to promote the 
training of' legUtnC scietists frotm Network 
countries. Attempts will be made to complete the 
signing of MOU's with all countries associated 
with the AGL-N. 

We hope to further strengthen our inputs and 
collaboration in the several countries of Africa 
that are interested in improving their pigeonpea 
crops. 
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GROUNDNUT
 

Production of groundnut in the semi-arid trop-
ics (SAT) exceeds that of any other legume and 
comprises 70% of the world production of this 
important food and cash crop. The seeds contain 
approximately 25% protein and 50% edible oil, 
the haulns arc a valuable and nutritious animal 
feed, and shells can be used to manufacture par-
ticle board, as a filler in animal feeds, or as fuel. 
Th. average yield of groundnut in the SAT 
(around 0.8 t ha- I ofd ried pods) is lower than the 
world average (estimated at !.1 t ha I of dried 
pods in 1985), and much lower than the yields of 
over 3 t ha-1obtained in developed countries, 
The low yields in the SAT are due to low and 
unreliable rainfall, and to damage by pests and 
diseases. 

During the 1985, 86 postrainy and 1986 rainy 
seasons, we cont inuned research on drought and 
nutrient stresses, and on disease and pest prob-
Icts. [lie major emphasis of our research has 
continued to be the use of genetic diversity in 
groundnut and its wild relatives to breed for 
stable resistance or toleram. to the major yield 
reducers. 

Physical Stresses 

Drought
 

Drought Recovery Responses 

In the 1984/85 postrainy season, in collabora-
tion with scientists from the University of Agri-
cultural Sciences, Bangalore, we investigated 
genotypic differences in recovery response from 
mid-season drought (ICRISAT Annual Report 
1985, p. 217). In six gcnotypes, we measured the 
amount of prolinc in the leaf, stem, and roots of 
drought-stressed plants before rewatering, and 
the recovery growth rate (growth analysis at 10-
day intervals) following the irrigation that re-
lieved the stress. Proline accumulation in the 
vcg tative parts immediately before drought 

alleviation was closely associated with an increase 
in shoot biomass in the 10 days following the 
irrigation (Fig. I). More investigations are needed 
to understand this result. 

Rooting Differences of Cenotypes 

We subjected 10 selected genotypes to end-of
season drought by withholding water from 92 
days after sowing (DAS) to 123 DAS (final 
harvest). For five of these genotypes, available 
soil water was monitored at weekly intervals 
using neutron probes at 15-cm intervals through 
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Pon accumu0ted0i 
Proline accumulated in
 

-vegetative structures (mg m 2) 

y = 82.8 (±25.70) - 0.178 (±0.0776)x 
+ 0.00015 (±0.000054)x2 

Figure 1. Relationship between proline accu
mulated (mg M 2 ) and growth over 10 days after 
recovery irrigation in six groundnut genotypes, 
ICRISAT Center, postrainy season 1984/85. 
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the soil profile from 0-105 cm deep. The total 
water extracted throughout the season was sine-
ilar for all five genotypes. But, genotypes did 
differ in their rate of water extraction from dif-
ferent soil profiles. NC Ac 17090 was superior to 
the others in the speed with which it extracted 

a. 0-15 cm horizon. 

E 16- NC Ac 17090 
E ICG\' 86707 

1 M 

i¢ 12 \ I EC 76 446(292) 

. T NI V 2 


10 
.f ISF. 

90 100 110 120 130 
Days after sowing 

b. 90-105 cm horizon. 

24 t 

" " 22-T 

20"SE 
E 

•.8-

.'l6 -. 

. 14 , 

'N2interaction 

10-. 

8 13I 
90 100 110 120 3 

Days after sowing 

Figure 2. Genotypic differences in soil water 
extraction by five groundnut cultivars from two 
soil horizons (a. 0-15 cm, and b. 90-105 cm) 
during endseason drought, ICRISAT Center, 
postrainy season 1985/86. 

water from the surface layers (Fig. 2a), thus con
firming earlier observations made in collabora
tion with scientists from Nottingham University, 
UK (ICRISAT Annual Report 1985, p. 2 17). 
This factor accounts for the greater water-use 
efficiency of NC Ac 17090 in conditions of fre
quent surface wctting by light rains, as at Anan
tapur (ICRISAT Annual Report 1985, p.2 16). 
lv 97 DAS IC(iV 86707 extracted water sooner 
from deeper zones (Fig. 2b) and so survived with 
green foliage for longer than the other geno
types. However, it should be noted that thisattribute of ICGV 86707 is associated with low 

yield potential under well-watered conditions. 
The d rought-susceptible genotype EC 76446(292) 

was the least efficient in extracting water from 
deeper soil zones. 

Effects of Sowing Depth and Application of 
Anti-evaporant on Drought Responses 

I.arlier work showed that about 20% yield loss in 

groundntt crops occurs because the farmer sows 
deep to ensure stand establishment in the event 
of unfavorable moisture conditions in the topsoil horizon (ICRI SAT Annual Report 1984, 

p.221). We therefore investigated the use of a 
compound that retards evaporation to control 
drying in tile tipper layers of the soil. For a fewdays after spraying with this long-chain alcohol 

the upper horizon in plots sprayed with evapora
tion retardant had more water than that in non

treated control plots. This maintenance of water 
content improved gcrminat ion (Fig.3) from shal

low (5 cm)-sown seed. We also investigated the 
between depth of sowing and subse

q uent drought stress. Seeds of cultivar .1II were 
sown at two depths (5 cm and 10 cm) and irri
gated using the line-source sprinkler system.
Deep sowing reduce(] pod yields by 30% across 
most water deficits (Fig. 4a), and growth analy
I;s showed that this effect was due to lower crop 

growth rates after emergence. Acetylene reduc
tion activity decreased with increasing water 
deficit (Fig. 4b), and the deeper-sown crop 
always had lower acetylene reduction activity 
than the shallow-sown crop at all water deficits. 
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Figure 3. Effect of evaporation retardant and 
water sprays on emergence of groundnuts sown 
5 and 10 cm deep, ICRISA F Center, posirainy 
season 1986. 

Biotic Stresses 

Foliar Fungal Diseases 

The lo\ and irregular rainfall in the 1986 rainy 
season did not favor development of rust or 
leaf spot diseases but levels of rust (PUccinia 
arachidis)and late leaf spot (Phacoisariopsis 
personata) were sufficiently high to permit effec-
tive resistance screening of germplasrn acces-
sions and breeding lines. 

Resistance Screening 

In 1986, from 2060 germplasm accessions we 
identified 60 with resistance to rust and/or late 
leaf spot and these will be screened again in the 
1987 rainy season. 
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Figure 4. Effect of water deficit (%)on: a. pod 
yield (t ha-'), and b. acetylene reduction activity 
(pu moles ethylene h- I m-2) in groundnut cultivar 
J 11 sown 5 and 10 cm deep, ICRISAT Center, 
1986. 
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In advanced screening trials the resistance of 
46 germnplasm accessions to rnst or late leaf spot 
diseases was confirmed for a 2nd year. This 
material now provides a wide range of pod types 
and seed colors for use in resistance breeding. 

Resistance Breeding 

Yield trials at Bhavanisagar. In the 1985/86 
postrainy season at Bihavanisagar we evaluated 
124 selections resistant to rust and/or late leaf 
spc t for yield Using the rust-resistant parent NC 
Ac 17090 and the foliar diseases susceptible ctil-
tivars Kadiri 3(Robut 33-1), .IL 24,and ICGS II 
as controls. Several ofthe selections significantly 
outyielded the national control JIL 24 and ICGS 
11, but only two ofthen significantly outyielded 
all four control cultivars. 

Yield trials at ICRISAT ('enter. In the 1986 

tion of 151 rust- and/or late leaf spot-resistant 
selections. Eighty-two 
yielded tle national 
selections outyiclded 
(NC Ac 17090). 

We also evaluated 
with rust and/or late leaf spot rcsistance and with 
tolerance to such stress factors as leaf-miner, 
jassids, bud necrosis disease(BND), and drought. 
Nineteen selections significantly outyielded the 
national control (,i. 24), and two selections, 
ICGV 86708 and ICGV 86687, also significantly 
outyielded the rust-resistant parent NC Ac 17090. 

Multilocational yield trials. We conducted 
in tilt ilocational yield trials wit 11116 rust-and/ or 
late leaf spot-resistant advanced lines under 
high-and low--input conditions (high input = 60 
kg 1P20 S la- I, with supplemental irrigation, and 
control of insect pests low input : 20 kg !,()5 

resistant selections out
control (J L 24), and 15 
the rust-rcsistant control 

the yield of 22 selections 

rainy season we made apreliminary yield eva.llua.- hai ,rain fed, and with no insecticide applica-

Table 1. Performance of somne rust-and/or late leaf spot-resistant groundnut selections, niultiloca
tional trials', rainy season 1986. 

Disease scores 2 

Pod yields (t ha-') Late Shelling 
Entry Original name ICRISAT Bhavanisagar Hisar Mean Rust leaf spot %.I 
ICGV 86671 ICG (FDRS) 185 
ICGV 86673 ICG (FDRS) 186 
ICGV 86674 ICG (FI)RS) 187 
ICGV 86584 ICG (FI)RS) 68 
ICGV 86685 ICG (FDRS) 195 
ICGV 86665 ICG (FDRS) 180 
Controls
 
NC Ac 17090' 

JL 245 

ICGS 115 


SE 

Trial mean (36 entries) 


CV(%) 


Efficiency over RBD 


3.43 4.37 5.51 4.437 4 5 68 
3.30 4.79 4.08 4.060 3 5 69 
3.06 4.42 4.15 3.877 4 5 65 
3.11 3.96 3.94 3.670 3 6 68 
2.86 3.73 4.31 3.633 3 7 56 
2.79 3.39 3.94 3.373 3 6 58 

2.61 2.68 4.02 3.103 3 6 65 
1.65 3.57 3.52 2.913 9 9 74 
1.74 3.16 3.57 2.820 9 9 70 

±0.17 ±0.28 ±0.36 t0.3 ±0.3 

2.54 3.21 4.07 4.32 6.36 

11 15 15 1I 8 

114 100 108 

I.6 ,6 lattice design, plot size 4.8 m2 .

2. Field disease scored at ICRISAT Center on a 1-9scale, ,vhere I = no disease and 9 =50-100% foliage destroyed.
3. Based on I kg bulk samples from Bhavanisagar.
4. Rust-resistant. 5. Rust- and lateleaf spot-susceptible. 
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tion) at ICRISAT Center and at four other interspecific hybrid derivatives with resistance to 
ICRISAT cooperative subcenters, Dharwad, rust and late leaf spot. Those that significantly
Anantapur. Hisar, and i3havanisagar. At HIisar outyielded the control cultivars at ICRISAT 
and l3havanisagar the trials received supplemen- Center last year (ICRISAT Annual Report
tary irrigation. The rainfed trials at Anantapur 1985, p.220) were further evaluated in the 1986 
and ICR ISAT Center failed becausC of severe rainy season in a multilocational trial at ICRI
drought, and those at l)harwad were adversely SAT Center, Hisar, Bhavanisagar, Dharwad,
affected. Iod yields of sonm of the lines under and Anantapur. At ICRISAT Center, the trial 
irrigated conditions at ICR ISAT'Ccnter, Bhava- was conducted both in irrigated and rainfed 
nisagar, and Hisar arc given in Table 1.ICV conditions, and the trial at HIisar and Bhavani
86671 gave the hig,,hest pod yield of 5.51 t ha-' at sagar received supplemental irrigation, but it 
Hisar. Its mean pod yield over the three loca- failed at Anantapurdue to severe drought. Table 
tions was also tile highest. In comparison, the 2 shows yields of some of the promising in:erspe
national control .11. 24 produced 3.52 t ha-1 at cific derivatives at different locations. Selection 
1Itisar and 2.91 t ha-- on an overall mean basis. CS 29/ I-B,-B,-B,-B, yielded 6.28 t pods ha - 1at 

lisar and had a mean yield of 2.98 t pods ha-' 
Evaluation of interspecific hybrid derivatives, over all locations, compared to 3.52 at Hisar and 
We continued to select good plant types from an overall mean of 2.64 t ha -' for JL 24. 

Table 2. Performance of some rust-and/or late leaf spot-resistmnt interspecific hybrid groundnut 
derivatives in multilocational trials', rainy season 1986. 

Disease scores' 

Pod yields (t ha-') ICRISAT Center Hisar 

Blihavani- Late Late 
Entry Pedigree ICR ISATI itL:,ar' sagar 2 Dharwad - Rust leaf spot leaf spot 
ICGV 86699 
ICGV 86686 
ICGV 86695 
ICGV 86694 
ICGV 86701 
ICGV 86700 
ICGV 86688 

CS 29/ I-B,-B,-B,-B , 
CS 13-13,-B,-,43 
2024-i133-13,43,-13, 
904/1-13-,B13,-B, 
978-13,3,-13,B, 
CYS-Pl39-13,-BlB,-I 
CS 9-13,-h-t,-ti, 

3.15 
2.87 
2.53 
2.86 
2.47 
2.75 
2.99 

6.28 
5.19 
5.49 
5.10 
6.02 
5.35 
'5u. 

3.63 
3.85 
3.69 
4.12 
2.86 
3.68 
3.39 

2.85 
2.68 
2.66 
2.19 
2.91 
2.41 
2.66 

4 
5 
4 
4 
4 
4 
4 

5 
6 
6 
6 
5 
5 
4 

2 
3 
2 
6 
3 
2 
2 

IC(iV 86687 
ICGV 86694 

CS I6-B,-B2-B,-I3, 
904-l3,-B,-B,-B, 

2.86 
3.18 

5.21 
5.10 

3.30 
3.50 

2.65 
2.23 

4 
4 

5 
6 

2 
5 

Controls 
NC Ac 17090-
Jt, 241 
Kadiri 36 

2.58 
1.58 
1.51 

4.57 
3.52 
2.75 

3.15 
2.97 
2.94 

2.75 
2.50 
2.77 

4 
9 
9 

7 
9 
9 

5 
8 
7 

SE ±0.2! ±0.50 ±0.32 ±0.21 ±0.3 ±0.4 ±0.4 
Trial mean (18 entries) 2.62 4.87 3.89 2.61 5 6 3 
CV (%) 14 18 16 14 10 11 22 

1.RBD, plot size 4.8 ni-. 
2. Rainfed with supplementary irrigation, 
3. Rainfed. 
4. Field disease scored on a 1-9 scale, where I =no diseases and 9 50-100% foliage destroyed. 
5. Rust-resistant. 6. Rust- and late spot-susceptible. 
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Photoperiod and Foliar Diseases 

Research into interactions between daylength 
and foliar diseases is reported in the section on 
Adaptation. 

Soilborne Fungal Diseases 

The Aflatoxin Problem 

Effects of drought. Inafield trial at ICRISAT 


Center in ttle 1985/86postrainyseason, weagain 
examined tile effects of drought on preharvest 
seed invasion by Aspergillus Ilavus. We used 
eight groundnut genotypes, four with resistance 
to in vitro colonization of rehydrated, stored, 
mature seeds by A. la vus in laboratory inocula-
tion tests (IVSCAF), and four susceptible ones. 
Late-season drought (from 95-125 I)AS) signifi-
cantly increased infection by A. thlavus in seeds of 
all tile genotypes we tested (Table 3), levels of 
infection being of tile same order as those 
recorded in the 1984,/85 post rainy-season trial 
(ICRISAT Annual Report 1985, p. 221). We 
found significant differences between genotypes 
in seed infection by A. flav'us; the IVSCAF
resistant genotypes had lower levels of seed 
infection by this fungus at lifting than the 
IVSCAF-susceptible ones. 

Effects of drought intensity on seed infection by 
A. flavus. In the 1983/84 and 1985/86 post-
rainy seasons, we examined tile effects of differ-
ent drought intensities on seed infection by A. 
ilvus in various groundnut genotypes. Thirty-
six genotypes were used in the 1983/84 season 
and 20 in the 1985/86 season. Adequate irriga-
tion was applied to tile entire experiment tip to 
95 DAS, then a line-source sprinkler itrigation 
system was used to create a gradient of water 
deficit from beds I to 10, bed I receiving full 
irrigation and bed 10 receiving a negligible quan-
tity of water. Plants were harve ted at 125 DAS 
and arranged in windrows with pods exposed to 
dry for 2 days. Mature pods were then picked 
from the plants and sun-dried to a seed moisture 
content of 7-8%. We tested 100 seeds from the 

Table 3. Preharvest seed infection by Aspergil
lus flavus in eight groundnut genotypes grown
under full irrigation and with drought stress, 
ICRISAT Center, postrainy seasn 1985/86. 

Seed infected by A..*flavus (%) 

Full No irrigation from
Genotype irrigation 95-125 DAS 

IVSCAF-resistanti
 
Ah 7223 0.0 (0.0)2 0.8 (5.2)
 
J 11 L.C (5.7)
UF 71513 0.00.0 (0.0)(0.0) (6.2)1.2 

PI 337394F 0.5 (3.3) 1.1 (7.3) 

SE (±0.39) 
IVSCAF-susceptible 
TMV 2 1.0 (5.6) 3.7(11.0) 
Gangapuri 3.0 (9.9) 9.5(17.9) 
NC Ac 17090 4.5(12.2) 13.3(21.4) 
EC 76446(292) 3.7(11.0) 16.7(24.1) 
SE (±0.47) 

1.IVSCAF in vitro seed colonization by A.Jlavus. 
2. Values in parentheses are arc sine transformations. 

dried pods from the 2nd, 4th, 61h, 81h, and 10th 
beds, in each replication, for infection by A. 
Ila vus. 

In all genotypes, seed infection by A. Ilavus 
increased with increasing water deficit in both 
seasons (Tables 4 and 5). Regression analyses 
showed a significant (P .< 0.05) linear relation
ship between the levels of water deficit ond seed 
infection by A. Havus for all genotypes. Geno
types differed significantly for A. tlavus seed 
infection across all water deficits. Gcnotypes 
TMV 2, Gangapuri, Kadin 3 (Robut 33-1), and 
M 13, and all II interspecific hybrids derivatives 
were susceptible to A. lavus.The genotypes Ah 
7223, .1 I1,Exotic 6, U 4-47-7, and C 55-437 
showed low levels of seed infection across water 
deficits in both seasons. The use of this line
source irrigation method permits simultaneous 
screening for A. flavus seed infection and for 
drought tolerance, and this is particularly im
portant since the two factors interact. 
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Table 4. Seed infection by Aspergillusflavus of groundnut genotypes grown under different drought
intensities (expressed as percentage water deficit) at ICRISAT Center, postrainy season 1983/84. 

Seed infected by A. flavus (%) 

Water deficit (%) 

48 62 80 96 99 Variance t 
Genotype Bed 2 Bed 4 Bed 6 Bed 8 Bed 10 (%) 
Ah 7223 
J 11 
U4-47-7 
Exotic 6 
C55-437 
UI-2-1 
EC 102971 
Faizpur 
Monir 240-30 
Var 27 

0.02 
0.0 
0.7 
0.0 
0.0 
0.3 
1.3 
0.7 
1.3 
1.3 

;.0 
0.3 
1.0 
0.7 
1.3 
1.3 
1.3 
1.3 
3.0 
3.0 

1.7 
1.3 
2.0 
1.7 
2.3 
3.3 
2.7 
2.7 
3.7 
3.7 

3.0 
1.3 
2.7 
2.3 
2.3 
4.0 
3.7 
4.0 
5.0 
6.3 

2.7 
3.0 
3.3 
3.0 
3.3 
4.3 
5.0 
6.3 
6.7 
7.3 

73.1 
58.1 
58.9 
86.2 
76.5 
86.1 
72.4 
77.0 
81.7 
84.0 

NC Ac 841 
26-5-2 
GFA spanish 
U4-4-1 
J II x Kadiri 3 
NG 387 
Virginia Bunch Uranale 
Local 3 
Sir of Bizapur 
KG 61-240 

2.3 
2.0 
2.0 
2.3 
2.0 
1.7 
3.0 
2.3 
2.7 
3.3 

4.0 
3.0 
3.0 
3.3 
2.7 
2.0 
4.7 
3.7 
4.3 
6.0 

5.0 
4.7 
5.7 
5.0 
4.7 
4.3 
7.7 
5.7 
6.0 

10.7 

6.7 
5.7 
6.7 
6.7 
6,3 
6.7 
6.7 
7.7 
7.0 

16.7 

7.7 
7.7 
7.7 
8.0 
8.7 
9.0 
9.0 

10.0 
11.3 
22.0 

77.0 
76.2 
86.5 
83.7 
73.1 
77.5 
66.0 
80.2 
67.8 
84.7 

CS I 
CS 2 
CS 9 
CS 11 
CS 16 
CS 30 
CS 31 
CS 32 
CS 36 
CS 37 

3.3 
4.3 
4.0 
4.3 
2.7 
3.7 
3.7 
3.7 
4.0 
5.0 

6.3 
6.0 
6.3 
6.3 
5.3 
7.0 
6.0 
5.7 
6.0 
7.3 

9.7 
10.7 
10.7 
9.7 
9.0 

11.3 
11.7 
7.3 
8.7 

11.0 

13.7 
15.3 
17.0 
14.0 
14.0 
15.0 
15.0 
8.0 

14.7 
19.0 

22.0 
22.3 
25.3 
18.3 
18.3 
17.3 
18.7 
14.3 
20.0 
26.0 

70.3 
77.6 
76.4 
75.3 
82.4 
86.7 
73.3 
53.6 
78.0 
79.4 

CS 52 
TMV 2 
Gangapuri 
Kadiri 3 (Robut 33-1) 
M 13 
EC 76446 (292) 

5.7 
2.7 
3.3 
2.7 
3.3 
6.0 

7.0 
4.0 
5.3 
4.7 
5.3 

10.0 

11.3 
6.3 
7.7 
7.3 
8.3 

17.7 

15.7 
9.0 

12.0 
8.3 

11.0 
23.7 

22.0 
9.7 

16.7 
11.0 
15.0 
29.0 

76.0 
68.3 
64.4 
73.8 
77.0 
88.3 

SE ±0.5 ±0.7 ±1.1 ±1.1 ±1.3 

CV (%) 31 30 28 21 18 
1. Percentage variance of A, flavus infection levels accounted for by the linear regression of water deficits. 
2. Zero values not used in calculation of SE. 
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Table 5. Preharvest seed infection by Aspergillusflavus at different drought intensities (expressed as 
percentage water deficit) in 20 groundnut genotypes, ICRISAT Center, postrainy season 1985/86. 

Seed infected by A. flavus (%) 

Water deficit (%) 

36 46 73 96 99 Variance' 
Genotype Bed 2 Bed 4 Bed 6 Bed 8 Bed 10 (%) 

Ah 7223 0.02 0.0 1.3 2.7 2.7 88.8
 
J 11 0.3 1.7 
 1.7 3.0 2.7 67.2 
U4-47-7 0.0 0.0 1.0 2.0 2.7 90.2 
Exotic 6 0.3 0.7 1.0 2.3 1.7 60.1
 
C55-437 0.0 1.0 
 2.3 3.0 3.0 92.3
 
UF 71513 0.0 
 0.3 1.7 2.3 3.0 73.0 
P1 337394F 1.0 2.72.0 3.0 3.7 80.2 
UI-2-I 0.0 2.0 2.3 2.7 3.7 62.2
 
Faizpur 2.7 6.0 
 7.3 10.0 9.3 78.1
 
Var 27 2.3 3.3 4.3 5.7 
 5.7 79.9
 
26-5-2 2.0 3.3 4.7 
 4.7 5.3 44.9 
GFA spanish 1.3 3.3 4.7 4.7 5.0 61.6
 
J 11 x Kadiri 3 3.0 4.3 
 5.3 6.7 9.0 73.0 
NG 387 0.0 0.7 1.7 2.0 2.3 59.9
 
Local 3 
 3.0 4.0 4.3 5.0 6.7 48.8 

Sir of Bizapur 1.3 3.3 4.7 5.3 5.7 81.3 
TMV 2 1.7 2.3 5.0 5.7 5.3 66.2
 
Gangapuri 3.3 6.0 
 8.0 8.7 10.3 72.7 
NC Ac 17090 5.3 10.7 17.0 22.0 24.3 91.1 
EC 76446 (292) 6.7 13.7 20.0 28.0 29.3 91.1 

SE ±0.5 ±0.9 ±0.8 ±0.6 ±0.6 

CV (%) 33 2829 16 16 

I. Percentage variance of A. flavus infection levels accounted for by the linear regression of water deficits. 
2. Zero values not used incalculation of SE. 

We continued screening germplasm accessions nut germplasm accessions and breeding lines 
for resistance to aflatoxin production following for resistance to preharvest seed infection by
colonization of seeds by aflatoxigenic strains of A. flavus. Severe to moderate drought occurred 
A. flavus, using techniques previously described during pod maturation in both seasons. Levels 
(ICRISAT Annual Report 1981, pp. 171 and of seed infection ranged from 2to 38%. The most 
173). Tests on seed of 108 genotypes grown in the resistant genotypes will be further screened in 
1985/86 postrainy season showed that geno- the 1987 rainy season. 
types supported aflatoxin B, production to lev- Of the several sources of resistance to infec
els ranging from 20 to 134 tig g-1 of seed. tion by A. flavus identified in the 1984 season, 

some were further tested in the 1985 and 1986 
Resistance screening in the field. In the 1985 seasons, and we confirmed resistance in a few 
qnd 1986 rainy seasons, we screened 401 ground- genotypes, e.g., Exotic 6. 
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In the 1985/86 postrainy season 432 germ- resistant genotypes and high-yielding adapted
plasm accessions were grown in an Alfisol field lines. 
under late-season drought (95-125 DAS). Levels We tested sound mature kernels of 200 breed
of seed infection by A. flavus ranged from I to ing lines from the 1985 rainy season replicated
47%. We selected five genotypes that had less field trials in 1986 for in-vitro resistance to inva
than 2% seeds infected for further evaluation. sion of rehydrated seeds by A. flavus. Data from 

one such trial are presented in Table 6. The yield
Breeding for resistance. 1985/86 levels low due to butDuring the were drought, the five 
postrainy and 1986 rainy seasons, we grew 764 selected breeding lines showed levels of seed 
bulk selections derived from A. fIavus-resistant x colonization comparable to those of the A. /a
adapted line crosses and made 529 selections vus-resistant lines, J II and UF 71513. 
based on pod yield, pod shape, and other agro- In 1986 we made 18 new crosses using high
nomic characteristics. These selections will be yielding lines and VRR 245 and U 4-7-5, the two 
evaluated for in-vitro resistance to invasion of' lines reported to support only low aflatoxin pro
rehydrated seeds by A. flavus and for yield dttction (ICRISAT Annual Report 1984, p.
potential. We made 1320 single-plant selections 210). 
in 66 1-,populations of crosses between A. Tnavus-

Table 6. Aspergillus flavus seed colonization (SC) and pod yield (t ha-').of selected groundnut
breeding lines resistant to A.flavus grown in three environments at ICRISAT Center in the 1985 rainy 
season, and tested for seed colonization in 1986. 

Grown on Alfisol Grown on Vertisol 

LI 2HIl LF Mean
 
Genotype SC (%) Pod yield SC (%) 
 Pod yield SC (%) Pod yield SC (%) Pod yield
 
ICGV 86717 8.9 1.31 14.9 0.97 28.6 
 0.70 17.5 0.99
ICGV 86718 16.0 1.00 15.6 0.80 7.2 0.95 12.9 0.91
 
ICGV 86719 12.8 0.82 14.3 0.92 14.5 
 0.98 13.9 0.90 
ICGV 86720 13.3 0.77 13.7 0.78 25.6 0.84 17.5 0.79 
ICGV 86721 15.7 0.82 22.6 0.63 15.1 17.80.98 0.81 

Controls
 
J 1li 8.7 0.55 10.0 0.41 10.5 0.54 9.7 0.50

UF 71513-1I 
 12.9 0.70 12.4 0.46 15.8 0.86 13.7 0.68 
JL 24' 52.0 0.73 43.8 0.59 50.6 0.50 48.8 0.61
 
Kadiri 34 
 30.7 0.91 32.2 0.76 52.3 0.67 38.4 0.78 

SE ±3.6 ±0.06 ±2.7 ±0.08 ±3.2 ±0.06 
Trial mean 28.8 0.72 29.6 0.62 34.9 0.70
 
(64 entries)
 

CV (%) 22 14 16 22 16 14
 

Efficiency(%) 98 
 118 103 100 118 101 

1. HI High input (60 kg P20 5 ha-'), with irrigation and insecticide sprays.
2. LI = Low input (20 kg P205 ha-'), rainfed without insecticide sprays. 
3. Resistant to seed colonization by A.flavus. 
4. Susceptible to seed colonization by A.flavus. 

http:ha-').of
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Stem and Pod Rots 

We screened 308 germplasm accessions, inter-
specific hybrid derivatives, and breeding lines 
for resistance to stem and pod rots caused by 
Sclcrotium rolfsiiina replicated trial in a Ver-
tisol field during the 1985/86 postrainy season. 
Sorghum stubble was incorporated in the soil 
around plants to enhance the inoculum potential 
of S. rolfsii. Inoculum of the fungus raised on 
autoclaved groundnut shells was also applied to 
the soil to increase the number of infection foci. 

We found significant differences among geno
types for incidence of stem rot and pod rot. The 
incidence of stem rot in different genotypes var
ied from 3.4 to 47.8%, and for pod rot from 7.2 to 
81.4%. The cultivar Kadiri 3(Robut 33-1), sown 
after every 10 test genotypes, showed consis
tently high incidences of stem rot (30-42%) and 
pod rot (50-85%). Two interspecific hybrid de
rivatives and a breeding line that had low levels 
of stem rot (<12%) and pod rot (<13.5%) were 
selected for further evaluation in the 1986/87 
postrainy season. 

Table 7. Sources of resistance to the groundnut pod disease caused by the nematode Tylenchorhyn
chus brevilineatus, farmer's field trials near Tirupati, Andhra Pradesh, India, 1985/86. 

Genotype Identity 

ICG 1697 NC Ac 17090 
ICG 4110 A1 7864 
ICG 6322 RMP 12 
ICG 7889 PI 393517 
ICG 7897 PI 405132 

ICG 7898 PI 407454 
ICG 10933 WO RTY ICHYIRICAD 
ICG 10939 X 1-21-B 
ICG 10943 X 1107-2-A 
ICG 10963 X 1196-6-B-2 

ICG 10964 X 14-4-3-8-B 
ICG 11083 ZM 2034 

ICGS 62 
TCG 1518 

SE 

CV (%) 

Control 
ICG 7827 JL 24 

SE 

CV (%) 

1. Disease score on a I-5 scale where: 
I =very few small lesions on the pod; pod size normal, 
2 = few small lesions on the pod; pod size normal, 
3 =many small lesions on the pod; pod size normal, 

Disease score' 

1985 1985/86 1986
 
rainy postrainy rainy 

2.0 1.4 1.5 
1.7 1.5 1.5 
2.0 1.4 1.4 
2.0 2.1 1.7 
1.9 1.7 1.6 

2.2 1.6 1.6 
1.8 1.3 1.5 
2.2 1.5 1.6 
1.8 1.6 1.5 
2.1 1.4 1.7 

1.7 ].R 1.6 
2.0 1.3 1.6 
2.0 1.4 1.5 

1.9 1.6 

0.24 ±0.14 ±0.06 

17.2 15.9 7.8 

4.7 4.7 4.4 

±0.03 ±0.03 ±0.08
 

3.6 3.4 6.3 

4 = 50% of pod surface discolored; pod size moderately reduced, and 
5 =50-100% of pod surface discolored; pod size greatly reduced. 
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Table 8. Performance of some high-yielding groundnut selections with field resistance to bud necrosis 
disease (BND), ICRISAT Center, postrainy season 1985/861. 

±0.21 

Entry Original name Botanical type2 
Pod yield 
(t ha-i) 

BND 
incidence (%) 

ICGV 86029 
ICGV 86030 
ICGV 86031 
ICGV 86032 
ICGV 86033 
ICGV 86538 

GBPRS 138 
GBPRS 15 
GBPRS 312 
GBPRS 301 
GBPRS 45 
GBPRS 303 

SB 
VB 
SB 
VB 
VB 
VB 

7.88 
7.83 
7.69 
7.27 
7.10 
6.99 

23 
19 
26 
25 
28 
30 

Control 
Kadiri 3 Robut 33-1 VB 6.68 53 
SE 

Trial mean (25 entries) 6.33 

CV (%) 6 
Efficiency over RBD 94
 

1. 5 - 5 lattice design, plot size 4.8 in2 
. 

2. Sli= spanish bunch, var wulgaris and VB virginia bunch, var typogaea. 

Nematode Diseases 

In collaboration with scientists of the Andhra 
Pradesh Agricultural University (APAU), we 
screened 1616 groundnut germplasm accessions 
and breeding lines for resistance to the nematode 
disease caused by Tylenchorh'nchusbrevilinia-
tus in replicated trials in a farmer, field near 
Tirupati in the 1985 and 1986 rainy and 1985/86 
postrainy seasons. The disease incidence was 
high and uniform in the susceptible control cul-
tivar JL 24 that was sown after every ten test 
genotypes. We identified 33 lines as resistant to 
the disease over three growing seasons. The per-
formance of 14 lines found resistant in all three 
seasons is shown in Table 7. TCG 1518 is a 
high-yielding cultivar bred by APAU scientists 
at Tirupati from material supplied by ICRISAT. 

Virus Diseases 


Bud Necrosis Disease (BND) 

During the 1986 rainy season we screened over 

1000 selected breeding lines and interspecific 
hybrid derivatives for field resistance to BND. 
)isease incidence was less than 25% in J ,24 and 

TM V 2, the susceptible control cultivars. Breed
ing lines showing lower BND incidence and 
higher yield will be retested in 1987. We evalu
ated several breeding lines with desirab'c pod 
and seed characteristics, and with field resistance 
to BND (ICRISAT Annual Report 1985, p. 224) 
for their yield potential. Selected lines that out
yielded the control cultivar Kadiri 3 (Robut 33-
I) are listed in Table 8. Eight BN D field-resistant 
selections, including those listed in Table 8, are 
currently being evaluated in an AICORPO
sponsored trial at eight locations, including 
ICRISAT Center, for field resistance to BND. 

Applications of the insecticide dimethoate at 
concentrations sublethal to the thrips vector 
increased BND incidence and this effect can be 
used to facilitate screening when the natural 
incidence of BND is low. Twelve genotypes sown 
in a replicated trial, were sprayed with dimethoate 
at 200 ga.i. ha- at I-week intervals until the crop 
was harvested. Ten genotypes showed increased 
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BND incidence following the insecticide treat-
ment over the nonsprayed controls. 

Peanut Clump Virus (PCV) 

Causal agent. In disease surveys we detected 
PCV in farmers'fields in Cuddapah District. We 
produced antiserum with high titres for Bapatla 
(Andhra Pradesh) and Hyderabad (Andhra Pra-
desh) isolates of PCV. All the five geographically 
separated 1PCV isolates have been shown to 
differ in their serological cross reactions (ICRI-
SAT Annual Report 1985, p. 224). Collaborat-
ing with the Scottish Crop Research Institute, 
Invergowrie, UK, we were able to utilize 32p-

labelled complementary DNA(C-DNA) probes 
to detect the viral RNA in dot blots prepared in 
nitroccllulose filters. The main advantage of this 
technique is that a C-DNA probe prepared for 
one isolate can detect the presence of all the five 
isolates. 

Transmission. We found (ICRISAT Annual 
Report 1985, p. 225) that PCV is seed-transmitted 
in groundnut. Seeds from the cultivar M 13 nat-
urally infected with the Bapatla and Hyderabad 
isolates have been tested for correlation between 
enzyme-linked immuno-sorbent assay (ELISA) 
and growing-out tests for the presence of PCV. 
Both the PCV isolates were present in nearly 
11% of the seed, and the results of the ELISA 
could be correlated with growing.out tests on 
over 500 seeds. We have also tested seed trans-
mission of the Hyderabad 13CV isolate in Sor-
ghum bicolorand Setariaitalica, species known 
to be hosts for PCV (ICRISAT Annual Report 
1985, p.225). In tests on over 600 S. bicolorseeds 
we were unable to detect any seed transmission, 
However, we found seed transmission to the 
extent of 10% in S. italica in tests on over 1500 
seeds from PCV-infccted plants. Research to 
date indicates that the fungus Polymyxagraminis 
can transmit PCV (ICRISAT Annual Reports 
1982, p. 189; 1984, p. 212; 1985, p. 225). We 
studied the life cycle of P. graminis in wheat 
roots. Nine days after inoculation with root soak-
ates containing cystosori of the fungus we 

observed zoosporangia in wheat roots and cysto
sori 7 days later. We are attempting to maintain 
a culture of P. graminisin wheat roots utilizing 
inoculum from root soakates. 

Resistance screening. In the 1985/86 postrainy 
season we screened 250 germplasm accessions in 
a farmer's field near Pallipalem village in Praka
sam District of Andhra Pradesh. Eleven entries 
showed tolerance of PCV and merit further 
testing. 

Solarization. We used a soil solarization tech
nique(ICRISATAnnual Report 19 8 5 , p. 183)to 
treat several small areas of soil infested with 
FCV. This treatment considerably reduced inci
dence of the disease in groundnuts subsequently 
grown in the solarized soil compared with those 
grown in nontreated PCV-infested soil. 

Peanut Moitle Virus (PMV) 

Causal agent. Utilizing purified virus from 
peas, we produced an antiserum for PMV. The 
titre as determined by the precipiting ring test 
was 1:1280. 

Resistance screening. In the 1985/86 postrainy 
and 1986 rainy seasons we screened 224 breeding 
lines for resistance to PMV. Eight lines showed 
less than 5% yield loss from PMV-infected 
plants and will be further tested in the 1987 rainy 
season. The four breeding lines and one germ
plasm accession that showed less than 5% yield 
loss in earlier tests (ICRISAT Annual Report 
1985, p. 225) have failed to show significantly 
lower yield loss than susceptible controls in a 
replicated trial. Earlier, NC Ac 2240 was shown 
to be tolerant to PMV (ICRISAT Annual 
Reports 1982, p.189; 1983, p.199). We tested 
individual plants of advanced generation breed
ing lines from crosses involving NC Ac 2240 for 
tolerance to PMV, and made 40 selections with 
desirable pod and seed characters that will be 
tested in 1987 for tolerance to PMV. 

We have conducted several tests on genotypes 
EC 76446(292) and NC Ac 17133 (RF) for seed 
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transmission of PMV (ICR ISAT Annual Reports
 
1982, p.189; 1984, p.212; 1985, p.226), but these
 
tests showed they did not transmit PM V through
 
seed (Table 9). Several crosses involving these 
 A 
genotypes were tested for nonseed transmission.
 
We also conducted additional tests on crosses
 
involvini! FSB 7-2 and I"C 76446(292), and oom
 

Comnet and NC Ac 17090, which were shown not
 
to transmit PMV in initial tests (ICRISAT 

Annual Report I985. p.226). Both the breeding 
lines transmitted PNIV but at a very low fre
quency (Table 9). )ver 15000 seeds of a breeding
line from atcross involving 148-74-3-2-B and ___,__ 

N('Ac 17090 werne shown not to transmit PMV. 
Additional breeding lines currently being tested 
for PNIVV nonseed transmission are also listed in A 
Table 9. We will retest them in 1987 at selected 
locations outside ICRISA ('enter where the 200nm 
disease caused 1)v NI Viscconomically inport ant. 

Peanut Yellow Spot Virus (PYSV) Figure 5. Purified preparation of groundnut 

yellow spot virus particles (bar represents 200Since PYSV is widely distributed (ICRISAT nm). ICRISAT Center, 1986. 
Annual Report 1985. p. 2 2 6 ) and occurs in high 
incidence in India and Thai land, we modified the 
purification procedure in order to produce a 

better quality antiserum. The modified proce
dure involves clarification, treatment with poly-

Table 9. Transmission of peanut mottle virus ethylene glycol, followed by two cycles of density
(PM V) through seed from field-inoculated gradient centrifugation in potassium tartarate 
groundnut genotypes; cumulative data from solutions. This procedure gave higher virus 
trials at ICRISAT Center over two to six yields and negligible host components as deter
seasons. mined by electron microscopy (Fig.5) 

No. of Seed 
seeds transmission Virus Disease Surveys

Entry tested of PMV (%) 

EC 76446(292) 17682 0 We conducted disease surveys utilizing a simple
NC Ac 17133 (RF) 18005 0 EI.ISA procedure (ICRISAT Annual Report
ICGV 86604 13284 0.03 1985, p.226). Peanut stripe virus (PStV) was 
ICGV 86702 16083 0.04 detected in several locations in Indonesia. Pea-
ICGV 86703 15145 0 nut mottle (PMV) and tomato spotted wilt 
ICGV 86704 4143 0 (TSWV) viruses were detected in Thailand and 
ICGV 86705 2914 0 Indonesia. In disease surveys in parts of Andhra 
ICGV 86706 1625 0 Pradesh, India, we observed veinal chlorosis dis-
ICGV 86397 2692 0 ease (ICRISAT Annual Report 1985, p.226) at 
ICGV 86015 1032 0 incidences as high as 60%. The disease was 
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observed at several locations in postrainy-season 
groundnut crops. We are currently investigating 
its etiology. 

Insect Pests 

Incidence at ICRISAT Center 

Three species of soil insects not previously consid-
ered to be pests at ICRISAT Center reduced 
groundnut yields in 1986. An ant, Dorjhisorien-
talis,destroyed many seeds of groundnut plants 
growing in small plots during the 1985/86 post-
rainy season. A detailed study of the soil fauna 
by scientists from the Termite Control Team of 
the Tropical Development and Research Insti-
tute (TDRI), London, showed that plants in a 
nonirrigated Alfisol field had been attacked and 

100-

8 

60-418 

20-

0--- 
0 5 10 

killed by the larvae of a jewel beetle (Sphenop
terasp: Buprestidae), the 'groundnut verpuchi'. 
There was up to 30% plant mortality in plots that 
were not protected by insecticide. Nine percent 
of the plants growing in an irrigated Alfisol field 
were also damaged by this pest, but with less 
drastic effect on the host. The same investigation 
added false wireworms (Tenebrionida sp unk.) 
to the list of groundnut pod borers in India. 

Our regular insect fauna did not create many
problems this year. Thrips (Frankliniella schult
zei) damage was severe early in the 1985/86 
postrainy-season crop. Jassid (Empoasca kerri) 
populations were low to moderate in both 
seasons. The groundnut leaf miner (GLM) 
(Aproacreman2odicella)threatened to became a 
problem in the 1986 rainy season, but had virtu
ally disappeared before the third generation. 
GLM parasitism was not high (approximately 
20%); laboratory rearing experiments indicated 

Adult survival 

Susceptible (TMV 2) 

-- - Resistant (ICG 5240)
 
Progeny production 24
 

Susceptible (TMV 2) -21 
Resistant (ICG 5240) 18 

-12 , 

6 M. 

3 

0 
15 20 25 

Age in days 
Figure 6. Adult survival and reproductive rate of Aphis craccivora on resistant and susceptible
groundnut genotypes, greenhouse trial, ICRISAT Center, 1986. 
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Table 10. Groundnut genotypes with resistance to jassids (Empoasca kerm), ICRISAT Center, rainy 
season 1986. 

Trial ! Trial 2 

Yellowed Yellowed 
Genotype foliage ( G) foliage ((7)(enotype 

ICG 7965 1.7 (7.3)' ICG 5043 1.0 (5.7) 
ICG 5240 2.7 (9.4) ICG 2307 1.3 (6.5) 
ICGV 86031 3.3 (10.5) ICG 5042 1.3 (6.5) 
ICG 8277 4.3 (11.8) ICG 5044 1.3 (6.5) 
64-143-20 5.0 (12,8) ICG 5045 1.3 (6.5) 

ICGV 86437 5.3 (12.9) IC( 2306 2.7 (9.4) 
ICG 1602 5.7 (13.9) 1CG 7644 4.3 (11.9) 
IC 2271 6.7 (14.6) ICC 977 4.7 (12.3) 
ICC 8010 7.3 (15.6) ICG 7235 5.7 (13.7) 
ICCV 86713 7.7 (15.2) C(i 5679 7.3 (15.7) 

Susccplib!e controls 
IC 221 21,7 (27.5) ICG 221 25.0 (30.0) 
ICG 799 21,7 (27.5) ICG 799 19.0 (25.6) 

SE (t2.39) (t1.31) 


Mean 8.2 (15.55) 7.2 (13.90) 

CV Ci (27) (16) 


1. Figurcs in parentheses iuc angulir iransformations. 

that parasitism was not the only cause of death. 
White grubs (Lachnosternaspp) killed plants in 
two fields. Aphids (Aphis craccivora),and white 
flies (Benisia spp) made their usual brief and 
inconsCq ucultial appearance during the rainy 
Season, 

Host-plant Resistance 

Aphids (Aphis craccivora). After screening 
some 6000 genotypes for resistance to A. cracci-
vora, we found that ICG 5240 has an antibiotic 
element that suppresses development of aphid 
populations. In screenhouse conditions, adult 
aphids survived nearly twice as long on the sus-
ceptible cultivar IMV 2 than on IC 5240. Tlhe 
reproductive rate of the aphids on this resistant 
genotype was 25-35% of that on TMV 2 (Fig. 6). 

Tria 13 Trial 4 

Yellowed Yellowed 
Genotype foliage ( G) foliage (%)(enotype 

ICG 8343 2.7 (9.4) ICG 7026 7.3 (15.6) 
ICG 8309 2,7 (9.4) ICG 8036 8.0 (16.4) 
C(i 7437 3.7 (11.0) ICG 9862 8.0 (16.4) 

ICG 8896 5.7 (13.6) IC 8284 8.3 (16.6) 
1CG 7652 7.3 (15.6) 

ICG 1602 7.3 (15.6) 
ICG 7113 7.7 (15.6) 
ICG 7448 7.7 (15.6) 
ICG 6749 8.0 (16.4) 

ICC 221 23.3 (28.9) ICG 221 26.7 (31.0) 
IC( 799 21.7 (27.7) ICG 799 20.0 (26.5) 

(t1.86) (±1.87)
 

9.7 (17.20) 11.9 (19.70) 

(19.8) (17)
 

Jassids (Linpoascakerr). Despite only mod
crate jassid densities in the 1986 rainy season it 
was possible to screen a further 400 genotypes 
for resistance to this pest. Thirty-three genotypes 
had 1-8%leaflets yellowed compared to 19-27% 
in the control cultivars (Table 10); one of them is 
the aphid-resistant genotype ICG 5240. 

Thrips (Frankliniella schultzei). Trials were 
carried out in the 1985/86 postrainy season 
(12 genotypes) and in the 1986 rainy season (15 
genotypes) to compare a range of thrips damage 
levels, assessed as percentage damaged leaflets, 
and as an injury rating. A thrips injury index (the 
product of these two parameters) was positively 
correlated with the incidence of bud necrosis 
disease (l3ND). This indicates the importance of 
vector resistance in reducing BND levels in the 
field. 
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Integrated Control 

Relationship between insect density and drought. 
Throughout the 1985/86 postrainy season we 
measured the density of insect pests on ground-
nut plants grown along a drought stress gra-
dient. Groundnut leaf miners were most dense 
on the most stressed plants. Jassid populations 
were influenced in the opposite direction. Ini-
tially, thrips were most abundant on the most 
stressed plants, but this pattern was reversed 
later in the growing season. Microtermcs spp 
were most active where the soil was at 50-75% 
field capacity. 

Setting research goals with a.dynamic program-
ing procedure. Information from field trials 
designed to give basic information for the devel-
opment of an int:grated control program for leaf 
miner was adapted to form the data base for a 
conputer program developed to find the opti-
mum solutions to farmers' pest control prob-
lems. It indicated that in the presence of lss than 
20% natural mortality more than 70% host-
plant resistance would bL tequired (i.e., the pest's 
generation to gcneration rac' of increase was 

reduced by 70% by the factors imbuing host
plant resistance). 

The initial pest population was critical. If it 
rose much above the level we observed at ICRI-
SAT Center, the farmer would need to apply an 
insecticide to optimize his yield. This particular 
simulation was constructed because of the prac
tice of growing consecutive and overlapping 
groundnut crops in some areas of India. This 
means that newly sown fields are invaded by 
pests from neighboring fields of established 
crops. 

The efficiency of an insecticide application is 
also important. The model indicated that if natu
ral control and host-plant resistance did not 
redIce the population growth rate of the pest by 
about 60% of its potenial, atspray operation 
would have to be more than 70% efficient. Lower 
spray efficiencies would result in crop failure. 
This indicated that we should know more about 
the efficiency of farners' insecticide application 
activities. The 'trade off' between host-plant 
resistance and the 'kill efficiency' of an insecti
cide was such that when a farmer's insecticide 
applications are not efficient he would obtain a 
better return by growing a cultivar with more 

Table 11. Yield loss caused by Spodoptera litura larvae' to groundnut plants of cultivar TMV 2 when 
the infestation occurs at different crop stages, ICRISAT Center, postrainy season 1985/86. 

Crop stage at larval release 

10 DAE3 (seedling stage) 
30 DAE (flowering) 
50 DAE (pegging) 
70 DAE (pod formation) 
10 + 30 +50 + 70 DAE 
30 + 50 +70 DAE 
50 + 70 DAE 

Control (No defoliation) 

SE 


CV (%) 

Pod yield Yield Haulm mass Haulm 
plant-' (g) loss (%) plant-' (g) loss (%) 

7.2 37 (37)3 8.3 30 (31)3
9.6 18 (22) 10.2 15 (22)
9.7 17 (22) 9.8 19 (25)

10.4 13 (16) 9.4 23 (28)
5.7 53 (47) 7.1 41 (40)
7.7 33 (35) 8.3 31 (34) 
9.7 17 (21) 10.2 15 (20) 

11.9 0 (0) 12.1 0 (0) 
±0.7 (±5.7) ±0.6 (±4.3) 

18 (51) 15 (39) 

I. 12 larvae plant-[, 40 plants plot-[, 5 replicates. 
2. DAE = days after emergence.
3. Values in parentheses are arc sine transformations. 
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pest resistance than by improving his spray Table 12. Effect on pod and haulm yields (g
technique. plant-') by different densities of Spodoptera lit-
Integrated control of Spodoptera iturs, ura larvae at different stages of a groundnut crop
S.litura isaserious pest of groundntt crops in (TMV 2)', ICRISAT Center, rainy season 1986. 

Asia. A series of experiments is being carried out Crop stage and 
to determine the larval threshold densities that number of larvae Pod yield Haulm yield 
cause yield loss at various crop stages. plant' plant-' (g) plant-' (g) 

In a 1985/ 86 postrainyseason experiment, we Seedling (10 DAE)
placed two fourth instar larvae on each plant at 1 5.0 10.2
 
the crop stages indicated in Table 11. The larvae 2 
 4.5 9.4
 
were confined to the experimental plots by 
an 5 3.0 9.9
 
aluminium barrier. At the seedling stage 85% 10 
 2.8 7.4
 
defoliation resulted in 37% pod loss. The crop Flowering (30 DAE)
 
recovered well from defoliation at this stage in I 5.5 11.6
 
terms of leaf area but at harvest the hauln bio- 2 6.1 12.9
 
mass was still 30% lower than that of the control. 5 5.3 11.8 
The release of four batches of 2 larvae per plant 10 6.0 12.0
 
with a 10-day gap between releases, resulted i Pegging (50 DAE)

53(7 pod loss and 41 
 ihauLm loss. l)efoliation at 1 6.5 12.6
other stages resulted in lower levels of yield loss. 2 5.6 11.2
 
Cout inuirons defoliation, even at this relatively 5 6.5 
 11.5 
low larval density, caused up to 53% yield loss 10 	 6.4 11.9 

Pod formation (70 DAE)In the 1986 rainy season, we released I, 2, 5, or 
10 fourth instar larvae per plant into 2.5 m2 plots 2 6.0 11.3 
(about 80 plants) surrounded by aluminiun bar- 5 5.6 11.7 
riers. At the seedling stage this resulted in 44, 66, 10 5.1 11.3 
87, and 100,, defoliation and 14. 22, 48, and 51% 
pod loss (Table 12). Even though there was 5 C ol 
defoliation during flowering and 30V, at the peg- SE 

n 5 
±0.7±0.4 

ging and pod-formation stage, we found no yield 14 
reduction. Thus, only the seedling stage is vulner
able to defoliation during the rainy season. 1.80 plants plot ',5replicates.
 

The implications of these data are:
 
" The d amage thresholds in rainy-season and Str gePests
 

postrainy-season crops appear to be different.
 
* 	 The rainy-season ciop can tolerate a highlevel of defoliation wit hout yield loss. This Methods of evaluating the susceptibility of

information, combined with our observation groundnut pods and kernels to key storage pestscof erhiger levels 1WithpOddamaevtion have been established. The techniques are suffircientlys o 	 sensitive to demonstrate cleardifferences 
insecticide is applied indicates that the appli- in tle response of different genotypes to a range 
cation of insecticide for Spodopteracontrol of pes s
 
should not be an automatic reaction b o
 
farmers to this pest. 
 Soil Insect Control 

* 	 Farmers should not sow consecutive crops in 
close proximity to avoid infestation of newly A number of soil insects damage groundnut
emerged stands. roots and pods throughout the SAT. Of these, 
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termites and white grubs are considered to be the 
major pests. When the farmers cash flow is suffi-
cient, a standard method of protecting crops 
from these pests is to apply dieldrin or aldrin in a 
dry formulation to the soil at the time of sowing. 
Unfortunately, these insecticides can accumulate 
in the soil so that the product may not be suitable 
for sale, especially in overseas markets. ICRISAT 
is working with TDRI on other methods of pro
tecting groundnut crops from soil insects. 

An experiment carried out at ICRISAT Cen
ter in the 1986 rainy season indicated that chlor-
pyriphos, in a slow release formulation, is a 
potential alternative control agent to aldrin, in 
that it protected the crop from termites, white 
grubs, and various other pests. Sccd dressing 
with insecticides was not effective. lsofenphos 
did not give satisfactory protection from soil 
insects but its systemic effect protected plants 
from groundnut leaf miner attack. 

Breeding for Pest Resistance 

From 879 segregating populations (F,-F 7), 
grownunder natural pest infestation it ICRI-
SAT Center in the 1986 rainy season, we made 
220 selections that were highly to moderately 
resistant to jassid damage. 

Yield Trials 

We evaluated 170 advanced, pest-resistant 
breeding lines in four replicated yield trials 
under natural pest infestation at ICRISAT Cen-
ter in the 1986 rainy season. We also tested a set 
of 78 other breeding lines in a multilocational 
trial at Anantapur, l3havanisagar, Dharwad, 
Hisar, and ICRISAT Center. Yields of some of 
the breeding lines at ICRISAT Center where the 
trial was growni under high-input conditions 
with foliar diseases control are presented in 
'Fable 13. Several breeding lines belonging to the 
virginia bunch (var hypogaca)and spanish bunch 
(var vulgaris) groups, had significantly higher 
pod yields and higher levels of resistance to jas-
sid damage than the control cultivars JL 24 and 
Kadiri 3 (Robut 33-1). Pod yield differences 

at other locations except for Hisar were not 
significant. At Hisar, two breeding lines, ICGV 
86353 and ICGV 86405, produced pod yields of 
over 5 t ha-', when Kadiri 3 gave 3.6 t ha-1. On an 
overall mean basis the breeding line ICGV 86400 
ranked first. 

Plant Nutrition 
Nitrogen Fixation 

Bradyrhizobiumn NC 92 Effects 

Over the past three seasons, we have investigated 
by growth analysis the crop physiological basis 
for the previously reported yield increases in 
response to inoculation with lrad yrhizobiun 
(Rhiobiun) strain NC 92 (ICRISAT Annual 
Report 1984, p.218). 

This research has shown that despite success
ful nodule formation by the introduced strain, 
there has not been increased nitrogen fixation in 
the field. This observation provides support for 
the results of greenhouse trials which have dern
onstrated tha NC 92 has no special nitrogen
fixing attributes and suggests that other lactors 
are responsible for the yield effects. 

Iron Nutrition 

Siderophore Production by Bradyrhizobiumty 
Strains 

Siderophores, low-iron-inducible, iron-binding 
molecules with small molecular weight are be
lieved to help in the iron nutrition of plants. 
Previously, there were no easy quantitive methods 
available for comparing the amounts of Fe
binding siderophores, so we developed an assay 
for 5 catechol-type siderophores."Fe-binding 

Earlier, using a qualitative colorimetric test 
(addition of an equal volume of ferric chloride 
solution to the ethyl acetate extract) for sidero
phores, we could detect siderophores only from 
Bradyrhizobiumstrains NC 92 and 5a/ 70. How
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Table 13. Performance of some high-yielding, jassid-resislant/tolerant groundnut selections, ICRI-
SAT Center, rainy season 1986'. 

Entry Pedigree 
Growth' 

habit 
Pod yield 
(t ha-) 

Jassid 
damage3 

ICGV 86399 
ICGV 86377 
1CGV 86402 
ICGV 86400 
ICGV 86351 
ICGV 86352 
ICGV 86352 

TMV 2 x NC Ac 2214 
Mani Pintar x (Robut 33-1 x NC Ac 2214) 
Mani Pintar x NC Ac 2232 
Mani Pintar x (Robut 33-1 x NC Ac 2232) 
Mani Pintar x (Robut 33-1 x NC Ac 2214) 
Manfredi 68 x NC Ac 343 
Mani Pintar x (Robut 33-1 x NC Ac 2214) 

VB 
VB 
VB 
VB 
VB 
SB 
SB 

3.66 
3.60 
3.57 
3.36 
3.17 
3.10 
2.92 

4 (10)1 
4 (1I) 

11 (18) 
3 (9) 
3 (9) 

18 (26) 
4 (10) 

Controls 
NC Ac 3435 
JL 246 
Kadiri 36 

VR 
SB 
VB 

3.58 
1.99 
1.92 

9(16) 
21 (27) 
20 (26) 

SE ±0.19 (±1.8) 

Trial mean (81 entries) 2.25 (22) 

CV (%) 13 (15) 
Efficiency over RBD 100 (14) 

1. 9 , 9 lattice design, plot site 4.8 rn-, high input (60 kg P,05 ha-1,with irrigation, rust and late leaf spot control, and insecticide 
sprays).

2. VB = virginia bunch. var hjyogaea; SH = spanish bunch, var vulgaris; and VR =virginia runner, var hlpogaea. 
3. Jassid damage recorded as yellowed foliage (%).
4. Figures in parentheses are arc sine transformations. 
5. Pest-resistant control. 
6. Susceptible control. 

ever, using our radiotracer method we were also Table 14. Siderophore production in culture by
able to detect siderophores in other strains, Bradyrhizobium strains. 
although the atnounts produced were low com
pared to those ofstrains NC 92 and 5a/70 (Table Fe bound 
14). Bradyrhizohium strains (jg g-' dry cells)

Inoculation with strain NC 92 has increased NC 92 370 
groundnut yields in India, China, and Came- 5a/70 312 
roon; strain 5a/70 has increased yield in a single NC 6 207 
trial at ICRISAT Center, whilst inoculation NC 43.3 128 
with other strains with lower siderophore pro- NC 70.1 114 
duction has never increascd yield in our experi- 47 Al 93 
ments. Hcnce it ispossible that the yield responses IC 6001 93 
to inoculation with strains NC 92 and 5a/70 may SE ±20 
be due to effects on iron nutrition rather than on 
nitrogen nutrition. CV (%) 14 
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Phosphorus Nutrition 

Genotype-dependent Differences in VAM 
Colonization and Phosphorus Uptake 

We reported earlier that groundnut root coloni-
zation by vesicular arbuscular mycor'rhizae 
(VAM) and phosphorus uptake are genotype 
dependent (ICRISAT Annual Report 1985, 
p.236). In 1986, we further evaluated this by 
multilocatio nal trials usitig 10 genotypes each of 
spanish, valencia, virginia bunch, and virginia 
runner types. There were genotype - site interac
tions for VANI infection, and significant vaia-
tion (P.,. 0.001) within the four groups. 

Genotype Response to VAM Colonization. 

Twenty genotypes were selected from those 
included in the VA M-colonization and P-uptake 
studies of 1985, and further tested in 1986 in a 
replicated trial for response to inoculation with a 
mixture of VAM fungi (Glomus constrictum, 

Table 15. Pod yield (t ha-') of groundnut geno-
types showing response to VAM inoculation, in 
replicated field screening at two Indian Iota-
tions, rainy season 1986. 

ICRISAT Center Anantapur 

Inoc- Inoc-
Genotype Control ulated Control ulated 

ICG 7885 0.87 1.53 
ICG 1521 0.58 0.83 
ICG 1506 0.47 0.84 
ICG 3047 0.41 ,.65 0.76 1.44 
Kadiri 3 0.59 1.21 
(Robut 33-1) 

ICG 2490 0.39 0.73 

SE ±0.12 ±0.18 

Trial mean 0.68 0.74 1.14 1.30 
(20 entries) 

Acaulosporamorroweae,and Gloniusepigaeun 
in equal proportions) at two locations. At ICRI-
SAT Center, five genotypes gave significantly
increased pod yield in response to VAM inocula
tion (Table 15). Similarly, at Anantapur VAM 
inoculation also resulted in increased pod yield 
over thc control for two genotypes. 

Adaptation 

Photoperiod Studies 

in a GTZ-funded project in collaboration with 
the University of Bonn, Federal Republic of 
Germany, we have studied the effects of pho
toperiod on the growth of a range of genotypes. 
Long days Lenerally decreased yield by lowering 
the partitioning of assimilates to the pods, but 
(lid not change time of flowering. 

Influences of Photoperi 'Ion Roots 

Earlier research showed that long days increased 
stem growth and decreased pod growth, but 
information was not available on the effects of 
photoperiod on root growth. We have now 
shown that growth of both shoot and roots are 
promotcd by long days at the expense of pods 
(Table 16). This helps to explain the high pro
portion of drought-resistant genotypes
observed amongst progeny derived from photo
period-sensitive, folardiseases-resistant parents, 

and also the lower vield potential of these 
drought-resistant types. Our research has found 
that many of the foliar diseases-resistant parents 
utilized in breeding programs are photoperiod
sensitive. 

Photoperiod and Foliar Diseases 

Collaborative research between pathologists 
and physiologists has investigated the interac
tion of foliar fungal diseases and photoperiod
effects for five genotypes. These lines were stud
ied for response to disease control by fungicides 
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in both long-day (LD, 16 h) and short-day (SD, Yield responses to spraying with fungicides 
13 h) conditions. Kadiri 3 (Robut 33-1) was were also influenced by daylength. The LD
insensitive to photoperiod, ICGV 86709 insensitive but disease-susceptible Kadiri3 had a 
(ICG(FDRS)18) was only mildly photopo'riod- large response to fungicides in both long and 
sensitive and the other genotypes w ;re strongly short days. In the mildly photoperiod-sensitive 
sensitive (Table 17). ICGV 86709 there was a slight decrease in yield 

in LDs and only a marginal increase in yield in 
response to fungicides. However, in the photo
period-sensitive lines yield was greatly decreased 
by LDs and only increased by fungicides in SDs,

Table 16. Effect of long (LD) and short days i.e., where the disease development was severe
 
(SD) on mass of shoots, roots, and pods from enough for defoliation to be a limiting factor to
 
two groundnut genotypes, greenhouse trial, yield.
 
ICRISAT Center, 1986.
 

Dry NC Ac 17090 TMV 2
 
mass
 

SD1 LD2 SDI LD2(g plant-') 	 Mean Plant Improvement 
Shoots 17.3 41.3 16.1 38.2 28.2 (±3.03) 
Roots 3.4 6.8 2.7 5.1 4.5 (±0.62) Breeding for Adaptation to Specific
PL. 15.7 6.0 9.6 5.1 9.0 (±0.70) Environments and Requirements 
I. 	 SD = 8 h daylength. 
2. 	LD = 4 h night break. From 305 bulk selections (F 2-F,) grown in the 

1986 rainy season, we made 470 new bulk selec
tions for high yield.

'fable 17. Effect of fungicide sprays and day
length on pod yields (t ha-t) of five groundnut 
genotypes, field trial, ICRISAT Center, rainy Yield Trials 
season 1986. 

Daylength 	 We evaluated 126 advanced breeding lines in two 
replicated yield trials grown under high- andTreatment 	 Genotype 13 h 17 h low-input conditions at ICRISAT Center. Con-

Water spray 	 Kadiri 3 1.57 1.56 trol cultivars included J L 24 and Kadiri 3 (Robut 
ICGV 86709 2.55 2.05 33-1). Yields of some of the selections grown
NC Ac 17090 1.85 1.11 with high inputs are given in Table 18. The three 
NC Ac 17142 1.52 0.66 high-yielding selections in one trial and the two 
EC 76446(292) 2.32 1.15 that yielded nost in the other trial significantly 

Chlorothalonil Kadiri 3 3.10 2.60 outyielded the control cultivars. In the first trial 
spray' ICGV 86709 2.86 2.29 32 other selections significantly outyielded the 

NC Ac 17090 2.78 1.02 control Kadiri 3 (Robut 33-1). 
NC Ac 17142 2.04 0.82 We evaluated a further 102 advanced breeding 
EC 76446(202) 2.56 1.12 lines in two rmultilocational trials (MLTs). The 

SE ±0.18 	 MLT 86-5 trial was conducted at ICRISAT Cen
ter, Anantapur, Bhavanisagar, Dharwad, andHisar and the 	MLT 86-4 trial at the first four 

1. 	Chlorothalonil as DaconiI applied six times (at the rate locations only. Performance of the top five selec
of 1.33 kg a.i. ha-' in 500 L of water) at 10-day intervals tions on an overall 1nean basis in these two trials 
beginning 50 DAS. is presented in Table 19. 
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-Table 18. Pod yields (t ha 1)of some high-yielding, medium-maturing groundnut selections under
high-input conditions', ICRISAT Center, rainy season 1986. 

138 

Entry Original name Growth habit2 Pod yield (t ha-1) 
Trial 1(9 x9 triple lattice)
ICGV 86294 
ICGV 86312 
ICGV 86300 
ICGV 86319 
ICGV 86285 

ICGS 30 x JL 24 
ICGS 16 x VR 71-1 
ICGS 5 x C 166 
F334-A-B-14 x Ah 114 
H 24 HIL 13b/l Hba x HaC(1) ffIll 

SB 
SB 
VB 
VB/SB 
VB 

4.60 
4.27 
4.24 
4.21 
4.20 

Controls 
JL 24 
Kadiri 3 Robut 33-1 

SB 
VB 

3.51 
2.80 

SE 
±0.24 

Trial mean (81 entries) 3.44 
CV (%) 

12 
Efficiency over RBD 110 

Trial 2 (7 x 7 triple lattice)
ICGV 86347 
ICGV 86350 
ICGV 86331 
ICGV 86346 
ICGV 86343 

FSB7-2 xG 201 
Robut 33-1-21-11 x 877 
ICGS 15 x ICGS 25 
ICGS 49 x VR 71-1 
ICGS 20 x L.No.95-A 

VB 
VB/SB 
SB 
VB/SB 
VB/SB 

4.36 
3.99 
3.48 
3.46 
3.37 

Controls 
Kadiri 3 
JL 24 

Robut 33-1 , 
SB 

3.06 
2.93 

SE 
±0.23 

Trial mean (49 entries) 2.91 
CV (%) 

14 
Efficiency over RBD 

I. High input =60 kg P205 ha-1, with irrigation and insecticide sprays, plot size 4.8 m2. 
2. SB =spanish bunch cultivar, var vulgaris; VB =virginia bunch cultivar, var hypogaea. 

In the M LT 86-4 trial five selections at ICRI- control cultivars. None of the selections at Dhar-SAT Center produced significantly greater pod wad was significantly superior to the highest
yields than Kadiri 3 (Robut 33-1). Selection yielding control Kadiri 3 (Robut 33-1).
ICGV 86210 produced the highest pod yield In the MLT 86-5 trial at ICRISAT Center,
(4.08 t ha-') at ICRISAT Center. At Anantapur, selection ICGV 86236 significantly outyieldedselection ICGV 86190 significantly outyielded both control cultivars, and three others signifi
both controls. At Bhavanisagar, selection ICGV cantly outyielded JL 24. At Arantapur, Bhava
86231 gave the highest pod yield of 3.49 t ha-1. nisagar, Dharwad, and Hisar none of the selec-
Two selections, ICGV 86210 and ICGV 86215 tions outyielded the best control cultivar at any
had significantly greater pod yields than both location. 
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Table 19. Performance of the five highest-yielding, medium-maturing groundnut selections evaluated 
at five Indian locations', rainy season 1986. 

Pod yield (t ha - 1) 

Entry Original name 
Growth 
habit 2 

ICRISAT 
Center 3 

Ananta-
pur 5 

Bhavani-
sagar 

Dhar
wad 5 Hisar 4 Mean 

Trial 1; MLT 86-4 (8 x 8 triple lattice) 
ICGV 861Q7 Robut 33-1 x M 13 SB/VB 
ICGV 86229 ICGS 15 x(TMV 10xChico) VB 
ICGV 86191 (53-68 x Robut 33-1) 

x (Robut 33-1 x NCAc316) SB/VB 
ICGV 86226 (Robut 33-1 x NC Ac 2821) 

USA 20 x TMV 10) VB 
1CGV 86215 (Robut 33-1 x NC Ac 2821) 

x VR 71-1 SB 

3.82 
3.03 

3,76 

2.82 

4.01 

0.59 
0.72 

0.58 

0.62 

0.63 

3.18 
3.10 

2.74 

3.49 

3.09 

3.27 
3.37 

3.10 

3.19 

2.37 

6 2.71 
2.56 

2.54 

2.53 

2.52 

Controls 
Kadiri 3 
JL 24 

Robut 33-1 VB 

SB 
3.03 
3.79 

0.56 
0.72 

2.59 
2 43 

3.16 
2.23 

2.33 
2.29 

SE ±0.24 ±0.90 ±0.23 ±0.32 

Trial mean (64 entries) 3.05 0.64 2.65 2.54 

CV (%) 14 26 15 22 

Efficiency over RBD 113 118 107 101 

Trial 2; MLT 86-5 (6 x 7 rectangular lattice) 
ICGV 86236 Ah 65 x Robut 33-1 
ICGV 86250 Robut 33-1 x Jacana 
ICGV 86260 Robut 33-1 x Ah 114 
ICGV 86249 Chalimbana x Robut 33-1 
ICGV 86257 (M 13 x Robut 33-1) 

" (53-68 x Robut 33-1) 

SB 
SB 
VB 
SB 

VB 

3.89 
3.12 
3.01 
3.36 

3.44 

0.75 
0.65 
0.54 
0.48 

0.63 

3.34 
3.07 
3.16 
3.14 

3.43 

2.36 
2.65 
2.70 
3.00 

2.60 

4.37 
4.46 
4.48 
3.72 

3.56 

2.94 
2.79 
2.78 
2.74 

2.73 

Controls 
Kadiri 3 
JL 24 

Robut 33-1 VB 
SB 

2.57 
2.99 

0.64 
0.63 

3.77 
3.07 

2.49 
1.83 

3.18 
3.26 

2.53 
2.36 

SE ±0.26 ±0.08 ±0.35 £:0.23 ±0.42 

Trial mean (42 entries) 2.81 0.61 3.06 2.24 3.37 

CV (%/ 16 22 20 18 22 

Efficiency over RBD 95 110 101 101 22 100 

I. Plot size =4.8 m 2 . 
2. SB = spanish bunch, var vulgaris, VB = virginia bunch, var h.),pogaea. 
3. Under high-input condii. gns(60 kg P205 ha-. irrigation and protection against pests and diseases). 
4. Rainfed plus supplementary irrigation and protection against pests. 
5. Rainfed. 
6. MLT 86-4 failed due to salinity problem. 
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Breeding for Earliness Data on the pod yields from early harvests and 
the mean number of days to maturity of selected

During 1986, we modified the 'staggered liar- early maturing breeding lines from one of the
vesting' approach (ICRISAT Annual Report trials are shown in Table 20. Table 21 shows the
1984, pp.227-229) by increasing the plot size for performance of tile samc lines in the 75- and
each harvest and reducing the number of har- 90-DAS harvests at ICRISAT Center under 
vests to two, i.e., at 75 and 90 I)AS. Using this high-input conditions. 
modified approach, we screened 396 breeding We analyzed the oil content of the SMK
lines derived from early source line x adapted obtained from staggered harvests and found that
line crosses for pod and sound mature kernel selected early maturing lines had normal oil lev
(SNIK) yields, and other maturity-related char- els even at 75 DAS (Table 22).
acteristics, in five field trials at ICRISAT Ccn- We identified two new sources of earliness,
ter. We retained 126 selections for further test- ICG 147, a red-seeded var ftstigiata type and
ing. We also evaluated 96 breeding lines selected ICG 3754, a white-sceded var 1tstigiala type,
during 1985 for earliness, yield, and adaptability that matured in 90 days in the 1986 rainy season
in the 1986 rainy season at six locations in India. at 	 ICRISAT Center under high-input condi-

Table 20. Performance of selected early-maturing groundnut breeding lines at six Indian locations', 
rainy season 1986, 

Pod yield (t ha-') 

ICRISAT Center 	 Mean 
Ananta- Bhavani- Dhar- number of

(HI) 2 (LI) 2 pur sagar wad Hisar days toEntry Original name (90)-l (95) (85) (88) (95) (84) Mean maturity4 

ICGV 86143 ICGS(E) 217 3.34 0.74 0.79 2.42 2.47 3.60 2.23 103
ICGV 86127 ICGS(E) 201 3.08 0.89 0.95 1.64 3.03 2.97 2.09 96
ICGV 86124 ICGS(E) 198 3.35 1.02 0.67 1.83 2.90 2.72 2.08 99ICGV 86133 ICGS(E) 207 3.27 0.75 0.62 1.90 3.05 2.72 2.05 100
ICGV 86144 ICGS(E) 218 2.83 0.66 0.74 2.01 2.98 2.58 1.97 97
ICGV 86146 ICGS(E) 220 2.98 0.77 0.83 1.79 2.57 2.86 1.97 101
ICGV 86145 ICGS(E) 219 3.25 0.78 0.79 1.59 2.75 2.49 1.94 96 

Controls
 
Kadiri 3 Robut 33-1 2.27 
 0.74 0.68 2.11 2.03 2.63 1.74 115JL 24 	 2.64 0.68 0.71 1.47 2.82 2.03 1.73 99
Chico 	 1.07 0.38 0.34 0.93 1.56 3.27 1.26 84 
SE 	 ±0.20 ±0.06 ±0.08 ±0.20 ±0.02 ±0.28 ±1.7- ±3.6 
Trial mean (36 entries) 2.72 0.75 0.66 1.75 12.02 2.90 93-110 
CV (%) 12 14 21 20 19 16 2.6-6.0 
Efficiency over RBD 118 127 99 121 96 107 

1. Plot size =4.8 M 2
. 

2. 	HI High input (60 kg P205 ha-' with irrigation and insecticide sprays).
LI = Low input (20 kg P203 ha-', rainfed without insecticide sprays).

3. 	 Figures in parentheses are the number of days from sowing to harvest. 
4. 	Average of subjective estimates observed at five locations, three replications at each location. 
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Table 21. Performance of selected early-maturing groundnut lines harvested at 75 and 90 days after 
sowing (DAS) under high-input conditions', ICRISAT Center, rainy season 1986. 

Pod yield 
(t ha-1) 

SMK2 yield 
(t ha-1) 

Shelling 
% 

100-seed 
mass (g) Oil (%) 

Entry 
Original 

name 
75 

DAS 
90 

DAS 
75 

DAS 
90 

DAS 
75 

DAS 
90 

DAS 
75 

DAS 
90 

DAS 
75 

DAS 
90 

DAS 
ICGV 86143 ICGS(E) 217 2.61 3.34 1.36 2.36 57 71 33 36 46.0 44.0 
ICGV 86127 
ICGV 86124 
ICGV 86133 

ICGS(E) 201 
ICGS(E) !98 
ICGS(E) 207 

2.34 
2.57 
2.62 

3.08 
3.35 
3.27 

1.44 
1.61 
1.53 

2.32 
2.52 
2.38 

64 
65 
62 

76 
76 
73 

35 
36 
36 

42 
46 
44 

46.8 
45.6 
45.7 

45.5 
45.9 
44.0 

ICGV 86144 
ICGV 86146 
ICGV 86i45 

ICGS(E) 218 
ICGS(E) 220 
ICGS(E) 219 

2.55 
2.33 
2.55 

2.83 
2.98 
3.25 

1.58 
1.57 
1.68 

2.13 
2.18 
2.47 

67 
68 
68 

76 
74 
77 

33 
32 
36 

43 
44 
42 

45.2 
45.6 
46.0 

43.6 
44.6 
44.3 

Controls 
Kadiri 3 Robut 33-1 1.37 2.27 0.50 1.56 45 69 26 38 44.6 46.3 
JL 24 2.19 2.64 1.37 1.95 66 74 37 46 46.8 45.6 
Chico 1.08 1.07 0.61 0.78 63 75 21 24 53.0 50.9 
SE ±0.16 ±0.20 ±0.12 ±0.14 ±2.5 ±1.3 ±1.3 ±1.7 ±0.6 ±0.7 

Trial mean (36 entries) 2.03 2.72 1.04 1.88 56 70 32 42 46.3 46.7 
CV (%) 14 13 20 13 8 3 7 7 2 3 

Efficiency over RBD 138 118 121 122 117 127 105 96 119 141 

I.High input =60 kg PO ha- ,with irrigation and insecticide sprays. 
2.SMK = Sound, mature kernels. 

tions. We made single-plant selections from nut selections with high yielding pest- and di
these germplasm lines and purified them for pod sease-resistant breeding lines to combine these 
and plant characteristics, characters innew confectionery lines. 

During 1986, we established a facility to We evaluated 28 large-seeded selections 
screen breeding lines for dormancy of cured against two control cultivars, M 13 and Chan
seeds from early maturing breeding lines trials. dra, under high-input conditions in the 1986 
We screened the staggered harvests of 133 breed- rainy season at ICRISAT Center. Yields of some 
ing lines and identified six lines with limited seed promising selections are given in Table 23. Four 
dormancy of up to 30 days. Their maturities selections produced significantly greater pod
ranged from 105 to 110 days. yields than Chandra, the higher-yielding of the 

two control cultivars. The fourth-ranking selec
tion ICGV 86570 (ICG(CG)S 57) had ranked 

Breeding Groundnut Genotypes for second in the 1985 rainy-season trial at ICRI-
Confectionery Requirements SAT Center (ICRISAT Annual Report 1985,

2 4 2 ).p.
From segregating populations of confectionery 
groundnuts, we made 61 new large-seeded bulk Nutritional and Food Quality Studies 
selections with emphasis on uniformity of pod 
shape and seed size. We estimated oil and protein contents of 800 

We crossed promising confectionery ground- breeding lines grown in various trials in the 1985 
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Table 22. Oil percentage in selected early-maturing groundnut breeding lines in staggered harvests 
under high-input conditions' at ICRISAT Center, rainy season 1986. 

Oil (%) in SMK2 harvested at 
Entiy Original name 75 DAS 90 DAS .05 DAS 120 DAS 

ICGV 86053 
ICGV 86065 
ICGV 86066 
ICGV 86074 
ICGV 86077 
ICGV 86079 
ICGV 86091 

ICGS(E) 19 
ICGS(E) 34 
ICGS(E) 36 
ICGS(E) 61 
ICGS(E) 85 
ICGS(E) 90 
ICGS(E) 125 

51.4 
50.7 
51.9 
51.1 
50.9 
50.2 
50.7 

52.1 
50.7 
52.0 
50.6 
51.6 
50.1 
51.0 

51.6 
49.7 
49.9 
49.9 
50.1 
49.3 
50.7 

49.4 
50.4 
50.8 
51.2 
50.3 
49.5 
50.3 

ICGV 86103 
ICGV 86112 
ICGV 86117 

ICGS(E) 147 
ICGS(E) 174 
ICGS(E) 188 

51.0 
52.0 
53.2 

50.7 
51.7 
51.3 

50.0 
49.9 
50.5 

50.6 
49.5 
50.9 

Controls 
Chico 
JL 24 
Kadiri 3 
SE 
Trial mean 

Robut 33-1 

(36 entries) 

52.9 
44.2 
44.4 
±0.64 
50 

51.3 
45.3 
45.8 
±0.84 
49 

50.6 
45.0 
46.7 
±0.72 
48 

51.9 
47.2 
45.1 
±0.78 
48 

CV (%) 
Efficiency over RBD 

2.4 
149 

3.0 
108 

2.7 
112 

3.0 
136 

I. High input = 60 kg P,0 5 ha-1, with irrigation and insecticide sprays.
2. SMK = Sound, mature kernels. 

Table 23. Performance of some high-yielding confectionery groundnut selections under high-input
conditions', ICRISAT Center, rainy season 1986. 

Pod yield 100-seedEntry Original name Growth habit 2 (t ha-') mass (g)l 
ICGV 86563 ICG(CG)S 47 VB 3.36 78 
ICGV 86571 ICG(CG)S 60 SB 3.36 b4 
ICGV 86549 ICG(CG)S II VB 3.28 69 
ICGV 86570 ICG(CG)S 57 SB 3.27 69 
ICGV 86572 ICG(CG)S 61 SB 3.24 84 
ICGNV 86564 ICG(CG)S 49 VB 2.61 104 
Controls 

Chandra VR 2.67 81 
M 13 VR 2.49 75 
SE ±0.20 
Trial mean (30 entries) 2.68 
CV (%) 13 
Efficiency over RBD 100 

I. 5 x 6 = rectangular lattice design, plot size 4.8 m2; high input 60 kg P,05 ha-', with irrigation and insecticide sprays.
2. SB = spanish bunch, var vulgaris, VB =virginia bunch, var hypogaea, VR =virginia runner, var hypogaea. 
3. Recorded from bulk sample. 
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rainy season. The oil content in these lines varied Using Wild Arachis Species
from 37 to 53%, and their protein contents from 
18 to 30%. At Bhavanisagar, the oil content was We have produced a wide range of interspecific
high compared to other locations. We have derivatives, based on interspecific crosses between 
selected lines with high oil content (50% or more) section Arachisspecies, and between those spe
for further testing. cies and cultivated Arachis hypogaea. These

We started a new study to determine the rela- have all been screened for rust and late leaf spot
tionship between such quality characters as seed resistance, and selected lines have been screened 
size, oil content, and protein content. Our preli- for resistance to other constraints. Screening of 
minary results indicate a negative association derivatives and species showed that some had 
between oil content and protein content. The resistance to other pests and pathogens, so new 
association of 100-seed mass with oil and protein crosses were made to produce populations which 
contents was not significant. However, from could be screened in early generations for resis
tests on graded seed samples, we observed that tance to these constraints. 
within the same genotype oil content increased Our emphasis in the past year has been to 
as seed size increased and the seed size variation categorize the large number of derivatives, and 
could account for up to 6% variation in oil to initiate new crossing programs.
content. Priorities for crosses are changing. We have 

We have carried out biological evaluation of already produced many derivatives with resis
some of our cultivars and the results obtained tance to rust and late leaf spot, so species with 
with male Wistar strain rats are reported in resistance to other important pests and patho-
Table 24. We used a diet containing 10% protein gens are being used. Table 25 summarizes the 
to evaluate protein efficiency ratio (PER)---and current knowledge of resistances of wild species 
a casein diet as a reference standard. PER is in section Arachis. Resistances have been re
calculated as weight gained (g)! protein con- ported by other workers in Section Rhizonatosae 
sumed (g). The net protein utilization value of Series Eurhizomatosae(see Barriers to Hybridi-
ICGS 21 was significantly higher (P=0.05) than zation) and in Section Arachis Series Perennes. 
that of other cultivars, indicating its superior In our crossing program we concentrated on 
quality. The PERs ranged from 70 to 75% of the species resistant to insects and viruses, and spe
zasein value. cies resistant to early leaf spot to generate mate-

Table 24. Biological evaluation of selected groundnut genotypes, ICRISAT Center, 1986. 

Entry Original name 
Biological 
value (%) 

True protein 
digestibility 

(%) 

Net protein 
utilization 

(%) 

Protein 
efficiency 

ratio 
ICGV 87119 
ICGV 87121 
ICGV 87123 
ICGV 87124 
ICGV 87128 

ICGS 1 
ICGS 5 
ICGS 11 
ICGS 21 
ICGS 44 

55.5 
55.4 
57.8 
65.1 
52.2 

96.4 
95.7 
95.9 
99.4 
96.7 

53.5 
53.0 
55.5 
64.7 
50.5 

2.41 
2.42 
2.35 
1.97 
2.28 

SE ±1.67 ±0.61 ±1.68 ±0.07 
Casein (Standard) 76.0 96.4 73.3 3.24 

SE ±0.57 ±1.05 ±1.12 ±0.07 
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Table 25. Immune, resistant, and tolerant reactions of wild Arachis species to pests and pathogens. 
(Results from ICRISAT screening and various authors). 

Pest or pathogen'Section Series 
Species RUS LLS ELS PSV GRV PMV TSW PCV THR APH MIT JAS 

Arachis Annuac 
A. 	hatizocoi 12 
A. 	 duranensis I R R R 
A. 	 spegazzinii I R 

Arachis Perennes 
A. 	 helodes T 
A. 	 villosa I R R R 
A. 	 correntina I R R R R R R 
A. 	 cardenasii I I3 R R R R 
A. 	 chacoense I R R/I R R R R 
A. stenosperina R R R
 
Arachis spp R(1) 4 R(3)
 

A mbinervosae 
A rachis spp R(1) 

Caulorhizae 
A. 	 repens R I R R I R 

Eviranervosae 
.4. villosulicarpa 1 I 13
 

Arachis spp R(I)
 

Triseminalae 
A. pusilla I 	 R R R R 

Erectoides 
A. 	 benthainii R 
A. 	 paraguariensis I R I 

A. 	 rigonii R R 
A. appressipila I R
 
Arachis spp R(2) R(2) R(l) 1(3) R(3)
 

Rhizomatosae 
R 3A. glabrata R I R R R R R R R 

A. hagenbeckii I R I R R 
Arachis spp R(l) R(3) R/1(24) R 

1. 	RUS = Rust, Pucciniaarachidis TSW = Tomato Spotted Wilt Virus 
LLS =.ate leaf spot, Phaeoisariopsispersonala PCV = Peanut Clump Virus 
ELS = Early leaf spot, ('erco.Vora arachidicola THR = Thrips, Scirtothrips dorsalis 
PSV = Peanut Stunt Virus APH = Aphids, Aphis craccivora 
GRV z Groundnut Rosette Virus MIT = Mites, Tetranyvchus sp 
PMV = Peanut Mottle Virus JAS = Jassids, Enpoascasp 

2. 	I = Immune, R = Resistant, and T =Tolerant. 
3. 	Conflicting reports may be due to misidentification, or variation in the wild species, the pathogen, or the test conditions. 
4. 	Numbers in parentheses are numbers of species. 
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rial for our Regional Groundnut Improvement 
Program for Southern Africa. These were com-
bined as direct crosses, amphiploids, and autote-
traploids, incorporating A. batizocoi where 
necessary as the only source of the B genome. 

Crosses were also continued to introgress 
genes from the original and the new accessions 
(ICRISAT Annual Report 1985, pp. 241, 244). 
A. batizocoi, A. cardenasii, A. duranensis, 
A. Cldc(cense,A.stenosperma,Arachissp 30007 
and Arachissp 30081 were used to generate new 
populations for selecion, as these species con-
tain resistances to viruses and insect pests. 

Characterization of Advanced Generations of 
Wild Species 

Derivatives. Derivatives were sown in a split-
plot design to ascertain whether there were any 
differences between lines with similar disease 

resistance, pod yield, and pod and kernel charac
teristics. In previous trials these lines had high 
pod and haulm productivity compared to the 
controls, whether foliar diseases were present or 
not, so yields were compared between plots 
sprayed with fungicides to control foliar dis
eases, and plots where the diseases were not con
trolled (Table 26 and Fig. 7). Local controls 
showed a large increase in yield when diseases 
were controlled. Most of the derivatives, even 
though they were resistant to foliar diseases, 
showed yield increases when sprayed. Two geno
types produced much higher yields of pods (over 
60% increase) under sprayed conditions than 
when not sprayed (4.06 vs 2.39 t ha -1for CS 39 

-
and 4.06 vs 2.5 t ha' for CS 13). CS 13 was 
highly resistant to both pathogens, and CS 39 
was highly resistant to late leaf spot but only 
slightly resistant to rust. Thus, although they 
had on!y low levels of discase, the presence of the 
pathogen had caused a redtuction in yield in these 

Table 26. Effect of controlling foliar diseases with chlorothalonil (I)aconil®)on pod and haulm yields
(t ha -') of advanced ,.l - A rachis cardenasiiderivatives,ICP.ISAT Center, rainy seasonrachis hypogaea 
1986.
 

Pod yield (t ha-1) Haulm yield (t ha-') 
Entry Control (water) Daconil ® Control (water) Daconil® 
CS 39 2.39 4.06 3.58 5.75
820 2.67 3.36 5.42 7.92 
820/1 2.89 3.56 6.67 7.22 
845 2.72 3.44 5.11 7.P3 
904 2.39 3.61 4.89 7.22 
CS 3 2.67 3.72 4.86 7.22 
CS 6 2.97 3.36 5.69 6.11 
CS 13 2.50 4.06 4.72 7.36 
CS 16 3.00 3.42 5.22 7.06
2133 3.14 4.06 6.64 8.28 
2241 2.94 3.44 6.56 8.22 
2477 2.78 3.50 5.72 8.06 

Control 
Kadiri 3 1.28 3.33 2.25 4.11

JL 24 1.78 4.06 
 1.94 3.78 
SE ±0.36 ±0.58 
CV (%) 20.1 i6.9 
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0- / 	 derivative1.5- / O 	 0 Susceptible local A. hypogaea cultivars 
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Yield 	 of dried pods (t haA)- disease control 

- Seedo e so erivativeFigure 7. Yield of dried pods (t ha ') ofA rachis wild species derivatives with (+)and without (-)disease 
control, ICRISAT Center, rainy season 1986. 

two genotypes. One other resistant line, ICGV were lower than in 1985, but disease ratings were 
87218, also gave a higher yield when foliar dis- comparable, and the lines were stable. 
eases were controlled. 

A selection of resistant, high-yielding, and Slcino e eiaiesegregating lines (1CRISAT Annual Report 
1985, p. 246) were grown in the 1986 rainy sea- From material produced from crosses made overson. Overall yields, including those of controls, the period 1983-1985, using a wide range of wild 
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species parents and various ploidy manipula- drinking straw was slipped over the stem, a cen
tions, more than 1800 progeny row selections tral longitudinal cut made in the stem, the hybrid 
were screened for rust and late leaf spot reaction, shoot inserted into the cut, and the plastic tube 
and for pod characters. Desirable single plants slid up the stem to hold the scion in place and to 
and uniform progeny rows were selected for ensure good contact between stock and scion. 
cytological screening. Using this technique, we were able to establish 

Several hundred early generation hybrids and 97% of the scions from plants of A. h'pogaea
backcrosses, from F, to BC'4,I:, involving a and 95% ofthe scions from plants ofArachissp 
nunber of A. ht'vpogacdparents and a wide range 276233 using A. hypogaea seedlings as stocks. 
of section Arachis species, including new acces- Seventy-nine percent of hybrid shoots from in 
sions, were grown for preiliminary observations, vitro culture used as scions established a union 
and selections made for further selfing or with the stock and survived (Fig. 8), the 
backerossi ng. remainder Ofdied. those that became estab-

Sterile triploid hybrids pioduced when lished, only 27(,T grew furtherand developed new 
is crossed with diploid species, are 

rendered hcxaploid and fertile by colchicine was slow in most ofthem, and only 17% survived 
treatnient, and the hexaploids backcrossed to A. for more tan 4 months (Fig. 9). There was also 
ht"ogaca to regain tetraploidy and ful' compati- variation in leaf morphology, but detached leaf 
bility with cuItivars of groundnot. However, tri- te:;ts indicated that all the hybrid shoots were 
ploids dIo produce some seed tlrder ccrtain con- resistant to rust (Fig. 10). None of the grafted 
ditions (ICRI SAT Annual Report 1982, p.2 18), shoots produced flowers. These grafted hybrids
and in the 1986 rainy sealson all available ti- are being multiplied by grafting the new growth
p1oids were increased vegetatively bv cuttings, onto fresh stocks. From nine plants, 55 shoots 
and planted in the field. Most have produced have been grafted and 13 are growing at the time 
pegs, and many have produced pods. of reporting. 

A. h.'po tga';a 	 shoots. Although some shoots grew well, growth 

Barriers to Hybridization 

ICRISAT Regional Groundnut
Embryos resulting from liornione-aided pollina- Improvement Program for 
tions of' Arachis h'Vpogaea with Arachis sp 
276233 (Section Rhiotmatosae) had earlier Southern Africa 
given rise to call us, whose hybrid nature was 
verified by a study of csterasc profiles by disc The ICRISAT Regional Grouidnut Improve
electrophoresis(l('RI SAT A unual Report 1985, ment Program for Southern Africa is based at 
p. 	247). Chitedze Agricultural Rescarch Station, near 

.Shoots have bccn rcglarly and repeatedly Lilongwe, Malawi. Our work is concerned prim
produced on hybrid calli by Clture oi MS arily with the effective broadening of the genetic
mediiu iWithI0.5 rug I. rid 0.5 ng 1,113A P,but resources of the region and our priorities are 
promotion of an effective root system that will vested in breeding and selecting for increased 
support the shoot wlieni trarisferred to soil has yields, quality, and earliness, and for resistance 
not been achieved with suficiert regularity to to early leaf spot, rust, arid groundnut rosette 
satisfy the objective of the project. To achieve virus diseases.
 
the transfer of in vitro-grown hybrid shoots to
 
whole-plant systems, they where grafted onto Weather and growing co-iditions at Cliitedze.
 
2-week-old groundnut seedlings. The stem oftlie 
 Rainfall during the season (November 1985 to 
stock seedling was cut above the first true leaves, April 1986) was 1003 rm, II% above the long
a piece of plastic tube I cm long cut from a term mean of 898 am. Distribution was good 
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Figure 8. An established hybrid (G 229, Ara
chis hypogaea -Arachis sp 276233) 3 months LL 
after grafting onto a groundnut seedling, ICRI- 0 - -- 7 0 
SAT Center, September 1986. 0 1 2 3 

Time (months) 
Figure 9. Growth of grafted hybrid groundnut 
shoots, and shoot survival (%). (Vertical bars 
indicate range of shoot lengths), greenhouse 
trial, ICRISAT Center, 1986. 

Gi84 23023 

r) Arachis Irpogaea
TMV2 

G 226 22 9 G1 

Arachis Sp 276233 

Figure 10. Rust reaction of leaves detatched fronmArachislhypogaeaTMV 2 (susceptible), A rachissp
276233 (resistant), and six hybrid shoots (all resistant), laboratory test, ICRISAT Center, 1986. 
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and there were no dry spells; while this was con- selections, particularly so in valencia types, and 
ducive to high yields, it was also highly favorable that this seemed often, but not invariably, to be 
for the development of early leaf spot. associated with high yield, indicating disease tol-

The pH of soils in our fields ranges from 5.1 to erance. To test this hypothesis and to estimate 
5.5 and available phosphate is generally low. potential yields of'our ICR ISATselections when 
We consequently applied 40 kg ',5 ha-'. Our early leaf spot was not a limiting factor, we 
hybridization block and F, generation plots controlled the disease in a number of selections 
received standard plant protection measures to by application of chlorothalonil at IO-day inter
control early leaf spot m:nd aphids. All trials were vals, and compared yields from sprayed plots 
sown on 60 cin ridges with either 10- or 15-cm with yields from nontreated plots (Table 27).
spacing between plants according to the geno- Seed yields in excess of 5 t ha-I were obtained 
type's branching habit, from selections ICGMS 42 and ICGMS 30, an 

indication of the high yield potential of our 
germplasm accessions. When early leaf spot was 

Fungal Diseases not controlled, virginia and valencia selections 
gave the highest yields, and, with the exception

Early Leaf Spot (Cercospora arachidicola) of'selections IC(GMS 42 and 30, they responded 
least to control measures, suggesting that they

Early leaf spot assumes epidemic proportions have tolerance to early leaf spot. Rate of leaf fall 
every season at Chitedze. Last year (ICRISAT was most rapid in spanish types, where we 
Annual Report 1985, pp.249-250) we showed recorded 50% defoliation by 93 days after emer
that the rate of leaffall induced by early leafspot gence (DIAE), slower in virginia selections, 
was sign ificant ly slower than average in certan \where 50% defoliation occurred at 108 i)AE, 

Table 27. Response of selected virginia, valencia, and spanish groundnut types to early leaf spot 
control, Chitedze, Malawi, 1985/86. 

Seed yield (t ha-') 
Type Identity Nonsprayed Sprayed Response (%) 
Virginia ICGM 36 2.35 2.54 7.9 

Mani Pintar 3.62 4.22 16.4 
ICGM 623 3.40 4.28 25.8 
ICGMS 42 3.80 5.43 42.6 

Valencia ICGM 525 3.42 4.70 37.4 
ICGM 285 3.35 4.63 38.4 
ICGM 286 3.18 4.48 41.1 
ICGM 550 2.84 3.90 37.5 
ICGMS 30 3.34 5.87 76.1 

Spanish ICGMS 29 2.70 4.59 69.7 
ICGM 473 2.63 5.07 92.7 
Malimba 2.75 5.45 98.6 

SE ±0.16 

Trial mean (24 entries) 3.86
 

CV (%) 4.22
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and slowest in valencia selections, where 50% 
defoliation occurred at 112 DAE. 

We have initiated screening of wild Arachis 
species for resistance to early leaf spot under the 
exacting conditions at Chitedze. Out of 15 spe-
cies tested, only three, Arachissp30003, Arachis 
sp 30085, and an accession of A. chacoense, 
showed very high levels of resistance which 
might warrant their use as parents in the genera-
tion of interspecific hybrids, 

All 528 new germplasm and breeding material 
accessions received from ICRISAT Center and 
elsewhere were found to be susceptible to early 
leaf' spot. 

Virus Diseases 

Groundnut Rosette Virus (GV) Disease 

Field incidence of GRV was again very low 
%). 1utu we mllanaged a successful rosette 

screni nrg nourse ry and achieved inoverall GRV 
incidence of 98(,;. 

Inheritance studies. \Ve conducted a detailed 
.;tudy on the inheritance of resistance to RV, 
using parents, F and IF-reciprocals, and their 
backcross generations. Preliminary ()2 analyses 
of the ratio of susceptible to symptomless plants 
inthe field confirmed earlir observations as to 
the double recessive nature of resistance, and of 
the absence of reciprocal differences in crosses 
involving parents of different botanical cultivars. 

Vector ecology. We continued our studies on 
the dry-season ecology ofthe vector and virus by 
establishing I I bait plots in western districts of 
the Central Region of Malawi in Atugust 1986. 
All sites were infested with Aphiscraccivora, but 
no plant developed rosette disease. We deduce 
that, while A. craccivorais continuously present 
throughout the dry season, host-plant reservoirs 
of rosette viruses, assuming these to be present, 
are not accessible until the onset of the rains. 

The rosette viruses. GRV, the symptom-
inducing agent of rosette, requires the presence 

of a second virus, groundnut rosette assistor 
virus (G RAV) for transmission by the aphid vec
tor. In collaboration with the Scottish Crop 
Research Institute we studied the virus status of 
resistant and susceptible groundnut cultivars 
which had been heavily and repeatedly inocu
lated with both viruses by means of aphids. 
GRAV, but not GRV, was detected in all resist
ant cultivars, indicating that genes governing 
resistance to GRV do not confer resistance to 
G RAV. 

Plant Improvement 

(;ermphlsmn Ev:luation 

We evaluated 345 gerniplasm accessions 
obtained from the Zambia National program 
and 60 newly collected germplasm accessions 
froml'anizania. Fifty linesirhe beiig fturt her eval
uated whilIc the remainder are being maintained 
in our germ plasm collection. 

We carried out a final evaluationi of 77 !CGM 
lines in three replicated yield trials, using cutiv
ans important in the region as controls. Fifteen 
lines, 12 of which belong to the valeincia group, 
yielted significantly more than the highest
yielding control (Table 28). 

We selected 8 alternately branching lines, 5 
sequentially branching spanish lines, and 12 
sequentially branching valencia lines for ivnclu
sion in regional trials. We have initiated a new 
regional trial for valencia types in view of the 
importance and usefulness of this hitherto leg
lected grourp in southern Africa. 
W have now successfully concluded the eval

uation of 765 gerruplasm lines, and have identi
fled 25 that have performed consistently well at 
(ihitedze. 

Hybridization 

We completed a total of 151 crosses in the field. 
These included 63 crosses among breeding and 
germplasm lines (ICGMS 29, ICGMS 30, 
ICGM 285, ICGM 550, ICGMS 42, ICGM 336, 
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Table 28. Performance of some of the ICGM lines in the elite germplasm triRl (valencia), Chitedze, 
Malawi, 1985/86. 

Time to Mean early
maturity Pod yield Shelling 100-seed Seed leaf spotIdentity Origin (days) (t ha-1) % mass (g) color score'
 

ICGM 284 Brazil 116 3.64 74 
 32 Red 9
ICGM 550 Sudan 115 3.57 67 53 Purple 8
ICGM 525 Argentina 116 3.52 67 47 Purple 8
ICGM 285 Brazil 108 3.42 73 38 Red 9

ICGM 286 Brazil 115 3.34 74 
 35 Red 9
ICGM 281 Bolivia 118 3.30 71 31 Red 9

ICGM 189 Brazil 115 3.28 
 75 35 Red 9
ICGM 197 Bolivia 115 3.20 75 30 Red 9 

Control
 
ICGMS 30 ICRISAT 124 2.83 70 
 38 Tan 9 

Malawi 

SE ±1.1 ±0.07 

Trial niean (36 entries) 110 2.7 

CV (%) 2.0 5.1 
1. Scored at 90 days after energence on a 1-9 scale, where I = no disease and 9 50-100% of foliage destroyed. 

ICGM 623, Egret, ICGM 473, H3/5, and OG and the remainder were sown in observation 
69-6-6-1 x NC Ac 17090) which had given high plots. All new populations were severely defol
yields and had retained their leaves well under iated well before harvest. We selected 3 interspe
conditions of severe early leaf spot pressure at cific derivatives and 12 A. hypogaeapopulations
Chitedze. A total of 13900 pollinations were and made 16 selections from them. 
made which resuited in 2820 hybrid pods, a 20% From 231 old F 3-Fj1 populations that 
success rate. included foliar diseases-, pest-, and Aspergillus

Twenty-four crosses among bold-seeded types ilavus-resistant lines, we retained 110, and made
(VAL 72, ICGM 376, TG I, ICGM 419, ICGM 113 bulk and II single plant selections. Eight
620, ICGM 367, Ah 114, RRI/24, RRI/6, and bulk selections and one single plant selection 
Chitenibana) were made in the greenhouse, 2300 were rated visually as good for pod yield. These
pollinations resulted in 40G hybrid pods, a suc- selections were 85/FDRS/ 18 (Colorado Man
cess rate of 17%. fredi x DHT 200) F7-B1 , F5/FDRS/ 18 (Colo

rado Manfredi x DHT 200) F7-B 2, 85/Rust 
F4 / 19 (ICGS I x(SM I x EC 76446(292)))F 5 -Bj, 
85/Rust F4 /19 (ICGS I x SM 1) x ECBreeding for Disease Resistance 76446(292)F 5 -B2, 85/Rust F5 /16 (Manfredi x M 
13) x PI 215696)F 6-BI, 85/Rust F,/ 16 (ManfrediBreeding material. We received 123 new rust- x M 13) x PI 215696) F6-B2; 85/ Rust F7/ 23 (J II 

and late leaf spot-resistant interspecific deriva- x TG 3) x NC Ac 17090)F-BI, 85/Rust F7/24 (J
tives and 85 A. hypogaea populations from II x TG 3) x NC Ac 17090)F7-B1 , and 
ICRISAT Center. Thirty-fourA. hypogaeapop- 85/SPS/98((Chico x PI 259747) x Robut 33-1-,
ulations were evaluated in a replicated yield trial l0-3)F 5-P 2-B1 . 
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A total of 71 selections were identified for 
advance into replicated yield trials. 

Yield trials. In the replicated yield trial of the 
new foliar disease-resistant material, four selec-
tions significantly outyielded the control cultivar 
ICGMS 2 Based on pod shape, seed color, and 
pod yield, 10 selections were promoted to the 
elite yield trial and one to the regional yield trial. 
Most of these selections scored 8 or 9 for early 
leaf spot at harvest time on a9-point scale where 
I=nodiseaseand9=50-100/( foliagedestroyed. 

Rosette resistance scr~cniPg. We screened 26 
F, populations in the !ield, and retained lOS out 
of 1263 symptomless plants. Of these, 20 
belonged to the sequentially brar-hing group. 

We also screened 161 plant procenies arising 
from rosette-resistant F, plnts, a0A 35 bulk 
progenies arising from bulked symptomless F,
plants which were subsequently found to be sus-
ceptible in greenhouse tests. We made 24 plant
and 20 bulk selections from this material. These 
will be screened again in the 19,"6/87 season. 

Breeding for High Yield and Quality 

Breeding material. We sowed 79 F, crosses to 
confirm their hybridity and to advance them to 
the next generation; four were rejected because 
of doubtful hybridity. Most crosses which in-
volved indigenous cultivars and promising ICRI-
SAT breeding and germplasm lines performed 
poorly. 

We grew 607 F2-F13 populations for visual 
selection for pod yield and discarded 455. From 
the remainder we made 159 bulk and 33 single 
plant selections. We identified 81 bulk selections 
for replicated yield trials, and kept the remainder 
for further selection and generation advance. 
The performance of most of the selections was 
visually rated either as average or average-to-
good. We made two good virginia bunch selec
tions from an F2population, Egret xICGMS 5. 

Yield trials. We evaluated 40 confectionery 
groundnut lines in two replicated yield trials, 

Only two cultivars, M 13 and SP 1,significantly 
outyielded the local cultivars, Chalimbana and 
Chitembana. In general, there was a marked 
reduction in seed size of introduced confection
ery lines. Among the introduced material the 
highest 100-seed mass (67 g) was recoi'ded for 
ICGV 86547 and ICGV 86564 but this ,.,'as lower 
than the average for the local confectionery cul
tivars Chitembana (79 g) and Chalimbana (92 g).

We evaluated 153 breeding populations in 
four replicated trials. Of the 42 tested in prelimi
nary trials, seven outyielded the highest
yielding control. Of the 101 tested in elite trials, 
33 gave significantly higher pod yields than the 
highest-yielding control. The performance of 
some of these line- isshown in Taole 29. Twenty
four lines were piomoted to our regional trials. 

Regional Trials 

The virginia .i,.'tivar trial was grown at three 
locations in tw_, ,:ountries and the spanish cul
tivar trial at seven locations in four countries. 

At all three virginia trial sites, ICGMS 42 
maintained its significant pod yield superiority 
over local varieties. 

Spanish cultivar trials in Mozambique 
(Maputo), Botswana (Sebele), Malawi (Ngabu
and Lupembe), and Zambia (Magoye), were 
adversely affected by highly variable emergence, 
poor plant stands, or very low shelling percen
tages, with consequently high coefficients of 
variation; yield differences were not significant. 
However, at Chitedze (Malawi) ICGMS 5, 11, 
29, and 30, and at Masumba (Zambia) ICGMS 
11, 12, 15, and 31, significantly outyielded the 
best local control entries. 

We supplied sets of regional trials seed for the 
1986/87 season to Angola, Botswana, Lesotho, 
Malawi, Mozambique, Zambia, and Zimbabwe. 

Regional Program for 
West Africa 
The groundnut improvement program was 
established at the ICRISAT Sahelian Center 
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Table 29. Performance of some of the breeding populations in elite yield trials, Chitedze, Malawi, 
1985/86. 

Entry Pedigree 

Time to 
maturity 
(days) 

Pod 
yield Shelling 

(t ha-1) % 

Mean early 
100-seed leaf spot 
mass (g) Seed color score' 

Alternate branching
 
ICGMS 49 84/Phoma/7-B,(P84/6/20)-B 2 154 5.16 69 60 Red 8
 
ICGMS 50 84/Phoma/6-B(P84/6/20)-B, 155 5.00 71 48 Red 8
 
ICOMS 51 84 1Phoma/5..1 (P84/6/12)-Bj 162 4.74 66 53 Tan 8
 
ICGMS 52 84/PP/140-B(CG st.20/I)-PI 141 4.34 75 62 Tan 9
 
ICGMS 53 84/ISMT/31(CS 43)-B, 155 4.13 76 46 Tan 9
 

Local control
 
Mawanga 153 4.01 68 
 54 Variegated 8 

SE ± 2.3 ±0.06 

Trial mean (64 entries) 138 3.29 

CV (%) 3.3 3.8 

Sequential branching 
ICGMS 55 84/ Phoma/ 10-B,(ICGM 291-B 1 ) 123 3.82 65 48 Tan 9 
ICGMS 56 84/HYQF 9-B (Goldin I x 124 3.02 69 30 Red 9 

Faizpur 1-5 x Manfredi x M 13)

ICGMS 57 84/RYT/8(JH 60 x PI259747)-B, 123 2.86 68 37 Purple 8
 
ICGMS 58 841i HYQ BST/II(ICGS 31) 124 2.80 67 44 Red 8
 
ICGMS 59 84/RYT/5(Colorado Manfredi 101 2.78 75 35 Red 9
 

x DHT 200)-B, 

Local control
 
Malimba 109 2.13 
 75 28 Tan 9 

SE ±1.5 ±0.06 

Trial mean (36 entries) 111 2.37 

CV (%) 2.6 4.9 

I. Scored at 90 days after emergence on a 1-9 scale, where I no disease and 9 = 50-100% of foliage destroyed. 

(ISC), Niamey, Niger, in 1986. Cooperating with early 1987. As an interim arrangement, ICRI
the national and international research pro- SAT Center seconded a pathologist to ISC dur
grams on groundnut in West Africa, the ISC ing thu 1986 rainy season to survey the diseases 
Groundnut Program aims to develop high- of groundnut in Niger, to identify suitable loca
yielding breeding lines adapted to various agro- tions for the 1987 rainy-season trials, and to help 
ecological zones in West Africa with resistance prepare the work plan for the Groundnut Pro
to the biotic and physical stress factors that limit gram at ISC. 
groundnut production, to develop agronomic Useful contacts for cooperative research were 
practices suitable for small farmers in the region. established with various scientists working on 
An agronomist has already been appointed and groundnuts in national programs and with 'ln
a breeder and a pathologist will join the team in stitut de recherches pour les huiles et ol6agineux 
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(IRHO) and the Peanut Collaborative Research 
Program (Peanut-CRSP) in Burkina Faso, Gui-
nea, Niger, and Nigeria. 

Multiplication of Germplasm and Breeding 
Lines 

One hundred and sixty-two high-vie',,ing breed-
ing lines and 67 germplasm lines '-cted for 
resistance to rust, late leaf spot, Aspcigiilus fla-
vus, jassids, thrips, drought, and for confection-
ery purposes, obtained from ICRISAT Center 
were multiplied in field plots at Bengou, Niger, 
during the 1986 rainy season. These lines will 
form a genetic base for future research at the 
ISC. They have been harvested and are being 
evaluated. 

Cooperative Activities 

Asian Grain Legumes Network 

The Asian Grain Legumes Network (AGLN), 
known until 17 December 1986 as the Asian 
Grain Legume Program (AGLP), was initiated 
at the beginning of 1986 to strengthen the col-
laboration between ICRISAT's Legumes Pro-
gram and scientists in Asia working on ICRI-
SAT's three mandate legume, crops; groundnut, 
chickpea, and pigeonpea. The concept for this 
Network came from two meetings held at ICRI-
SAT Center, the Consultative Group Meeting 
for Asian Regional Research on Grain Legumes. 
11-15 December 1983,(ICRISATAnnual Report 
1983, p. 225) and the Review and Planning Meet-
ing for Asian Regional Research on Grain 
Legumes, 16-18 December 1985, (ICRISA'! 
Annual Report 1985, p. 258). 

The Coordinator of the Network was appointed 
on 1January 1986 with an Office in the Legumes 
Program at ICRISAT Center. The Network has 
a special relationship with India because of the 
many cooperators associated with ICRISAT 
through ICAR. The Coordinator visited the 

People's Republic of China in late 1985 and will 
visit again early in 1987. During 1986 the Coor
dinator visited all the other countries that are 
presently in the Network (Bangladesh, Burma, 
Indonesia, Nepal, Pakistan, The Philippines, Sri 
Lanka, and Thailand). Contact has been made 
with other countries in Asia and visits made to 
the Republic of Korea, Japan, and Taiwan. 

These visits have been used to carry through 
the recommendations put forward by the Review 
and Planning Meeting mentioned above. Con
tacts were made to integrate AGLN activities 
with those of regional and international organi
zations. Preliminary surveys were made to deter
mine disease and pest incidence as a basis for 
recommending appropriate research activities. 
Enquiries were made on the need to collect 
germplasm of the three legume crops in each 
country. Plans were made witil the Regional 
Co-ordination Center for Research and Devel
opment of Coarse (irains, Pulses, Roots, and 
Tuber crops in the Humid Trnpics of Asia and 
the Pacific (CGPRT) in Bogor, Indonesia, to 
conduct a socioeconomic survey of groundnut in 
Indonesia and Thailand. The need for joint spe
cial projects with national programs for basic 
studies were ascertained. Training requirements 
and personnel requiring training were identified. 
An indication of the agroclimatological data 
available in each country was obtained. These 
data can be used to identify agroecological 
zones, within which specific legume genotypes 
can be recommended. A genotype x environ
ment study, in conjunction with the Australian 
Centre for International Agricultural Research 
(ACIAR), was planned. 

The Director General of ICRISAT signed a 
Memorandum of Understanding (MOU) in 
Dhaka, Bangladesh on 9 September 19d6 with 
the Director General ofthe Bangladesh Agricul
tural Research Institute and another in Ran
goon, Burma on 10 September 1986 with the 
Managing Director of the Agriculture Corpora
tion. These MOU's indicate the interest these 
countries have in collaborating with ICRISAT 
on research on grain legume crops, and will facil
itate the movement of scientists and material 
between ICRISAT and these countries. ICRI
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SAT already has MOU's with Pakistan, The identified as new sources of earliness. These lines 
Philippines, and Thailand. matured 10 days earlier than the commercial 

cultivar UPL-PN 4. 

Cooperation with AICORPO
 
Confectionery Groundnut Varietal Trial
 

During the 1986 rain) season we grew ten 
rainfed and three irrigated AICORPO- An International Confectionery Groundnut 
sponsored trials on Alfisols at ICRISAT Center. Varietal Trial was sent to 27 locations in: Asia 

All rainfed trials failed due to severe drought (13), Africa (10), North America (2), South 
in October. The irrigated trials included two America (1) and Europe (1). In the 1985 trial, the 
Hand Picked Selection Varietal Trials(H PSVT) larger-seeded ICGV 86573 (100-seed mass >70 
and one Bud Necrosis Disease Resistant Varietal g) outyielded the local controls in Burkina Faso,
Trial (BNDRVT). In the H PSVT (New). ICGV Cyprus, Gabon, Senegal, Sudan, and USA. In 
86028 and in the HPSVT (Old), iCG(CG)S 15 Cyprus, ICGV 86564 was found superior bothin 
gave marginally higher yields than the control seed size(100-sced mass 99 g) and pod yield (7.2 t 
cultivar M 13. ha-').In the BNDRVT, four ICRISAT to the local control (100-seed mass 84 g
selections, ICGV 86029, ICGV 86030, ICGV and pod yield 6.8 t ha-'). This line is beingconsi
86031, and ICGV 86032 significantly outyielded dered for release in Cyprus. Similary, ICGV 
both controls, J L 24 and TM V 2. The best line, 86564 gave 00% higher pod yield (3. I t ha-') than 
ICGV 86030 gave 3.4 t pods lia- compared to the local coii , -, Banki, in Pakistan.
 
the 2.3 t ha-I of JL 24.
 

The current stytus of ICR ISA'T lines undergo
ing rainy and postrainy multilocational testing Foliar Diseases Resistance Trial
 
in the AICORPO system is shown in Tables 30 
and 31. ICGS 44, that could not be evaluated in An International Foliar Diseases Resistance 
the 1985/86 postrainy season adaptive trials in Trial with 46 rust- and/or late leaf spot-resistant
the Western Zone (Gujarat), is now being tested selections was sent to 8countries in 1986. Results 
in the 1986/87 postrainy season, from 1985the trial indicated superior perfor

mance of resistant ICRISAT lines ;n Thailand 
and Bangladesh. In Thailand ICG(FDRS) 64International Trials gave 3.9 compared t ha-'t ha -' to 2.2 by the 
rust-susceptible local control, Tainan. In Ban

Early-maturing Varietal Trial gladesh, ICG(FDRS) 42 gave 3.6 t pods ha-' 
compared to 1.6 t ha-' by the local control,

An international trial consisting of 24 early mat- Dacca I. 
uring lines was constituted and sent to 17 loca
tions in Asia (10), Africa(5), and North America 
(2). Results of the trials received during 1986 
were quite encour!:ging. In Haiti, ICGV 866oi Pest Resistance Trial 
yielded 51% more seed and mattured seven days 
earlier than the local control. In the Philippines, In 1986 we sent an International Pest Resistance 
ICGV 86077 produced 1.8 t pods ha-' as against Groundnut Varietal Trial with 9 entries to 12 
0.9 t ha -i from the local control cultivar. ICGV countries. In Bangladesh, several ICRISAT
86063 gave 3.4 t pods ha-' compared to 2.6 t ha-' bred pest-resistant selections outyieldled the 
from the local control, Tainan 9, in Thailand. At local control. The best line, ICGPRS 92, gave
the Institute of Plant Breeding at Laguna in The 3.8 t dried pods ha-' as against 2 t ha-' from the 
Philippines, five of the ICRISAT lines were local control, Dacca 1. 
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Table 	30. Current status of ICRISAT entries in AICORPO rainy-season trials 1986. 

Trial 


Adaptive Trials 


National Elite Trial (virginia runner) 


National Elite Trial (virginia bunch) 


National Elite Trial (spanish bunch) 

Coordinated Varietal Trial (virginia bunch) 

Coordinated Varietal Trial (spanish bunch) 

Initial Evaluation Trial (virginia rulner) 

Initial Evaluation Trial (virginia bunch) 

Initial 	Evaluation Trial (spanish bunch) 
Old 
New 

Extra 	Early Varietal Trial 

Hand Picked Selections Varietal Trial 
Old 
New 

Foliar 	Disease Resistant Varieties Trial 

Bud Necrosis Disease Resistant 
Varietal Trial 

Entry 	 Zone' 

ICGS 	 11, 1, 5 1
 
ICG (FDRS) 4 	 5
 

ICG 2271 
 6
 

ICGS 4, 6 	 4, 5
 
ICGS 47 	 ! 

ICG (FDRS) 4 	 3, 4
 
ICG (FDRS) 10, ICGS 44-1 1, 5
 
ICGS 51 	 3,4 
ICGS 26 	 4
 
ICG (FDRS) 1 	 5
 
ICG (FDRS) 23 	 I
 

ICGS 76 	 4, 5
 
ICGS 	65, 76, 49, 18 4
 
ICG (C) 8, 12 	 5,6 
ICGS 	79 5
 
ICG (PRS) 92 	 6
 

ICG (FDRS) 43 	 1, 3, 4, 5, 6
 
ICGS 	82 I, 3
 
ICGS 	81 1,6 
ICGS 	57, 44-1, 75, ICG (FDRS) 1 4
 

ICG 2271 	 3, 4, 5
 

ICG (PRS) 92 	 2, 5
 
ICGS 65 2
 
ICGV 86001 to 86007 1, 2, 3, 4, 5, 6
 

ICGS 75 3
 
ICGV 86008 to 86013 I, 2, 3, 4, 5, 6
 

ICGV 86014 to 86017 I, 2, 3, 4, 5, 6
 

ICG (CG) 8 10 to 13, 17 to 21, 49 1, 2, 3, 5, 6
 
ICGV 86024 to 86028 1, 2, 3, 5, 6
 

ICG (FDRS) 34 10 selected locations
 
ICGV 86018 to 860,3
 

ICGS 11, ICG(FDRS) 4, In selected locations
 
ICGV 86029 to 86034
 

I. Zone I - Northern zone (Uttar Pradesh, Parts of Haryana, Punjab, Rajasthan, and Bihar).
 
Zone 2 - Western zone (Gujarat).
 
Zone 3 - Central zone (Parts of Maharashtra and Madhya Pradesh).
 
Zone 4 - Southeastern zone (Orissa and West Benga!).
 
Zone 5 - Peninsular zone (Andhra Pradesh, Karnataka, and parts of Maharashtra).
 
Zone 6 - Southern zone (Tamil Nadu).
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Table 31. Current status of ICRISAT entries in AICORPO Postrainy (rabi/summer) season trials, 
1986/87. 

Trial' Entry Zone' 

National Elite Trial ICGS 37 Northern 

Coordinated Varietal Trial ICGS 21, 44, ICG (FDRS) 33 Southern 

Initial 	Evaluation Trial 
Old ICGS 103, 105, 84, 103, 105 Northern and Southern 

New 	 ICGS 87, 109, ICG (FDRS) 61, 68 Northern and Sout! ern 

Initial Evaluation Trial (early lines) ICGS (E) 21, 18, 20 	 Northern and Southern 

1. All post rainy-season entries are spanish bunch types. 
2. 	Northern zone = Punjab, Uttar Pradesh, Rajasthan, Haryana, Gujarat, Madhya Pradesh, and parts of Maharashtra 

Southern zone = Orissa, parts of Maharashtra, Andhra Pradesh, Karnataka, and Tamil Nadu. 

ICRISAT Breeding Lines in National ented special papers on the utilization of wild 
Trials Arachisspecies in groundnut improvement, and 

on groundnut entomology. 'Tile ICRISAT 
We have supplied seed of high-yielding breeding regional team reviewed progress and activities 
lines to various countries, and our cooperators subsequent to the first workshop held in 1984 in 
are using several of them in their groundnut Lilongwe (ICRISAT Annual Report 1984, 
improvement programs. ICGS 11, 12, 25, 33, p.243). National program scientsts reported on 
and 36 are in intercropping trials in Burma; their research progress in groundnut breeding, 
ICGS 36, 39, and 43 are producing pod yields of agronomy, pathology, and entomology. The 
3.5-4.6 t ha-1 in trials in Surinam; ICGS 6, 11,35, proceedings of the workshop are in press and 
44, 76, and 812 are yielding 3 t ha-1 in trials in will be available from Information Services, 
Bangladesh; and ICGS 4, 33, 34, 37, and 44 are 	 ICRISAT. 
yielding over 3.5 t pods ha- in Pakistan. 

Groundnut Scientists' Mei 

Workshops, Conferences, and 	 The mc,.ting was held at ICRISAT Center, 
India, 29-30 September. There were 22 partici-Seminars pants, most of whom were cooperating scientists 
from AICORPO, but also included representa-Second Regional Workshop on 	 tives of national groundnut programs from 

Groundnut Research and Improvement 	 Nepal, Pakistan, and Sri Lanka. Visiting scient
in Southern Africa ists, in-service fellows, and trainees attended the 

field visits and discussion groups. ICRISAT 
The meeting took place in Harare, Zimbabwe, groundnut scientists demonstrated their 
10-14 February. There were 28 participants research work in both fields and laboratories. 
representing national research programs in Participants from Nepal, Pakistan, and Sri 
Botswana, Ethiopia, Mozambique, Swaziland, Lanka outlined groundnut production con
and Zambia. ICRISAT Center scientists pres- straints and described ongoing research it, their 
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countries, and representatives of the major 
groundnut-growing states Indiaof reported 
problems and research progress in their areas. 
There was a special session on strategies for 
enhancing groundnut production in South Asia, 
where participants discussed the failure to 
increase groundnut production in the region, 
and considered how best to close the gap 
between the present low average and high poten-
tial yields. 

Looking Ahead 

Drought. We will continue to study mecha-
nisms determining genotypic variation in 
drought recovery and tolerance. Screening of 
germplasm and breeding lines for drought toler-
ance will continue at ICRISAT Center and 
research will be initiated in West Africa. There 
will be continued interest in interactions of 
drought with fungal invasion of' pods and with 
calcium nutrition. 

Diseases. Research on foliar fungal diseases 
will continue to receive high priority. In India, 
the emphasis will be on breeding for resistance to 
late leaf spot and rust. Screening for resistance to 
early leaf spot will be expanded with greenhouse 
trials at ICRISAT Center and field trials in 
northern India. Field screening for resistance to 
early leaf spot disease will be expanded in south-
ern Africa and in thewill start West African 
program. There will be increased emphasis on 
development of interspecific hybrid material for 
early leaf spot resistance. We will continue to 
evaluate cultivars with resistance to rust and late 
leaf spot in cooperation with national and 
regional programs, and to study the economics 
of foliar diseases management in cooperation 
with ICRISAT economists. 

We will continue to give high priority to 
research on the aflatoxin problem. Studies will 
continue on the interactions between drought, 
soil temperature, and invasion of pods and seeds 
by the aflatoxigenic fungi Aspergillusfiavusand 

A. parasiticus.Cultivars with resistance to pod 
and seed invasion by these fungi will be evalu
ated in different environments in cooperation 
with regional and national programs. 

Research on pod and stein rots caused by 
Sclerotium roltsiiwill be increased with particu
lar reference to groundnuts grown on Vertisols. 

The research on groundnut rosette virus dis
ease will continue to be coordinated from ICRI-
SAT Center, with studies on epidemiology and 
resistance breeding being based in the southern 
Africa Prograni. This work will be supple
mented by ,esearch in West Africa by the 
groundnut res'earch team now based at ISC. We 
shall also coordinate research into peanut stripe 
virus in East Asia. in cooperation with national 
and regional programs. Further disease surveys 
are planned for Asia and Africa. 

Insect pests. We shall continue to give priority 
to incorporating resistance to the thrips vector of 
bud necrosis disease into high-yielding, commer
cially acceptable cultivars. A similar approach 
will be made to breeding for jassid resistance. 

Wild Arachis species and interspecific hybrid 
derivatives will be screened for resistance to the 
tobacco caterpillar and aphids, particularly 
Aphis craccivora the vector of rosette virus in 
Africa and of other important groundnut viruses 
worldwide. 

Research to .,evelop integrated pest manage
ment system:. .,,ill continue using computer pro
grais to iete, mine optimal use of insecticides. 

In cooperation with TDRI .ve will iui-her 
investigate the damage caused to grr -.ndnut by 
termites, and work. on their management. 

We will carry out surveys in Asia and Africa to 
determine the status of groundnut pe.sts. 

Plant nutrition. We shall place less emphasis 
on symbiotic nitrogen fixation but give higher 
priority to investigating the role of mycorrhizae 
in groundnut nutrition. Utilization of rock phos
phate by various groundnut genotypes and 
VAM-fungal combinations will be studied. 

There will be further investigation of the cal
cium requirement of groundnut pods. Higher 
priority will be given to research on iron chlorosis. 
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Photoperiod effects. In collaboration with the Mehan, V.K., McDonald, D., and Ramakrishna, N. 
University of Bonn we will continue research 	 1986. Varietal resistance in peanut to allatoxin. Pea
into the response of groundnut genotypes todif- nut Science 13(l): 7-10. (JA 548)
 
ferent photoperiods. We shall 
 continue our ,Mlehan, '.K., McDonild, )., Ranakrishna, N.,and 
research into the interaction of photoperiod with Williams, .1.11. 1986. lffcts of genotype and date of 
resistance in some ground nut genotypes to foliar ha rvest on infection of peanut seed by ,,I. v,ill. 
fungal diseases. fivai and subsequent contamination with allatoxin. 

Peanut Science 13(2): I-5. (.IA 563) 
Plant improvement. B3reeding for resistance to Sinlh, A.K. 1986. 1 tiliation of wild rchatives in the 
stress factors and adaptive breeding for particu- genctic improvecint of .. rach.s hrpogacaI.. 7. Auto
lar traits will continue. We will extend evala- telrapolid production and prospects in interspecific 
tion of short-duration, foliar diseases-resistant, brecding. licorctic;,i anild Applied Genetics 
and confcctionerV cult ivars, to diffCrent coun- 72(2):164-!69. (.JA 510) 
tries. Cooperative research With ICRISAT bio- Singh, A.K. 1986. 1'tili/ation ot wild relatives in the 
chemists into seed quality factors for confection- genetic ifpiroment of .l'ac/ti.s hqpog'la .. 8. SNn
cry groundrnts, and into oil quality will be theticatuphidiphoidsandtheir impnrta nce ill interspe
expanded. cilic breeding. Hlhoretical and Applied Genetics 

\Vc will continue to screen newlaccessions of 72(4):433-439, (.1A 530) 
w Ild Arachis species for uscful traits and incor- Singh, A.K., Venkaleshimar, Ran iandA., T.I.S., 
porate them into desirable agronomic back- .loss. ,J.i. 1986. IMl ificd (; ait Ql: chromosome 
grounds. banding for .. rachi.s I.. chlrollSolcS. Current 

Science 55( 18):942-944. (.\ 590)
Publications 

Conference PapersInstitute Publications 
Gilbbons, R.W. 1986. Biological constraints toWorkshop and Symposia Proceeding 	 increased groundnut production in the semi-arid trop

ics. Pagcs 47-61 ill Agrometeorology of grountinut:I(iISA I(Ilternational (ClopsRseirch Institute for procccdin- oft i literriationial Syinposium, 21-26 
tIle Selmi-.\id ropicsiL 1980. Agrollllcteolologv (If .\ug 1985. ICR IS,\ I Sahc!ian (enter, Nianicy, Niger.
grouldnuit: proccedilgs ot al littrrlatiollal Sympo- Pitanciheri, A.P. 51)2 324 , lidia: I'RISA. (T252)I. 
sium. 21-26 1985. S.. I Saihclian ('ticlter,Aug W(.'I< 
Niaiey. Niger. Pattinicherm. A,.P 502324. i .h.han, V.K., .Icl)onl.ll, I).,,itnd Sii;brihnnyam, 
I'RIS . IS1N 92-9000-112-7. ((lF 038) I'. 1986. BZ %%acteriat 0fl grtundIut: control with 

eiphisis oil host plani resistance. Pages 112-119 in 
Ilacterial ll I disease in Asia and the South Pacific: 

Journal Articles 	 prolceedings of an Intenational Workshop, 8-10 Oct 
1985. los laiS., lagUlnl, Plhilippines. Canberra, 

Bunting, A.ll., (;ibbons, I.W., and Wynne, J.(. 	 Australia: Austitiian Centre fotr Iternational Agri
1985. Groundnut (.rahi. h.i )ogaca I..). Pages 747- cultural Rescarch. (UP1230) 
800 ill (;rain legume crops (S.",umnierfield. RIJ.. and M!oss,J.I.., and Sastiri, ).C. 1986. Wide hybridi/a-
Roberts. F!.., eds.). london, [K: Collins. tion in .. r whi.: problemsnsid prospects. Pages 41-50 

l)wivedi, S.l,., Amin, P.W., Rasheedunisa, Nig'm, in Ne\%gemietical approaches to crop iniprovenent 
S.N., Nagabhushalmnain. (.V.S., Rao, V'.., and (;ib- (Siddiqui, K.A., and Farutiui, A.N., eds.). Karachi, 
bons, R.W. 1986. (;cnctic analysis oftrichlnlec;irac- 'akistan: IDC1)Printing 'rcss. (('l) 67) 
ters a.ssociated witI resistance to jassid (Empoa.sca Reddv, I).V.., Nene, Y.1.., and Mcl)onald, I). 1986. 
Aerri IPruthi) in peanut. I eanut Science 13(l):15-18. Virus disease problems of groU:'.Jnut, chickpea, and 
(JA 518) pigeonpea in Asia. Pages 67-75 it Virus diseases of 
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RESOURCE
 
MANAGEMENT
 

The Resource Management Program (RM P), 
now one year old, seeks to integrate research 
over a wide range of disciplines from the physical 
sciences through engineering and agronomy to 
economics and sociology. Terms of reference are 
also broad, but the primary objective of the Pro-
gram can be stated in simple terms: to develop 
systems of production which match material 
from ICRISAT's crop improvement programs 
to the physical and social environments prevail-
Ing in the seini-arid tropics (SAT). In this con-
text, "matching" means attempting to maximize 
production without ;acrificing stability of yield 
from year to year and withou,t sqoandering irre-
placeable resources such istopsoil and ground-
water reserves. 

In terms of methodology, the program has 
three broad divisions which cut across its coin-
ponent disciplines. First, the resources of the 
SAT are measured at experimcntal sites (mainly 
in India and West Africa at present), at collabo-
rating centers, on farmer's fields, and in villages. 
This information is analyzed, assessed, and 
sto red in con prehensive dl,ta bases, comnpiaralle 
in function to the germplasi stored in the 
Genetic Resotirces Unit (G RU) and accessible to 
specialists both nationally and internationally. 
I:'or records the long series ofexample, from 
Village l.evel Studies (VI.,,) have been provided 
to more than 30 groups throughout the world, 
The collection and analysis of rainfall records is 
also central to the work of the Program because 
the undependable distribution of rain within 
growing seasons limits the maniptlation of all 
other resources within the SAT. 

The second main thrust of research is implicit 
in the name of the Program: tilemanagement of 
resources by procedures such as land shaping, 
water conservation, cultivation and fertilizer 

application, pest and weed control, and attempts 
to increase productivity by growing species in 
mixtures. The report that follows describes how 
such management practices attempt to over
come constraints on production which rarely 
operate independently. 

Finally, the Program monitors the rate at 
which new technology generated by IC ISAT 
and by other research centers spreads through 
the work of extension services. The impact of 
new hybrids or new management techniques on 
individual villages is then analyzed in terms of 
increased food supplies and their consequences 
for general well-being. This exercise provides the 
feedback that is essential for fort her improve
ments in technology. 

As this report demonstrates, the RMP has 
active links with scientists in the two Crop 
Improvement Programs, and with staff in a 
number of national universities as well as in 
orga,nizations such as the Indian Council lot 
Agricultural Research (ICAR). International 
collaboration incltdes project:- sponsored by 
universities and instit tions in lcrope, Japan, 
and North America. 

Even in very simple agricult ural systems, the 
use of resources by farmers inIoves the intuitive 
exploitation of many interacting resources. 
There is therefore no umiiqttely logical way of 
presenting the work of RMP which spans two 
continents, several major soil types, a range of 
rainfall regimes, and many different cropping 
systems. In the 1985 Annual Report, the main 
division was by soils but a methodological basis 
has been chosen for 1986. 'his arrangement 
emphasizes the point that, throughout the SAT, 
the same fundamental processes need to be 
explored and understood before resources can 
be managed with maximum efficiency. 
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Measurement and 

Analysis of Resources 


Physical 

Agroclitnatic Zonation for West 

African Semi-Arid Tropics 


Rainfall in West Africa shows a significant 
north-south gradient because of the intersea-
sonal movement of the Intertropical Conver-
gence Zone north and souIi of the equator. A 
range of natural vegetation patterns lies along 
this gradient. Almost all the climatic zonation 
schemes developed for West Africa have used 
these two criteria, i.e., mean annual rainfall and 
vegetation. However, the existing schemes may 
be considered inadequate inI terms of research onl 
crop improvement. Mean atnual rainfall alone 
cannot be couside red as a siTfficie ntlV uselIL 
index of probable season length since the potcn-
tial evapotralspiration (IPT). which changes 
from one region to anther, infltienc!s the pro-
portion of rainfall available for crop growth. 
Morcover, for antual cereal crops which are 
sown1 alld h1 ;according to pat-IarVcsted rainfall 
tern,; in a given year, the lost iIportant con-
straint is the available length of the growing 
season. In addition, soil characteristics such as 
textire. slope, and water-holding capacity play a 
very important role in cultivar performance. 

As criteria for soil-climatic ionation we have 
therefore used the length of tie growing season, 
computed from monthly rainfall and PF for 157 
stations in West Africa, and the soil type. We 
used growing season lengths of 60-100 days for 
the Southern Sahelian Zone, 100-150 days for 
the Sudanian Zone, and 150-210 days for tile 
Northern Guinean Zone. The choice of these 
groups is also based otthe present knowledge of 
predominant maturity durations of pearl rnillets 
and sorghuns grown in Wcst Africa. Growing 
season isolines for West Africa were superim-
posed on the Food and Agriculture Organiza-
tion of the United Nations (FAO)/United 
Nations Education, Scientific and Cultural 

Organization (UNESCO) map. In order to iden
tify a manageable number of soil/climatic zones,we used only the dominant soil, instead of the 
associated soils or the soil inclusions defined in 
the FAO/UNESCO map. From the extent of 
coverage of soils ineach climatic zone, the prior
ity soil/ climatic zones in West Africa could be 
reduced to 17 and are shown in Table I in order 
of their approximate extent. 

Probabilities of Dry Spells for Sorghum and
 
Pearl Millet Cultivation in West Africa
 

Precipitation probabilities are available for scv
cral locations in West Africa. These provide use
fill information, but are still ins;ufficient to 
answer tile specific question of probabilities of 
dry spell occurrences, since there are occasions 
when oiry-spell frequency is higher and sveres 
unrelated to rainfall totals. Common proced tIes 
for computation of dry spells are often based on 
a monthly calendar. These analyses have only 
limited value forspecific applicationstosorghum 
and pearl millet in West Africa since the sowing 
datt ,4 these crops and their phenology change
with rainfall distribution each year. To over
come this problem, we used the specific defini
tion of'onset of rains', in each year as the sowing 
date and computed the length of dry spells (or 
days until next day with rainfall greater than a 
thfreshold value) at different probability levels. 

l)ry-spell lengths at 90% probability level for 
Niamey, Niger (mean annual rainfall 560 um), 
Kaolack, Senegal (800 ini), Ouagadougou, 
lurk ina Faso (830 nm)and Sikasso, Mali (1300 
im) are shown in Figure I. These records show 

that dry spells in the phase from emergence to 
panicle initiation tip to 20 days after sowing 
(lDAS), are more probable than those during the 
panicle initiation to flowering phase (20-60 
DAS). At Niamey, the length of dry spells 
increases with time after 90 DAS. Kaolack and 
Ouagadougou, with nearly similar mean annual 
rainfall, show some differences in the lengths of 
dry spells. The length of dry spells becomes pro
gressively longer after 90 DAS at Kaolack and 
after 120 DAS at Ouagadougou. Since the dry
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Table 1. Soil/climatic zones, their approximate extent and priority ranking in the West African 
semi-arid tropics. 

Length of Approximate Percentage 
growing season extent f P'riority 

Soil type Climatic zone (days) (106 ha) total area ranking 

Luvisols Sudanian 100-150 32.0 16.7 I 
Arenosols Southern Sahelian 60-100 30.0 15.6 2 
Luvisols Northern Guinean !30-210 20.7 10.8 3 
Luvisols Southern Sahelian 60-100 10.3 5.4 4 

Acrisols Northern Guinean 150-210 10.6 5.5 5 

Nitosols Northern Guinean 150-210 5.0 2.6 6 
Vertisols Sudanian 100-150 5.5 2.8 7 
Vertisols Southern Sahelian 60-100 4.0 2.1 8 
Regcsois Sudanian 100-150 12.2 6.4 9 
Regosols Southern Sahelian 60-169 7.5 3.9 10 

Nitosols Sudanian 100-150 2.9 1.5 I1 
Fluv'sols Northern Guinean 150-210 2.2 !.1 12 
Fluvisols Sudanian 100-150 3.9 2.0 13 
Fluvisols Southein Sahelian 60-100 2.5 1.3 14 
Arenosols Sudavian 100-150 2.2 1.2 15 

Vertisols Norihern Guinean 1:41.210 1.8 0.9 16 
Planosols Southern Sahelian 60-100 2.4 1.3 17 

40- - Niamey , 

- -Kaolack 

Ouagadougou / 
E 30 --- "q Sikasso I 

I 

A 
/ 

.E 

I 
J/

I I 

I 

€"20 ! I 
CZ) 

0 

2/ 

0 , , 
50 90 130 150 

Days after sokwing 
Figure 1. Number of days until the next rainfall greater than 10 mm (at 90% probability level for at 
least 50 years data) at selected locations in West Africa. 
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spell analysis shown in Figure 1 is based on the 
computed date of sowing for each vear of rainfall 
records available, these data could be used as a 
guide for the various maturity durations of var-
ieties when brec(,;ng at different locations, 
Breeding strategies should be oriented towards 
maturity in 80 days at Niamey, in 90 days for 
Kaoiack, I O days for Ouagadougou, and 140 
days for Sikasso. 

Predicting and Exploiting Rainy-season 
Potential from the Onset of Rains in the 
Sudano-Sahelian Zone 

The unpredictable and variable nature of rainfall 
in West Africa has been extensively studied and 
is often given as the reason for frequent crop 
fai!ures. Although the existence of long-term 
trends is uncertain, it is clear that rainfall series 
for regions immediately south of the Sahara con-
tain extended periods of both high and low rain-
falh. Unfortunately no strategies have yet been 
evolved in the Sahelian region to cope with such 
climatic variations by considering actual or 
intraseasonal weather. We have developed a 
methodology termed "Weather-responsive crop 
management tactics" that combines knowledge 
from the analysis of historical rainfall data with 
current weather to make changes in manage-
ment depending on the onset of rains. The first 
field test of this methodology was carried out 
during the 1985 rainy season at the ICRISAT 
Sahelian Center (ISC). 

From an agronomic standpoint, the dates of 
onset and ending of the rains and the duration 
between the two, i.e., the length of the growing 
season, determine agricultural productivity in 
the Sahelian region. We have studied the associ-
ation between these three growivg-season char-
acteristics using the long-term daily rainfall 
record for 58 locations in Niger and Burkina 
Faso. Thedateofonsetofrains(X)isdefinedas: 
that date after I May when rainfall, accumulated 
over 3 consecutive days, is at least 20 mm, and 
when no dry spell within the next 30 days 
exceeds 7 days. The date of ending of rains (Y) is 
taken as: that date after ISeptember following 

which no rain occurs over a period of 20 days. 
The length of growing season (Z) is taken as the 
difference (Y-X+ i),For a!l the 58 locations, the 
variables X and Y were found to be normally 
distributed. We obtained the probabilities for 
growing-season lengths of varying durations for 
given dates of o.iset of rains. 

Computed probabilities of growing-season 
lengths for early, normal, and delayed onset of 
rains for selected locations in the SL helian Zone 
are in Table 2.These data show that an early 
onset of rains offers a longer growing season 
while delayed onset results in a considerably 
shorter growing season. For example, if the 
onset of rains at Niamey occurs 20 days earlier 
relative to the average date of onse of rains (12 
.June), there is a 43% probability that the grow
ing sca-on will exceed 115 days. On the other 
hand, if the rains are delayed till the end ofJune, 
there is only a 2% probability that the growing 
season will exceed the mean length of 95 days 
The implications of the above analysis are 'that 
crop management tactics in the Sahelian Zone 
may have to be altered depending upon the onset 
of rains. If the rains start early at a given loca
tion, it may be safe to plant those crop cultivars 
recommended for median-season lergth calcu
lated for that location. If precipitation is delayed 
10 days after the calculated average date of onset 
of rains, short-duration cultivars that will 
mature in the remaining growing season may be 
more productive. The objective here is to minim
ize the effects of drought hy making the most 
efficient use of the scarcL rainfall in a drought 
year, but to maximize production in the good 
years by exploiting the longer growing season. 

Field test. We tested this concept for the first 
time at ISC in the 1986 rainy season. The first 
rains of 26 mm fell on 18 May and eiiabled land 
to be prepared. Subseqi *nt rains exceeding 20 
mm totalled over 2 days canle on 22 and 23 May 
(20 days earlier than 12 June, the computed 
average date of onset of rains). This offered a 
43% probability for the giouiing season to 
exceed 115days(Table2). PearlmilletC1VTwas 
sown on 23 May in a trial designed to study the 
;esponse of pearl millet to actual and "assured" 
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Table 2. Probability of growing season length exceeding specified duration for variable onset of rains 
at selected locations in the Sahelian Zone. 

Mean annual 
Average 
growing Onset of' 

Probability that growing season 

will exceed length specified (%) 

Location rainfall (mm) season (days) rains (days)' 75 days 95 dayF 115 days 135 days 

Dosso 610 99 -20 100 98 52 2 
-10 100 83 14 0 

0 98 48 2 0 
+10 83 14 0 0 
+20 67 6 0 0 

Niamey 560 94 -20 100 98 43 1 
-10 99 81 7 0 

0 98 39 0 0 
+10 81 7 0 0 
+20 61 2 0 0 

Zinder 482 80 -20 100 97 27 0 
-10 100 69 3 0 

0 96 23 0 0 
+10 69 3 0 0 
+20 45 0 0 0 

Tahoua 385 76 -20 100 95 21 0 
-10 100 62 1 0 

0 94 17 0 0 
+10 62 1 0 0 
+20 38 0 0 0 

I. Days before (-) or after (+) average date for onset of rains (0). 

rainfall. The latter treatment was designed to early maturing, erect cowpea cultivar (IT84El
supplement, if necessary, the actual rainfall each 108), recommended by the International Insti
week with irrigation if the difference between the tute of Tropical Agriculture (IITA)/ICRISAT 
actual and the average rainfall (computed from cowpea program. We spread the pearl millet 
the daily rainfall data from 1905-1984 for Nia- stalks between the ridges as a mulch to conserve 
mey) indicated a deficit. During the 1986 rainy soil moisture during the early stages of cowpea 
season, actual rainfall fell below the average in growth. 
only 2 weeks (31 May to 6June and 7to 13 June). Our objective in sowing cowpea after pearl 
We gave two supplemental irriga ions, one of 10 millet was threefold. First, to exploit the long 
mm on 6 June and another of2l minon l14 June. growing season as indicated by the analysis of 

We harvested the pearl millet on 3 September onset of rains above; second, to discover whether 
when measured soil water contents were 190 mm a sequential crop ofcowpea significantly reduces 
in the rainfed soil profile and 210 mm in the the amount ofwater in the soil profile relative to 
irrigated treatment. The volumetric water con- a bare soil; and third, to evaluate the response of 
tent at different soil depths (Fig. 2)was adequate the sequential cowpea to "life-saving" irriga
throughout both profiles. On 4 September, we tions. The sequential cowpea consisted of two 
applied 100 kg diammonium phosphate ha-1 and treatments: rainfed and irrigated. We gave a 
reridged the field. On 8 September we sowed an supplemental irrigation of 40 mm to the irrigated 
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Volumetric water content (cm cm-') sequential cowpea did not yield much grain, but
0.02 0.04 0.06 0.08 0.10 hay yields were substantial, especially from the0.0 I I i irrigated treatment. We measured soil water on 

12 November, following the cowpea harvest and 
found a total in the 210-cm soil profile (Fig. 2) of 

-0.6- -06 103 mm in the irrigated, 99 mm in the rainfed,3\Sep. and 114 mm in the bare soil treatments. These 
differences in residual water content are not12 Nov. ' significant. 

1I Evaporation from sparse vegetation. This was 
'\ the second season during which we made
• detailed measurements of evaporation from 

_ 1.8 
a 

sparse dryland pearl millet crop at ISC. Prelimi1.81 nary results from the 1985 season (ICRISAT
IAnnual Report 1985, pp. 332-334) indicated that ..... Rainfed cowpea in this type cf vegetation much of the rainfall is. . . rigated cowpea lost as direct evaporation from the soil, and con-

Bare soil ventional methods of calculating crop water use 
- - - Rainfed pearl millet were often inaccurate. The principal aim of this 

Irrigated pearl millet season's work was to make further measure
ments of plant, soil, and total evaporation and toFigure 2. Soil water profiles at pearl millet use these to develop models that will give more

harvest and at sequential cowpea harvest, ISC, accurate predictions of sparse-crop evaporation.
Sadore , Niger, rainy season 1986, One of the main instruments used was the 

Institute of Hydrology's (UK) new evaporation 
measuring device called the "Hydra". Thecowpea on 12 Oc;.obcr. A further supplemental battery-operated instrument is composed of a

irrigation was planned for 30 October, but was sonic anemometer, that measures vertical wind
not given since we received 14 mm of rain on 29 speeds very rapidly, an infrared hygrometer, that
October. The cowpea was harvested on 12 measures humidity in the air with a beam of
November, yields for the pearl millet-cowpea infra-red light, and a thermocouple that gauges
sequential crops are shown in Table 3. The fluctuations in air temperature. These sensors 

Table 3. Crop yields (t ha-'), water use (WU), and water-use efficiency (WUE) of a pearl millet-cowpea
sequential cropping system, ISC, Niger, rainy season 1986. 

Pearl millet Cowpea 

WULE 
Grain Straw WU (kg fia-' mnr')) U- - Grain flay Water WUETreatment yield yield (mm) Grain Straw yield yield use Grain Hay 

Irrigated 1.73 4.10 398 4.4 10.3 0.05 0.68 237 0.2 2.9Rainfed 1.21 3.65 374 3.2 9.8 0.42 223 1.9 
SE ±0.10 ±0.41 ±7 ±1.2±0.31 ±0.01 ±0.01 ±4 ±0.05
 
CV(%) 10 15 3 12 
 17 50 33 3 



are linked to a microprocessor that analyzes the 
measurements as they are made, to give a direct 
measure of evaporation and heat loss from the 
crop. Evaporation from the pearl millet crop was 
quite variable during the comparatively wet 1986 
season. Actual evaporation ranged from around 
90% PE on days following substantial rain 
storm-, to about 50% PE in drier soil. Measure-
ments of soil moisture, made using a neutron 
probe, indicate that there were periods with sub-
stantial amounts of drainage from the soil. 

Human and Social 

Trends in Farm Size in the Indian SAT 

In 10 ICRISAT study villages in five represenla-
tive regions of the Indian SAT, historical pro-
files of land ownership and use for 400 sample 
households show a steadily declining trend in 
farm size (Fig. 3). That trend is especially pro-
nounced for the mean owned area whih fell 
from about 9.0 ha (among land owners) in 1940 
to about 4.0 ha by 1984. During those 45 years, 
some of the largest farms in the villages shed a 
considerable amount of land. That behavior par
tially accounts for the steeper decline in the mean 
relative to the median farm size in terms of 
owned and operational holdings (Fig. 3). 

Because the distribution of land ownership is 
skewed, the median size of holding gives a more 
realistic picture of what ishappening to farm size 
over time. The median operational holding 
declined from about 4.9 ha in 1950 to about 3.0 
ha in 1984. 

An increasing proportion of relatively small 
and more marginal farm households, and a sus-
tained increase in the number of holdings are 
other manifestations of the regularly declining 
farm size that we observed in 9 of the 10 study 
villages. Shrinking farm size is not unique to the 
Indian SAT, but has been clearly documented 
for many states and for the nation in the 5-year 
agricultural censuses of operational holdings. 

Declining farm size has implications for tech-
nology design and assessment. First, declining 
farm size diminishes the prospects for 
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watershed-based development in dryland agri
culture. More farms in a watershed means that 
more boundaries have to be covered in soil con
servation bunding programs. The scope for 
group action is also reduced if consensus has to 
be reached by a larger number of individuals. 
Additionally, shrinking farm size means an 
increase in the ranks of part-time farmers who 
may be less committed to agriculture and hence, 
more reluctant to invest time and money in 
improved land and water management practices. 
Secondly, a gradual but sustained drop in the 
numbers of large farmers, and a decline w their 
average size reduces the economic attractiveness 
of tractorization in the Indian SAT where the 
development of tractor-hire markets is con
strained by the covariate demand for agricultu
ral power. However, declining farm size should 
increase the demand for divisible, high-yielding 
improved varietal technologies. 
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Crop Rotation in Traditional 
Farming Systems 

Crop rotation, like intercropping, is one of the 
important features of traditional farming sys-
tems. Rotations satisfy multiple agronomic and 
economic objectives. They are temporal pheno-
mena; their understanding requires longitudinal 
data on cropping histories of fields. Plot-specific 
cropping information collected for 10 years in 
the ICRISAT Village Level Studies offered a 
unique opportunity to examine the extent to 
which farmers practiced rotations, 

The records show that farmers use rotations 
both for crops and for cropping systems. How-
ever, even when farmers understand the impor-
tance of crop or cropping systems rotation, they 
often fail to follow a predetermined order of 
crop successions. Rainfall during the sowing 
season, carry-over effects of preceding crops,
prices, and other variables often obstruct the 
planned sequepcing of crop successions. Infor-
mation on the degree to which farmers followed 
crop rotations in the study villages is presented 
in Table 4. In 30 to 40% of the 3-year cropping 
sequences, the planned rotation was followed by 
the farmers in different areas. In41 to 52%of the 
cases, the sequence was disrupted because other 
crops or cropping systems were substituted for 

crops or cropping systems appropriate to the 
rotation sequence. 

To a large extent, farmers attempt to capture 
the benefits of rotating crops through different 
spatial arrangements rather than tirough tern
poral ordering. Two examples of this are: con
tinuous intercropping with altered crop combi
nations or changed row arrangements of the 
same crops; and changed directions of crop sow
ing during different years. These arrangements 
canallowtherotationofcerealswirnlegumcs, or 
legumes with oilseed crops within a single plot, 
when rotating them between plots is not feasible. 
However, they offer no alternative for the crop
fallow rotation that has been an imp:v. :int prac
tice in SAT areas. Periodical re,:ling of land 
helped the recovery of soil productivity in sev
eral ways. But because of increased population 
piessure, the extent of the fallowing is now less 
feasible. 

A special enquiry into crop-fallow rotations, 
which involved some retrospective data collec
tion, indicated that the extent of fallowing has 
declined in all the study areas (Table 5). The 
proportion of plots fallowed for 4 years or more 
declined from 51 to 69% during the early 1950s, 
to 7 to 11% during the early 1970s. The propor
tion of plots fallowed for a shorter period of 1-2 
years increased in the latter period. 

Table 4. Important c'rop-rotation sequences in selected villages in three districts in the Indian SAT 
(1975-1984). 

Percentage of 
Number of rotation Completed Incompleted Distorted 

District sequences identified' sequences sequences2 sequences-' 
Mahbubnagar 196 40 16 44 
Sholapur 180 30 18 52 
Akola 212 36 24 41 
I. Events of crop, cropping systen that change with specific order of succession. If the sequence was repeated at least twice on 

the same plot during the reference period it was considered a rotation. Sequences lasted 2 to 4 years.
2. Incomplete due to lack of required information for one year preceding or succeeding the period of field work. 
3. Failure of potential sequence to materialize due to a single irregular crop/system change or event related to rainfall and/or 

other ex~gcncies. 
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Table 5. Comparison of duration of fallowing of plots as part of crop-fallow rotation at two points of 
time in selected villages in three districts in the Indian SAT'. 

Percentage of the plots fallowed between two 
Reference cropping sequences by period of fallow (years): 
periods: 

Region 
(District) 

No. of plots 
covered 

I Early 1950s 
I' Early 1970s I year 2 years 3 years 

4 years 
and above 

Mahbubnagar 45 I - - 31.1 68.9 
I1 22.2 55.6 15.6 6.6 

Sholapur 58 I - 15.5 32.8 51.7 
!1 29.3 38.0 22.4 10.3 

Akola 37 1 - 16.2 32.4 51.4 
II 29.7 37.8 21.6 10.8 

1. Based on plot-specific investigations conducted for crop rotation study during 1977/78. Information for early 1950s (the 
period of land reforms) was collected by retrospective enquiry. Respondents include both VLS panel farmers as well as others. 

An important implication of these findings is 
that the crops which can fit into more intensive 
cropping systems, and can ensure potential 
benefits of crop successions by means of their 
spatial arrangement within a plot, should get 
higher priority. The practice of crop rotation 
between plots, even if they are profitable, may 
not be adopted by the farmer because of climatic 
constraints and oher factors indicated earlier, 

Land Fragmentation, Subdivision, and 
Consolidation in the Indian SAT 

In such developing regions as the Indian SAT 
where population densities are relatively high, 
land fragmentation, or a spatial scattering of 
land holdings, is often cited as a deterrent to 
technical change. Land consolidation, in 
contrast, enhances the attractiveness of farm 
investment opportunities, particularly those 
relating to land and water management, 
improves factor-market access, diminishes the 
cost of labor supervision, and in general sets the 
stage for the expression ofimproved managerial 
performance. In the Indian SAT, despite these 
apparent benefits and the existence of opera-

tional programs in most states, consolidation 
schemes have been successful only on a wides
pread scale in the irrigated regions of Punjab, 
Haryana, and western Uttar Pradesh. 

To assess the need and prospects for land con
solidation in the Indian SAT, we conducted a 
detailed study on several aspects of land frag
mentation in 10 ICRISAT study villages located 
in five representative climatic and edaphic 
regions. We examined: 

* 	 the level of land fragmentation in the Indian 
SAT vis-a-vis other rural Indian regions;

0 	how fragmentation is changing within and 
over generations; 

* 	 the degree to which land subdivision at inher
itance is responsible for land fragmentation; 

0 the determinants of land subdivision at 
inheritance; 

0 	 how farmers perceive the costs and benefits of 
owning spatially scattered holdings; 

* 	 how closely those perceptions are reflected in 
empirical estimates of costs and benefits, and 

0 	 the extent to which program structure and 
administrative expertise explains the success 
of consolidation programs in northwestern 
India compared to the much more modest 
performance of such schemes in the SAT 
regions. 
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Incidence of Fragmentation 

We found that the incidence of land fragmenta-
tion, measured independently of farm size, was 
not high in SAT regions. In 1982-83, about one 
third of the farm households individually or 
jointly owned one field, another third possessed 
two spatially separated fields, and the remainder 
had more than two noncontiguous fields. The 
most fragmented holding in the sample of 293 
cultivator households in 1982-83 contained 9 
parcels. Parcel size in the sample ranged from 0.1 
ha to more than 20 ha. Only about 20% of the 
parcels were smaller than 0.8 ha. In the villages 
we studied, we did not encounter extreme frag-
mentation, ct:aracterized by minute or very
irregularly shaped fields. 

This estimated level of land fragmentation in 
SAT regions is much lower than in some other 
Indian regions, most notably eastern India,
where consolidation could foster the harnessing 
of underutilized groundwater resources. In most 
of India's dry SAT, untapped resources are not 
abundant; thus, the dynamic cost of reduced 
productivity potential usually attributed to frag
mentation is considerably less than in more 
favorably endowed environments. Furthermore, 
from the private perspective of individual 
farmers, the level of land fragmentation is not 
appreciably increasing over time. Holdings 
today are about as fragmented as they were 20 
years ago. 

In spite of the rather low level of fragmenta-

tion in the study villages, inter-regional variation 

in the spatial dispersion of parcels is marked 

(Fig. 4). Fragmentation is greatest in the Mah-

bubnagar villages and least in the Akola villages 

where more 
than half of the cultivator house-
holds own only one parcel, 

Although these inter-retional differences in 
land fragmentation are conditioned by a coni-
plex set of forces accumulating over time, 
resource endowments, and, to a lesser extent, 
institutional regulations in the land market 
account for a sizeable share of the inter-regional 
variation in land fragmentation. The land:man 
ratios are higher in the Maharashtra villages 
than in the Andhra Pradesh villages. Lower 
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Figure 4. Distribution of land fragmentation 
in villages in five districts in the Indian SAT, 
1982/83. 

population pressure on land is also signalled by
lower irrigation intensity in the Akola and 
Raisen villages. 

Variation in land quality also matters. Within 
each village, soils are more homogeneous in the 
Akola villages than in the other villages. Less soil 
heterogeneity limits the scope for spatial diversi
fication which in turn should reduce the pressure 
for land subdivision leading to fragmentation. 
Greater soil heterogeneity in the Mahbubnagar 
villages also makes it more difficult for brothers 
to strike a bargain without having to resort to the 
equal partition of all plots at inheritance or at 
family division. 

While differences in tenurial systems do not 
seem to explain much of the inter-village varia
tion in land fragmentation, some rules and regu
lations have apparently had an impact on its 
incidence. Foremost among these is Agrah 
Kriya, literally meaning "on request", which was 
enforced until the early 1960s in some regions, 
including Akola, of the British-ruled Central 
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Provinces. AgrahKriyastipulated a right of first Subdivision 
refusal for each brother for inherited land. 

Agrah Kriyadampened land fragmentation in Table 6 presents a detailed picture of the inci
two ways. First, it increased the cost of transact- dence offamily division and land subdivision for 
ing land thereby enhancing incentives for heirs the sample. About 27% of the sample house
to demand fewer, larger plots in preference to holds did not inherit land, i.e., they were landless 
more, but smaller plots at inheritance. Secondly, at inheritance. About 45% of the remaining 
it stimulated consolidation through land-market households that had land to bequeath did not 
transactions by giving brothers, who often owned subdivide plots. They were comprised of single
subdivided contiguous plots, first refusal on heir households, joint households that did not 
adjacent plots for sale. Although Agrah Kriva divide intergenerationally, and multiple-heir 
has not been enforced in many years, older households that transferred land intact from one 
farmers in the Akola villages remember it as generation to the next. But 55% of households 
inhibiting land subdivision and as promoting the did subdivide some land intergenerationally; 
exchange of plots among brothers. 95% of multiple-heir households, which split, 

Table 6. Division of land at inheritance in ICRISAT study villages in the Indian SAT by number of 
households by region in 1984. 

Number of households by region Number of plots 

)ivision Category 
Mahbub-

nagar Sholapur Akola 
Sabar-
kantha Raisen Total Divided 

Undi
vided 

Undivided plots 
One heir 
Multiple heirs, multiple 
plots, joint household 

21 
15 

3 

27 
13 

3 

23 
9 

7 

26 
10 

14 

30 
20 

9 

!27 
67 

36 

0 
0 

0 

490 
245 

162 
Multiple heirs, one plot, 
joint household 

Multiple heirs, household 
divided, no plots divided 

3 

0 

5 

6 

5 

2 

2 

0 0 

16 

8 

0 

0 

16 

67 

Divided plots 
One plot divided equally 
among heirs 

Multiple plots divided 
equally among heirs 

Multiple plots, each 
heir receiving a share 
of each plot but unequally 

Multiple plots, all divided 
but each heir does not 
share each plot 

Multiple plots, at least 
one plot und'vided and 
one divided 

41 

6 

18 

5 

3 

9 

38 

9 

10 

5 

9 

12 

22 

10 

1 

0 

0 

11 

39 

3 

10 

2 

0 

24 

16 

4 

3 

2 

0 

7 

156 

32 

42 

14 

5 

63 

409 

32 

135 

66 

24 

152 

237 

0 

0 

0 

0 

237 

Total households and plots 62 65 45 65 46 283 409 727 
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subdivided some land at inheritance. About one-
half of those households subdivided each plot 
equally among heirs. 

Removing the 67 single-heir households gives 
a sample population of 216 farm households that 
could have subdivided land at inheritance. Of 
those, about one household in three engaged in 
equal land subdivision among heirs. 

At the plot level, the empirical probability of' 
plot division was 0.36 based on the 1136 plots in 
the sample and 0.45 based on the 891 plots 
owned by multiple-heir households. Actual sub-
division resulted in 1530 plots passed or !- th--. 
succeeding generation, an increase of 34%. If all 
plots of multiple-heir households had been 
equally subdivided among heirs, the original 
1136 plots would have been partitioned into 
2650 plots, about a 130% increase. Hence, about 
35% of the potential for subdivision was real-
iz-d. Actual land subdivision resulted in consid
erably less fragmentation than if equal plot 
subdivision had been rigidly followed. 

For the multiple-heir, land-owning house
holds in the sample, we analyzed the forces 
responsible for the interhousehold variation in 
the incidence of land subdivision. Several plot, 
household, and regional characteristics signifi-
cantly (P<0.05) influer,ced subdivision, but the 
impact of demographic determinants, such as 
number and age of heirs, had the strongest effect 
on subdivision. An additional heir above the 
mean level of 3.0 changed the predicted proba-
bility of subdivision from 0.45 to 0.57. A propor-
tional 10% increase in the mean age of heirs 
resulted in a 12.7% increase in the incidence of 
subdivision. Clearly, population growth has 
strongly conditioned the trajectory of plot sub-
division leading to land fragmentation in the 
study villages. 

The area of the plot had a less marked effect 
on subdivision than the total land endowment in 
number of plots and farm size. Nonetheless, 
small plots, i.e., those falling below the 25% 
cumulative distribution quartiles, were much 
less likely to be subdivided. For such plots, the 
estimated probability fell from 0.45 to about 
0.15. This result suggests that there are strong 
economic and other forces restraining the subdi-

vision of relatively small plots. Those forces to 
some extent make redui ,ant legislation for con
solidation which specifies the size below which 
land cannot be subdivided. 

Variation in soil quality also had a marked 
influence on the decision to subdivide land. Vil
lagers apear to be extremey reluctant to subdi 
vide plots on shallow black soil. The estimated 
probability of subdividing a plot on deep black 
soil is 0.55. Switching to shallow black soil 
results in a steep decline to 0.20. These results 
highlight the potential difficulties in exchanging 
land in a public sector consolidation prog',am in 
villages with heterogeneous soils. As expected 
from our earlier discussion on the incidence of 
fragmentation, regional differences were also 
sharp. The estimated probability of subdividing 
land in Akola was only 0.21. In Mahbubnagar, 
that estimate increased to 0.66. 

Costs and Benefits 

In general, farmers owning more than one par
cel, felt that the costs of land fragmentation out
weighed the benefits. All multiple-parcel holders 
perceived that land fragmentation entailed some 
costs. Increased travel time and greater prob
lems in supervising cropping operations figured 
prominently in the list of costs. Only one farmer 
mentioned that fragmentation acted as a deter
rent to investing in irrigation. The lack of 
response on investment disincentives, potentially 
associated with fragmentation, amply reflects 
the scarcity of groundwater resources in the 
study villages. 

On the benefit side, the majority of the farmers 
thought that some benefits did accrue from spa
tially scattered plots. Risk reduction was fre
quently alluded to as a benefi-:al. consequence of 
fragmentation. Holding several spatially 
dispersed parcels was often associated with 
greater opportunities to exploit soil variation 
within the village. Farmers perceived that some 
crops can be profitably grown only on some soils 
in the village; hence, access to soil variation 
through fragmentation encourages crop diversi
fication which, in turn, facilitates resource 



adjustment as seasonal input demands vary by 
crop. Nevertheless, more than 40% of the house-
holds felt no benefits were derived from spatially 
dispersed holdings. 

Based on farmers' perceptions, the costs of 
land fragmentation should be much more 
numerically visible than the benefits. We esti-
mated costs at the household and plot levels. 

At the household level, land productivity was 
hypothesized to depend on household resource 
endowments and characteristics, and village and 
cropping-year effects. Regressors in the vector of 
resource endowments included irrigated area, 
land value, bullocks, farm size, family labor, and 
the degree of land fragmentation. Age, educa-
tion, and caste of the household head comprised 
the set of personal characteristics. 

Across the five regions, we found no compel
ling evidence that land fragmentation per se led 
to diminished land productivity. With the excep
tion of the Akola villages, farm households that 
had more fragmented holdings, and/or owned 
more parcels of land were characterized by sig-
nificantly higher net returns per hectare. To 
explain that result, one could hypothesize that 
less able farmers, in a sense, deselected them-
selves from the set of fragmented landholders by 
selling off or by leasing out parcels to more 
committed and capable farmers. While that 
hypothesis merits closer scrutiny, one can at 
least infer that land fragmentation in, and of 
itself, is not an economic liability at existing 
levels of technology in the study villages. Appar-
ently, the cost of land fragmentation as per-
ceived by farmers is not large enough to be read-
ily quantified. 

Prospects for Consolidation 

Based on our results, one would be hard pressed 
to recommend that investing in consolidation 
programs should be accorded a high priority in 
the study regions. The significance of differences 
in soil quality in influencing plot subdivision 
within the household highlights the degree to 
which soil heterogeneity can inhibit plot 
exchange in a consolidation program within a 
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village. Soils are much more homogeneous in the 
areas of northwestern India where consolidation 
has been successful. 

To the extent that land fragmentation is a 
problem it should be tackled at its source by 
making it less attractive for heirs to resort to the 
equal division of all plots. Lan Jsubdivision is 
nat preordained but is conditioned by forces that 
operate at the plot, household, and regional 
level. We discussed one legislative rule, Agrah 
Kriya, that apparently has had a considerable 
impact in reducing the incidence of land subdivi
sion in the Akola villages. Comparative research 
on ways to increase the cost of plot subdivision 
at inheritance should be assigned a high priority 
on tile consolidation research agenda. 

Labor Absorption in the indian SAT 

Earlier (ICRISAT Annual Reports 1982, pp. 
309-313, and 1985, p. 328), we reported the scope 
for increasing farm employment with the adop
tion of improved land and water management 
technology packages in the assured-rainfall Verti 
sol regions. Recently, we analyzed the determi
nants of, and prospects for, absorbing more 
labor in agriculture in 10 study villages in 5 
different agroclimatic and edaphic production 
environments in the Indian SAT (ICRISAT 
Annual Report 1982, pp. 315-3 16). 

We regressed labor use (in hours per hectare of 
gross cropped area) on household resources; 
including land, access to irrigation, the family 
work force, and draft power availability. We 
also allowed for the effects of soil quality and 
year-to-year variation. 

Table 7 reports elasticities that express the 
proportional change in labor used within a 
household in response to a proportional change 
in a specific resource. In the Mahbubnagar, Sho
lapur, and Sabarkantha districts where rainfall 
is erratic, labor absorption is strongly linked to 
irrigation. A 10% increase in irrigated area leads 
to a 3 to 6% rise in labor use per unit of gross 
cropped area. In the other two regions, rainfall is 
heavier and assured, so the comribution of irri
gation is much smaller. Thus, irrigation appears 
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Table 7. Estimated labor use intensity elasticities of household resource endowments in ten villages in
five districts in the Indian SAT, 1975-1985. 

Household resource endowment 

State 
(District) Village 

Farm size 
(operated 
area, ha) 

Irrigated 
area (ha) 

Family 
workers 

(%) 
Bullocks 

(number) R2 

Obser
vations 
(number) 

Andhra Pradesh 
(Mahbubnagar)
Andhra Pradesh 
(Mahbubnagar)
Maharashtra 

Aurepallel 

Dokur 1 

Shirapur 2 

-0.03 

-0.12** 

-0.2* 

0.39*** 

0.57*** 

0.32*** 

-0.11* 

0.09 

0.16 

0.14*** 

0.002 

0.01 

0.78 

0.48 

0.54 

289 

141 

274 
(Sholapur)
Maharashtra Kalman' -0.3* 0.30*** -0.03 0.18** 0.66 145 
(Sholapur)
Maharashtra Kanzara 2 -0.16** 0.05*** -0.06 0.12*** 0.35 291 
(Akola)
Maharashtra 

(Akola)
Gujarat 
(Sabarkantha)
Gujarat 

(Sabarkantlha)
Madhya Pradesh 
(Raisen) 

Kinkheda -1 

Boriya4 

Rampura 4 

Papda-1 

-0.04 

-0.16*** 

0.01 

-0.01 

0.06*** 

0.31** 

0.46*** 

0.00' 

0.03 

0.02 

0.12* 

-0.01 

0.001 

0.07 

0.10* 

-0.10 

0.24 

0.45 

0.56 

0.02 

138 

130 

123 

99 

Madhya Pradesh 
(Raisen) 

Ranipur 
Kalan 5 -0.22*** 0.01 0.04 0.08 0.27 96 

I.Expresses the proportional change in labor use intensity per unit of gross cropped area inresponse to a change in thehousehold's resource endowment. The elasticities are estimated at the arithmetic means of the dependent and independent
variables. 

2. 1975/76- 1984,85. 
3. 1975/76- 1979 80.
 
4. 1980/81 - 1984/85. 
5. 1981/82- 1984/85. 

to be a sine qua non for augmenting labor As expected, the coefficients for farm sizeabsorption in the lower and less-assured rainfall were, with one exception, negative and statistiregions, while in the higher and more assured cally significant in 6 of the 10 villages. An inverserainfall regions, considerable scope exists to util- relation between farm size and labor use intenize labor more intensively in dryland agriculture. sity prevails throughout developing-country
For example, in Kanzara from 1975 to 1985, the agriculture, particularly in irrigated tracts.intensity of labor use per unit of gross cropped 

At 
present levels of technology, that relation appearsarea grew at an annual rate of about 3% for men to hold also in the predominantly dryland agri

and 5% for women reflecting intensification cultural cropping systems in India's SAT.within dryland cropping systems, and substitu- With the regular decline in farm size over time,tion of more labor-intensive cotton/ mungbean the intensity of l1 bor use will also increase. Butsystems for more labor-extensive cotton/sorghum the size of that effect will be small: a 10% reducintercrops. tion in operated area lead to a I to 3% increase 



in labor-use intensity in those villages where the 
nexus with farm size was statistically significant. 
Likewise, agrarian reform, effectively reducing 
farm size, would appreciably increase the inten-
sity of labor use only in the Sholapur villages. 

The mixed signs and insignificant coefficients 
for family work force support our findings that 
the labor markets in these villages work fairly 

well and are reasonably competitive. Most culti-
vator households are both buyers and sellers of 
labor. 

The positive coefficients for draft power avail-
ability in nine of the ten villages are also consis-
tent with our earlier observations that the 

bullock-hire markets are not well developed in 
several of the villages. Apparently, cropping sys-
terns that arc more intensive in their demand for 
draft power are also more intensive in their 
demand for labor. Imperfections in the hire 
market are attributed to the highly covariate 
nature of demand all farmers want to use hul-
locks at the same time for timely plowing and 
cultivation. However, bullock availability is not 
so important as access to irrigation and farm size 
in conditioning the intensity of crop labor use in 
most of the villages. 

Privatization of 
Common Property Lands 
Rural common property r,:n'irces (CPRs) like 

village pastures, community forests, watershed 
drainages, village wastelands, etc. contribute sig
nificantly to rural people's income and income 
equity (ICRISAT Annual Report 1985, pp. 322-

324). However, records from 80 villages in 20 
districts of seven states, all in the dry tropics, 
showed that the area of commons has rapidlv 
declined during the last 30-40 years. This is 
largely due to public policies for privatizing 

CPRs to provide land to the landless or rural 
poor. In practice, however, most of the land did 
not go to the landless (ICRISAT Annual Report
1983, p. 335). 

The rural poor have a.ready beca Jispossessed
of 17-45% of the CPR land they received in 

different areas. Reasons, as revealed by Table 8, 
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range from submarginal quality of land to lack 
of complementary resources to develop such 
lands and to use them productively. Several 
households preferred selling these lands to meet 
current cash requirements rather than retain the 
lands as nonproductive assets. Privatization of 
CPRs does not seem to have achieved its goal of 
helping the rural poor. 

Income aL'd Nutrition 

We reported earlier (ICRISAT Annual Report 
1983, p. 323) that differences in household per 
person income did not explain much of the vari-
ation in nutritional adequacy among individuals 
in the six ICRISAT study villages where we 
monitored nutrition and health in 1976/77 and 
1977/78. That finding contradicted the prevail-
ing view that malnutrition is essentially an 
income problem. 

To explore further the link between income 
and nutrition, we compared the responsiveness 
of household food and nutrient intake to 
changes in expenditure. Finding both food and 
nutrient consumption responsive to changes in 
expenditure would support the prevailing view; 
finding food consurnpti )n responsive and nu-
trient consumption insensitive to changes in 
expenditure would reinforce our earlier result; 
and finding neither responsive would cast suspic-
ion on the reliability of the household data on 
nutritional status and expenditure. 

For our comparison, we used record: of food 
and total expenditure over the same 2 '.ear.; and 
from the samc households for which nutrition 
and expenditure data were complete. We con-
centrated on six food groups: grains, meat, milk, 
pulses, sugar, and vegetables. Across the sample 
households in the six study villages, the share of 
these six food groups in total household expen-
diture was 60%, reflecting the dominance of food 
in the consumer budgets of these poor 
households. 

We focused on energy and eight nutrients 
proteins, ascorbic acid, calcium, carotene, iron, 
niacin, riboflavin, and thiamine. Our sample is 

generally malnourished by Indian standards. 
The sample means met less than half of the 
Indian standards for carotene and ascorbic acid, 
less than three quarters of the Indian standards 
for calcium and riboflavin, and they were below 
these standards for energy. The sample averages 
are above Indian standards only for proteins, 
iron, and thiamine. 

A double logarithmic function was chosen to 
generate, in a readily interpretable form, con
stant elasticity relatio'- between household 
expenditure, and food and nutrient intakes. 
Binary variables for villages and crop years were 
included to allow for village endowments. Addi
tionally, we exploited the time series provided by 
the panel data by taking differences between 
crop years so that fixed household effects could 
be held constant. 

All the estimated food expenditt'.re elasticities 
in Figure 5 were statistically significant and did 
not differ significantly from unity. This implies 
tha. a proportional change in household expen
diture is accompanied ' y a similar proportional 
increase in the quantity of food consumed. In 
contrast, none of the estimated nutrient elastici
ties in Figure 5 were positive and statistically 
significant (P 0.05). 

The estimates in Figure 5corroborate our ear
lier finding that, in these poor villages in the 
Indian SAT, increases in income do not lead to 
substantial improvements in nutrition. Food 
expenditures increase substantially-more or 
less in proportion to income--but the marginal 
increments in food purchases are not devoted 
primarily to obtaining more nutrients. Instead, 
people choose to pay proportionally more for 
nutrients as their incomes rise, apparently to 
purchase other desirable food attributes. Per
haps with more cducation about the relation 
between nutrients and other food characteris
tics; or with the development of plant varieties in 
which the nutritional bent fits are strongly asso
ciated with the food attributes that consumers 
value highly, more positive associations could be 
developed between nutrient intaLs and income. 
But our study suggests that optimism about bet
ter nutrition when income rises in such commun
itics is unwarranted. 

http:expenditt'.re
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Figure 5. Estimated elasticity for food and nutrient household expenditure in three ICRISAT study
 
villages in India, 1976/77 and 1977/78. 

Management of Resources 

Water 

Water Balance Studies in Phanda 

Quantitative es,imates of runoff in different soil 
and rainfall zones are required to design and 
evaluate management alternatives such as instal-
ling water-harvesting structures. Our earlier 
work on rainfall-runoff relations was based on 
measurements on a Vertisol (suborder Pellus-
tert) at ICRISAT Center that receives a mean 
annual rainfall of 780 mm. In the present study 
we measured runoff from cropped, I-ha 
watersheds on a Vertisol (suborder Chromus-

tert) at the State Agriculture Farm, Phanda 

(near Bhopal) that receives a mean annual rain
fall of 1250 mm. Runoff was measured with 
flumes and stage-level recorders from one 
watershed in 1984, and three in 1985 and 1986. 
We compared measured runoff on annual, 
weekly, and daily bases with runoff predicted for 
corresponding periods by a runoff model using 
the modified curve number technique (ICRI-
SAT Annual Report 1982, pp. 289-291). 

About 90% of the runoff was produced 
between 15 July and 31 August. rhe runoff 
model predicted annual runoff fairly accurately 
(Table 9) and seems acceptable for predictions 
that involve long periods. However, the weekly 
and daily predictions of the model were not 
reliable. 
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Thble 9. Measured and predicted annual runoff for 1-ha Vertisol watersheds at Phanda, Madhya
Pradesh, India, 1984-86. 

Seasonal rainfall (Jun-Oct) (mm) 
Number of runoff-producing storms 
Measured runoff (mam) 

SE 

Measured runoff (percentage of seasonal rainfall)
Predicted runoff (mm) 
Error in prediction (%) 

Economics of Water Harvesting and 

Supplementary Irrigation 


In the ICRISAT Annual Report 1985, pp. 280-
281, we reported that double cropping on Verti-
sols in the rainfall-assured region of Madhva 
Pradesh was not possible in 1984 because of the 
lack of moisture in the seedbed. M(. t fields sole-
cropped with soybean in the rainy season could 
not be sown to wheat or chickpea in the post-
rainy season. In contrast, sufficient rain fell in 
October 1)83 to moisten the upper soil layers
and to ensure successful double-cropping. 

Because irrigatioa was needed only in some 
years to establish the postrainy-season crop, 
water harvesting and r'urplementary irrigation 
appeared to be economically desirable. The eco-
nomics of that intervention were evaluated by a 
Ph.D schclar. 

The simulation model used for the evaluation 
consisted of several component modules for 
rainfall, runoff, soil-water-balance, yield 
response to irrigation and tank-water-balance, 
The economic objective was to rriaximize net 
present value. With water harvesting and supple-
mentary irrigation, it was assumed that a 
soybean-wheat double-cropping sequence 
would be followed every year. No water was 
applied to soybean, but a presowing irrigation of 
5 cm was given to wheat. The benchmark for 
comparison was soybean sown in the rainy sea-
son followed by wheat in such years as 1983, 
when presowing irrigation was not required. 

1984 1985 1986 

943 1124 1308 
9 is 22 

366 443 707 

±7.2 ±4.7 

39 39 54 
384 433 746 
+4.9 -2.3 ±5.5 

Without water harvesting and supplementary 
irrigation, in years such as 1984 when rains were 
inadequate to establish the wheat crop, the land 
was assumed to be fallowed. 

The economic assessment was carried out for 
our ReguUganj test site (ICRISAT Annual 
Report 1984, pp. 288-289) where the long-term 
average rtinfall is 1300 mam. The average annual 
potent;al for generation of runoff was estimated 
to be 450 am. Moreover, a 30-year run of the 
soil-water-balance model showed that in 2 out of 
3 years wheat cannot be grown after soybeans 
because the top soil layers are too dry for ade
quate germination. Hence, the gross returns with 
water harvesting and supplementary irrigation 
could be higher than farmers' present practice in 
2 out of 3 years. 

As the exact optimal values of the design 
parameters for storage structures or tanks are 
unknown for this location, simulation experi
ments were conducted at a uniformly spaced grid 
of points on command area and tank size. The 
size of the water shed was specified as 5 ha. Simu.. 
lations were run for three different seepage 
rates--0, 10, and 20 mm day-i. Response sur
faces were approximated by quadratic poly
nomia!s and the optimal values of tank size and 
command area were obtained by differentiation. 
The nature of the response surface, a contour 
map of discounted economic returns for a seep
age rate of 10 mm day-' is presented in Figure 6, 
where the experimental points are indicated by 
dots. For tank sizes of less than 200 ha mm, the 
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Figure 6. Economic return contours evaluated at the seepage rate of 10 mm day-]. 
(Source: Pandey, S. 1986. Ph.D. thesis, University of New England, Armidale, NSW, Australia.) 

response of economic returns to increasing tank 
size is steep for command areas of up to 4.5 ha. A 
small tank is likeiy to constrain the area of irri-
gated wheat. As the size of the tank increases, 
other factors such as the availability of runoff to 
fill the tank, and the availability of sufficient 
irrigated area to use all the water stored in the 

tank become more constraining, and the 
response tapers off. 

The results for three seepage rates are pre
sented in Table 10. Optimal tank size is insensi
tive to changes in seepage rate, but optimal size 
of the command area decreases with increases in 
the seepage rate. ThL ratios of catchment to 
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l'able 10. 	 Optimal design parameters at differ- This appraisal has highlighted the importanceent seepagc 	 rates for a simulated tank at Begum- of measuring and understanding factorsganj, eadhya Pradesh, India. 	 that
determine seepage losses in rainfall-assured Ver
tisol regions. In 1986, we started diagnostic tests 

Net on the incidence and control of seepage near the
Seepage Command Tank present Begumganj test site. Our init-al estimates gave
rate area size value seepage losses considerably higher than 20 mm -(n1 day 1 ) (ha) (ha am) ('000 Rs) day-. The model can also be extended to other 
0 4.05 346 136 sites within the rainfall-assured Vertisol region
10 3.66 337 118 
 of Madhya 	Pradesh to derive more information 
20 3.30 360 98 	 on the parameters conditioning the economics of 

water harvesting and supplementary irrigation 
in this potentially productive environment. 

command area are 22, 33, and 47% for seepage
 
rates of 0, 10, and 20 mm day-'. Composite Watershed Management
 

The most important parameter governing the
 
profitability of water harvesting and suppleme-
 The objective of composite water management is 
tary irrigation was the seepage rate. Water har- to improve the combined use of surface and 
vesting and suppleneutary irrigation are eco- groundwater resources in a watershed in order to 
nomically 	attractive only if the seepage rate is stabilize and increase agricultural production.

less than 10 mn day- .
 Erratic and undependable rainfall is one of the 

Would it pay to apply sealants to reduce seep- major constraints limiting agricultural produc
age'? The 	 benefit fron seepage control at the tion in the SAT, especially in regions with red 
planning stage (when the tank's optimal location soils (Alfisols) that have poor water retentivity.
and size are yet to be determined) is approx; Alfisols are derived from granitic rocks. The 
mately Rs 20 000 for each 10 min reduction in main aq uifcr in granites is the layer of weathered 
seepage day-1.With the approximately optimal material extending down to a few tens of meters,
tank size of 350 ha amin, the maximal amount below which the hard basement rock is rather 
that can be spent on reducing seepage by 10 mm impermeable. The depth of dugwells and bore
day-i is approximniitely Rs 12 in- of dam floor wells in such a situation is also generally shallow. 
surface. Expressing this figure as an annual cost Better management of water resources, includ
at a 10% discount rate, seepage control is profit- ing surface and subsurface storage, can help
able only if the annual cost of scaling is not more farmers to increase and stabilize production.
than Rs 1.27 rn-2 . The annual cost estimates for a In collaboration with other organizations
silt-sodium carbonate mixture, often used as a ICRISAT staff selected two Alfisol watersheds 
sealant, that can reduce seepage by 50% is in Andhra Pradesh, South India, for composite
approximately Rs 2 mn--. Hence, control of seep- water management studies. One watershed 
age wit h1that s,.ealant is unlikely to be profitable if (Aurepalle, Fig. 7) has an area of about 70 km -2 

the uncontrolled seepage rate is less than 20 mm while the other(Kandakuru-Manilla, Fig. 8) has 
-day '. Other types of sealing, such itspolythene an area of about 40 km-2. 

sheets and cement brick lining (approximate In both watersbds, a traditional tank irriga
cost Rs 25 m-2) are also likely to be prohibitively tion system has steadily been abandoned over 
expensive if the uncontrolled seepage is less than last two decades. Farmers now prefer to irrigate
20 mm day-'. Although the benefits from the from wells and extensive exploitation of the 
tank critically depend on the rate of seepage, aquifers has led to a fall in the water table. 
cost-efficient techniques for its reduction are To assess the potential of an improved water 
seemingly not available. management system for 	 such watersheds, wL 
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Figure 7. Drainage map of Aurepalle watershed with recharge measurement sites. 

focused on the following aspects: 	 terraced ;ice fields, has been initiated to assess 
* 	 Collection of socio-cconomic data on farm deep percolation. 

holdings, family sizes, cropping preferences, aerial photographs and ground verification 
irrigation practices, income, and preparation of lineaents, slopes, and overburden thickness, 
of a linear programming model. 	 fiemnsslpadovruentcks,olalcin ogrbamin murol dhave been used to select sites for construction of 

* 	 Collection of basic surface hydrological data check-dams and mini-percolation tanks with 
on rainfall distribution:, meteorological storage capacities of the order of().l to 0.4 ,,106 

t hse tn s ar e dened toav min ma 
parameters, water balance of tanks, etc., and 


subsurface information on water-tatlle fluc
evaporation loss and consequently an increased 

tuation, recharge, aquifer properties, and ponding period resulting in more groundwatei 
groundwater potential through various recharge. The traditional irrigation tanks in the 
hyd rogeological and geophysical surveys, and aralsabu40t5%ofhertrdwtr 

area lose about 40 to 50% of their stored waterdrligwls
drilling wells. 	 through evaporation each year because their 

Rice is traditionally grown even in watersheds average depth is shallow compared to their 
with scanty rainfall. Irrigation is provided from spread. Further, siltation and lack of mainte
tanks, wells, or other water-harvesting struc- nance have greatly reduced their percolation 
tures. A special study of the water balance of efficiency. 
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Figure 8. Kandakuru-Manilla watershed with sounding locations. 

In a pilot experiment conducted recently, the tration and seepage from tank beds and ricetank water was transferred to a nearby open well fields was estimated as about 15% of the rainfall
throuh a siphon system. Results of this 6- in both years of the e.xperiment. The average
month experiment, demonstrated the feasibility evaporation from the tanks was found to be 4of the large-scale transfer of water from tanks to to 7 mm day-', and the average percolation
wells in areas suffering from excessive extraction between 5 and 15 mm day-'.
of groundwater. The water level fluctutation in wells of the'The annual rainfall over the Aurepalle Aurepalle watershed was of tile order of 2.2 mwatershed was 563 mm in 1984, and 586 mm in during the experimental period. The thickness of1985. At Anantapur, the rainfall in 1985 was the weathered layer (phreatic aquifer) in theonly 392 mm. The inflow to the Aurepalle tank Aurepalle watershed ranges from 4 to 22 m with 
was equivalent to 18.3 mm in 1984 and 13.3 mm an average of about 10 m. The tnsmissivity ofin 1985. Deep percolation through dryland infil- the phreatic aquifer has arange from 36 to 146 m. 



Based on the interpretation of resistivity sound-
ings in the Aurepalle watershed, sites for 10 
exploratory boreholes were selecte,(. The four 
drilled so far yield from 3000 to 36000 L per day. 

A preliminary water balance model has been 
prepared for the Aurepalle ,llage sub-
watershed. Land use development models, based 
on surface and subsurface hydrological data col-
lected for three seasons from both watersheds, 
will be prepared to devise a management plan for 
optimal use of water resources to increase agri- 
cultural production. 

A small-scale solar-powered pump was 
designed to lift water from shallow aquifers and 
a prototype has demonstrated the feasibility of 
exploiting the Rankine cycle for small-scale 
solar pumps. The prototype lifts about 500 L 
water hSo2vr i.no 

D)uring this multidisciplinary study ICRISAT 
scientists have been helped by staff of the 
following institutions: 

National Geophysical Research Institute, Hyd-

erabad, Andhra Pradesh . 

And hra Pradesh State Ground Water )epart-
ment, Hyderabad . 

Minor Irrigation Department, Andhra Pradeshi 
State, Hyderabad. 

Andh ra Pradesh State Irrigation D)evelopment 
Corporation, Hyderabad 

Institute of Economic C rowth, New l)elhi. 

University of Darmstadt, F'ederal Republic of 
( n . 

ieri. o 
University of Hohenheim, Federal Repumblic ofGermny.yields 

Germany 
University of Hvderabad, And hra Pradesh 
Karnataka University, l)harwad, Karnataka. 
Action for Foodt 1rogranin New Delhi (Hyd-

erabad Unit). 

Response of Postrainy-season
Sorghum to Water Use 

We conducted a field study on an Alfisol during 
two postrainy seasons ( 1983/84 and 1984/85) to 
examine the yield response of sorghum (cv CSI 
8R) to water use, and to determine the sensitivity 
of yield to water deficits at different growth 
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stages and at three nitrogen application rates.
 
The three growth stages were:
 
GSI = emergence to panicle initiation;
 
GS2 = panicle initiation to 50% flowering; and
 
GS2 p itaoo0 flowering a nd
 
GS3 50% fhowering to physiological maturity.
 
A line-source sprinkler irrigation technique was
 
used to apply different amounts of water along
 
both sides of the line-source sprinkler line which
 
formed the main plot. The four main treatments,
 
consisting of timing and amount of irrigation,
 
were:
 
M, gradient irrigation at all growth stages of 

sorghumrcontr o l 
sorghum (control);NM,-gradient irrigation at GS I and GS2, but 

n t (Sirrigation at ab 

M = gradient irrigation at GS I and GS3, but 
irrigation at 

M, gradient irrigation Gat S2 and S3, but 
M g0 irrigation at GS 23 

no irrigation at CSI 

The three nitrogen suhtreatients were: 

N, z 40 kg N ha-';
 
N, = 80 kg N ha-1: and
 
NI = 120 kg N ha-.
 

Nitrogen rates 80 kg N ha-1 had identical 
highly significant linear yield-water use relation
ships (with the exception of MI in 19'3 /84).This 
suggests crop performance was not restricted by

40 kgo N hs rte 
- I

nitrogen availability. The 40 kg N ha rate 
appeared inadequate in 1983,'84 but may have 
been adequate in 1984/85. In both years, peak
yilswrobandnthNIeanntugswere obtained in the M, tcatmnit suggest

ing that drought in CSI is not harmful.A0 account for variation in grain yield (Y), or
relative grain yield (ratio of actual to maximum 
grain yield, Y/ Yni) in terms of seasonal water 

use (ET) at different crop growth stages, or rela
tive water use (ratio of actual to maximum water 
use, F.Tm): Y and Y/Yin were regressed
against FT and ET,, EIm at different growth 

stages. Total seasonal water use accounted for 
70- to 80- of the variation in sorghum grain 
yield with different nitrogen application rates 
(Table II). Accountability improved to 84 or 
86% when ET or ET/ ETm was considered 
separately for GSI, GS2, and GS3. Relative 
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Table 11. Functions 	explaining variation in sorghum grain yield (Y, kg ha ') or relative grain yield
(Y/Ym) to seasonal water use (ET, mm) or relative water use (ET/ETni). Analysis of 2-year pooled
data, ICRISAT Center, postrainy seasons 1983/84 and 1984/85. 

Function Nitrogen

number level Function 
 r2/ 1R2 rse 
I N, Y = 457 + 11.0 171 0.80 5402 N, Y = 290 + 13.06 ET 0.70 7853 N, Y - 112+ 15.7 	 ET 0.75 8164 N, Y = 1571-13.9 (ET),+ 7.5 (ET), 15.3 (El).1 	 0.84 4785 N, Y = 2407-52.8 (El), + 22.2 (ET)2 

+ 

+ 14.3 (El).j 0.86 5386 N, Y = 2866-58.5 (1:1'), + 17.1 (ET)2 + 20.7 (ElI'). 0.88 559
7 N, Y = 1339-431 (ET, Elm) + 1152 (ET ETr0, + 3014 

(El /ETm) 0.81 522 
8N Y = 2158-2591 (E Elm) + 2943 (ET ELTm)2 + 3310 

(ET'El'm)3 0.86 5409 N 	 '= 3168-3699 (ET,l-l'm), + 2503 (EU ETm)2 + 4773
 
(El/ E-m), 
 0.83 65810 N, log Y,Ym 1.012 log( El lTm) + 0.40 log(EI ElTm), + 0.19
 
log(ET Elm)1 
 0.66 0.21II N, 	 log Y, Vm 0.193 log(ETEl: Im), + 0.55 log(TEl'Em), + (0.33
log(ET Em), 0.83 0.1612 N, log Y Ym =4).274 log(:' Em), +0.51 log(E V ;!im). + 0.47 
log( I --.Elm), 0.84 0.16 

yield (Y/Yni) was also regressed against E.T Em tive to water deficit at GS I. This is possibly due
with the assumption that when FTl'lT 0 at:rn to poor root development in dry soil. At higher
any growth stage then Y/iY zm0. About 84% nitrogen application rates (N, and N 3 levels), the
variation IIYYI could be accounted for when relative crop sensitivity at GS2 and GS3El'/H 'm was considered at three growth stages. increased, and that of GS I decreased. At higher

Since different crop growth stages have differ- fertility, tihe greater yield sensitivity of GS2 toent evaporation requirements because of' differ- drought compared with (S3 is due to the reduc
ences in their duration, leaf area index, and tion iI seed number per ptanicle rather than seed 
potential evaporation, yield reductions cused nMass. 
by withholding certain amount of irrigation at a \Vc found tIat about 841/, of the variation inparticular growth stage arc not unique functions grain yied or relative grain yield of postrainy
of sensitivity to drought. A decline in relative scason sorghi ncotld be accounted for by water
yield (Y, Yin) with decrease in relative water use use or relative water use of the crop whet,
(ET'ETm)at a particular growth stage is an considered scparately for growth stages GSI,
accurate mcasurc of crop sensitivity to water GS2. and GS3. At a low nitrogen application
deficit. The coefficients of equiat lolls 10, 11, and rate, CSI was more sensitive to drought than
12 are therefore a measure of the sensitivity o! (iS2 or (i$3, indicating the importance of this 
crop growth stages to drought (Table II). It is stage for crop establishment when fertility isclear that crop sensitivity to drought depends poor. Stress in GS I especially at higher nitrogel
upon both the amount of nitrogen fertilizer ap- rates appeared to increase grain yields, perhaps
plied, and crop growth stage. At a low nitrogen because more nutrients and water were avail
application rate (N,level) the crop is most sensi- able when roots penetrated the subsoil. 
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Pearl Millet Response to Water Deficit 

We conducted an experiment on an Alfisol dur-
ing the dry season of 1984 to study the effect on 
pearl millet of drought imposed at different phen-
ological stages. The experiment was arranged in 
a split-plot design with three replications. Five 
drought treatments formed the main plots and 
the two cultivars (Bi 104 and ICH 412) the sub-
plots. The main treatments were: 

M(, - adequate moisture throughout the season; 

fdrough drg grt tagce Iitiati , 
from emergence to paicle initiation; 

- idrought during S2 i.e., from panicle 
initiation to althesis,., 

physiological maturitv; and 

M.= drought during the later part of both GS2 
and GS3. 

Seed was sown on 30 January and the total 
anmount of irrigation applied ranged from 22 to 
72 mam. The durations of GS I and GS2 were 6 
days longcr in ICH 412 than in 13.1 104, but the 
grain-filling period (GS3) was similar in both 
cultivars. l)rought in(;S2 delayed flowering in 
ICH 412 by 4 days. The grain-filling period was 
reduccd by 4-5 days in both cultivars due to 
water deficits inl GS3. 

Table 12 shows the contribution to TDM by 
main culms and tillers of the two cultivars. Main 
culms contributed more than tillers to the TDM 
of ICH 412 in most treatments, and tillers con
tributed more in BJ 104 in all treatments. ICH 
412 produced more TDM (main culms + tillers) 
than BJ 104 in all treatments (1: 0.05). 

The contribution of main culms was more in 
M, than in the control (M,,) in both cultivars. 
TI)M of ICH 412 in M3 was 56% lower than that 
for teM ramn n h orsodn

he M, treatment and the corresponding 
reduction in TDM was 49% for 13.1104. 

ie total grain yields -fAboth cultivars were 
similar except for M1 in which ICH 412 pro
duccd 21% more grain than 1J 104 (Table 13). 
Drought in GS3 caused maximum reduction in 

grain yield in both cultivars. Tillers provided 
most of the grain in BJ. 104. Tiller contribution 

to total grain yield ranged between 64 and 75% in 
13.1
104 and between 13 and 36% in ICH 412. 

ICH 412 used more water than 13.1 104 (Table 
14). This was primarily diie to the longer dura
tio n of ICH 412. 1oth cultivars used least water 
in the M 31 reatment. ICH 412 was more efficient 
in its use of water for TI)M than 13.1 104, except 
for the M treatment. ICH 412 had the highest 
W UE for TI)M in M, while in B.I104 there was 
no difference in WI.JE among treatments, except 
in M 4. 

Table 12. Effect of five drought treatmn-its on TDM (t lia - i) of two pearl millet cultivars grown on an 
Aifisol, ICRISAT Center, dry season 1984. 

[DM (I ha-') 

Drought 

t,eatrnent 

Main culms 

B.11(4 111 412 B.104 

Fillers 

ICH 412 

Main culms + tillers 

13.1104 ICII 412 

N 
M, 
M, 
MNI 
M4 

1.75 
2.12 
1.49 
0.94 
1.49 

6.71 
7.76 
5.04 
3.42 
4.78 

4.88 
4.64 
4.57 
2.52 
3.73 

3.88 
3.39 
4.92 
1.47 
2.72 

6.63 
6.76 
6.06 
3.46 
5.22 

10.59 
11.16 
9.96 
4.89 
7.50 

SEI ±0.28 ±0.27 ±0.42 

SEI t0.27 ±0.22 ±0.35 

I. SE for comparing drought treatment atsame or diflerent levels of cultivars. 
2. ')E for comparing cultivars atsame level of drought treatment. 
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Table 13. Effect of five drought treatments on grain yield (t ha-') of two pearl millet cultivars, grown 
on an Alfisol, ICRISAT Center, dry season 1984. 

cirain yield (t ha') 

Drought Main culhs Tillers Ma in culms + tillers 
treatment 13.1104 ICH 412 BJ 104 ICH 412 BJ 104 IC 412 

0.91 2.64 2.01 0.92 2.93 3.56NI 1.041 2.69 2.56 0.79 3.60 3.48M, 0.70 1.95 2.06 1.10 2.76 3.04 
M1 0.32 0.85 0.58 0.13 0.90 0.97 
M, 0.74 1.73 1.70 0.61 2.44 2.34 

SE' t0.09 ±0.10 ±0.14
 
SE 2 


±0.10 ±0.10 ±0.13 
1. SE for comparing drought treatment at same or different Ice Isof cultars. 
2. SE for comparing culti ars at same level of drought tcaItment. 

Table 14. Effect of five drought treatments on water use (WU) and water-use efficiency (WUE) for
grain yield and total dry matter (TI)M) production by two pearl millet cultivars, grown on an Alfisol,
ICRISAT Center, dry season 1984. 

Wll- (kg haJ 
WUI (11a11) Gram yield T1) tMDrought 


treatment 11.1114 r
1C1 412 IJ 104 IC!.t 412 11 104 ICH 412 

484 653 6.1 5.4 13.7 16.2

N I 517 651 719 
 5.3 13.1 17.3
 
M 466 526 J.9 
 5.8 13.0 19.0

M 254 361 3.5 3.1 
 13.6 13.5 
M 418 433 5.9 6.8 9.3 17.3 

SE' ±8.7 t0.41 ±0.89
 
SE2 


±8.5 ±0.35 ±0.77
 
I. SE for comparing drought treatment at same or different levels of cultivars. 
2. SE for comparing cultivars at same level of drought treatment. 

1980/81). The experiment was conducted on anCrop Modelling Alfisol that holds about 8.5 cm of plant
extractable water above 9 0 cm at ICRISAT Cen-We tested the revised SORG F model (ICRISAT ter, with two moisture treatments (irrigated and

Annual Report 1984, p.254) by comparing the drought-stressed) and two cultivars.
simulated and observed response of two In both years, water was applied five times in
sorghum cultivars (CSH 8 and M 35-1) to irrigated treatments and thrice in the drought
drought in two postrainy seasons (1979/80 and treatments, but the timing of irrigations was dif



ferent. In the 1st year, sorghum was sown on 19 
November 1979 and the field was irrigated to 
field capacity just after sowing. In the irrigated 
treatment. water was applied at 19, 39, 57, and 76 
days after emergence (DAE). The drought treat-
ment received two irrigations at 19 and 57 DAE. 
In tile 2nd year, sorghum was sown on 10 
October 1980 followed by an irrigation on 1I 

the soil profile. In the irri-October to charge 
gated treatment, four irrigations were given at 
10, 28, 39, and 70 DAF. The drought treatment 
received two irrigations ,it10 and 39 I)AE. At 
each irrigation in both experiments, the soil pro-
file was fully charged. 

Grain yields from the irrigated treatment were 
3.83 t ha - I for CSH 8 and 2.10 t ha-ifor M 35-1 in 
the 1st year, while these wcre 6.12 t ha- I for CSH 
8 and 3.95 t ha I for NI 35-1 in the 2nd year. A 
comparison between the observed and simulated 
percentage reduction in grain yield showed that 
the model was capable of simulating the impact 
of drought. 

Figure 9 sho\s observed aid simulated grain 

yields of two sorgh urn cultivars, CS H 6 and 
ICSV I (CS V I I, as a funetion ofplant densit, 

This experiment was conducted at ICRISAT 

Center, on a nediurn-deep Verisol that holds 

about 15 cm of plant-extractable water in the 
21 .Junerooting zone. Sorghun was sown on 

1983, at five levels of plant density ranging from 
4 to 20 plants n1- 2 and was grown rainfed (rain
fall .June to October 102 cni). 

Both the cultivars produced similar grain 

yields up to a density uf 12 fI)mits 1 2, bu abluvc 
this CSI-I 6 gave higher grain yield than ICSV I 
(CSV II).Simulated grain yields for CSI- 6 were 
higher than ICSV I (CSV II) at each plant den-
sitV'. Maxinmm grain yields were observed at 16 
plants - for both cultivars, 5.3 t ha- from984
pl anm-24.or both cutis5t a-I .3fromVpp. 

CS 1 6. and 4.5 t hia-1 from ICSV I (CSV 11). 
Further increase in plant density (lid not increase 
grain yield in CSH 6 but decreased grain yield in 
IC";V I (CSV I1). Simulated grain yields indrought. 
cultivars increased with increasing plant density. 
However, these were between 3 and 15% of the 
observed grain yield. The correlation coefficient 
between observed and simulated grain yield was 
good (rz0.90). 
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6- CSH 6 
A ICSV I(CSV 11) 5 

o4 
-

SE, A 
4 2 AA 4 

SE, ,3 

E 
I A 

a 

2 

0- I 

2 4 6 
Observed grain yield (t ha- 1) 

Figure 9. Relationship between observed and 
simulated grain yield of two sorghum cultivars 

for fine plant densities (I to 5 denotes lowest to 

highest density) on Vertisols, ICR ISAlT (enter, 
rainy season 1983. SI, is standard error of the 

observed means to com)are cultivars, at same 

plnt density. SE, is standard error of the 

observed means to conlpare plant densities for 
the same cultivar. 

Soil 

Subsoiling
 

Research initiated in 1984 on the long-term 
effects nsubsoiling a Alfisol8 was continued in 
1185 an s986oiCinaTA nal Reot 18 

267-268). We grew maize (Deccan Hybrid
103) in 1984 but in 1985 and 1986, changed to 
103) in 6) and 1 6, c an tohin is 
sorghum (CS-I 6) which is more tomerant to 

e tested three tillage treatments: 
F, normal tillage (control); 
T, normal tillage with subsoiling every year; 

and 
T1 normal tillage with subsoiling after 3 

years. 
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A heavy tractor was used to draw conven-
tional rippers that shatter the soil to a depth of 
50-60 cm without inverting it. During the crop-
ping periods the total rain received was 384 mm 
in 1984, 294 mm in 1985, and 420 mm in 1986. 

In 1985, root samples were collected at 40 
DAE from all treatments, while in 1986 the root 
observations were only made for T2 at 59 DAE. 
We estimated root density by sampling the soil 
beneath plants and between crop rows using a 
bucket auger and measured root leaogths by
washing out and counting intersections on a 
grid. In 1985 the root density at 20-30 cm depth
in T,was significaitly different from that in T,. 
In both years we recorded significantly larger 
root density (to a depth of 60 cm) in T, than in T1. 

At 69 DAE in 1986, we collected soil core 
samples down to 40 cm to measure soil bulk 
density. Results are in Table 15. In 1",bulk den-
sity was highest at 0-20 cm and tended to 
decrease with depth. Annual subsoiling (T,)
reduced bulk density at 0-30 cm by comparison 
with T, but peak values still occurred at 10-20 
cm. Triennial subsoiling reduced bulk density at 
0-10 cm by comparison with T, but there was no 
benefit in deeper soil. 

In 1985 T, and "1 significantly increased t'ie 
total dry matter (TDM) at 53, 70, and 83 PAE, 
compared to T, (Fig. 10). In the 2nd year of the 
trial T, gave significantly more TI)M at these 
samplings, than T. In 1986, differer.ces in TDM 
between treatments were significant only at 81 
DAE. 


Table 15. Effect of subsoiling on soil bulk den-
sity (g cm- 3) ofan Alfisol 69 days after emergence 
of a sorghum cro;, grown at ICRISAT Center, 
rainy season 1986. 

Soil bulk density 

Soil/ Tillage treatmentsdepth( )and 
depth (cmi) "r, r, -r3 SE 
0-10 1.98 1.79 1.84 ±0.031 

10-20 1.96 1.90 2.01 ±0.037 
20-30 1.84 1.73 1.86 ±0.029 
30-40 1.77 1.76 1.81 ±0.019 

1985 1986 
(year 2) (year 3) 

Control 

........ Subsoiling each year 
12 Subsoiling 3rd year 

10- 4, S 
. SE 

8
/ i SE 

6 // 
E 

/ 

44
 

2 /1 i 

0 2 4 6 8 1 

Days after emergence 

Fgure 10. Effect of sgubsoiling an Alfisol on 
total dry matter of sorghum, ICRISAT19enter, 
ran' seasons 195 and 1986. 

Annual subsoiling increased grain yield and 
TDM at harvest in all years though drought 
severely limited the growth and yield of maize in 
1984 (Table 16). In 1985 TDM yields in T, and 1 
were not significantly different. In "l3 the effect 
ofsubsoiling in 1984 had diminished by 1986 andthere was no significant difference in grain yields 
and TI)M between T, and T3 (Table 16). On 
average, sorghum grain yield increased 36% and 
TDM 32% in the year subsoiling was done but 
fell to only 25.4% more than T, grain yield and 
20% more than T, TDM in the following year.

The average yields of 2 t ha-' grain and 3 t ha-1 
fodder for normal tillage, were exceeded by 0.7 

0.9 t ha-' in the Ist year of subsoiling and 0.5 
and 0.6 t ha-I in the following year. The value of
the increase in grain and fodder yield is more 
than the cost to the farmer of subsoiling; approx
imately Rs 1200 ha-' for the hire of a heavy 
tractor exceeding 100 hp. 
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Table 16. Effect of subsoiling on grain yield and total dry matter (TDM) production (t ha - ) in maize 
and sorghum cultivars grown on an Alfisol, ICRISAT Center, rainy season, 1984-86. 

1984 	 1985 1986 

illage Maize ()H 103) 
treatment' Grain TDM 

i 0.28 2.90 
"' 
T3 

0.51 4.08 

SE T, ±0.11 ±0.14 
SE T, ±0.07 ±0. 1 

I. 	J Normal tillage. 
T, Subsoiled every y1ar (started 1984). 
F, Subsoiled e',cry 31d year (startal 1984). 

We meaisured cumulative Infiltration one 
month after harvesting the crop. Figure I I 
shows tihe mean inliltration characteristics for 
each tillage treatment in 1!)56. There was little 
dillfcrence between thle control (T I)and T which 
htad beerI subsoiled in 1984. (UMulaktive infiltra-
tion after recent subsoiling ('1-) was approxi-
inatelk twic. the control. 'I itesc rc.lIts suggest 
that deep t Ilage is needed more often than cvcry
third year to benefit infiltration and root 
pellet rat loon.l 

Animal-drawn Crust-breaking 
Equipment 

The establishment ofa uniform plant stand of a 
desired density is often frustrated by poor seed-
ling emergence through a soil crust. On sandy 
and loaiv soils iII arid and sent i-arid regions, 
failure ot seedling elergencc iscommon in crops 
sucht aS pearl rttil!et, sorghum, soybean, cotton, 
1Iung bean, cowpea, 1rnd many other small-
grained crops. Once a crust is formed over the 
seeded rows, it should be either wetted fre-
quently, or broken mechanically, but the fre-
quent application of water is rarely practical in 
arid and semi-arid regions. 

We developed an implement at ICRISAT 
Center(ICRISAT Annual Report 1982, pp. 268-

Sorghum (CSIUt 6) 
Grain TDM 

Sorghum (CSH 6) 
Grain TDM 

3.09 
4.07 
3.87 

6.10 
8.00 
7.56 

2.03 
2.90 
2.16 

5.66 
7.68 
5.83 

±0.33 ±0.68 ±0.33 ±0.96 

1986 

20--.... ubsoilirg each year 
- Subsoiling 3rd year 

Control , , 
16 

E 	 . 
-	 , 

12
-

U 4-

0-I i 

0 30 60 90 120 150 
Time (min) 

Figure 11. Effect of subsoiling an Alfisol on 
cumulative infiltration, ICRISAT Center, rainy 
season 1986. 

269) to break the soil crust ovei rows ofgermi
nated seeds and thus facilitate seedling emer
gence. The implement consists of two spiked
rollers placed one behind the other in a 
frame, such that their axles remain perpendicu
lar to the direction of travel during operation. 
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This tandem-roller crust-breaker is as easy to use 
as a manually operated single-row implement, 
However, to use it as a multiple-row implement, 
it is necessary to attach the required number of 
crust-breaker units to either a wheeled-tool car-
tier or a tractor. Moreover, tile working \vidth of 
a tandem-roller crust breaker is oniy 15 cm. In 
order to overcome these limitations and to get 
wider coverage in a single pass, we designed, 
developed, and tested an an iinal-drawn irplc 
ment called the "inclined-roller crust breaker", 

This implement consists of' two wooden 
rollers, each 500 mm long and 150 imrin diame-
ter. Nails are fixed on the rollers in rows running 
along the roller axis, at a spacing of 25 am, and 

'Fop view 

Beam 
Beam 

.- 1070 mm 

Front view 

Frame ___ 

S, 

I 

projecting 25 mm above the surface. The rollers 
are arranged side by side in a U-frame made of 
mild-steel flats such that their axles make a 1700 
included angle at the center of the frame. The 
axle of each roller is inclined at an angle of 50 
from the perpendicular to the direction of travel. 
This arrangement permits a width of coverage 
almost equal to the sum of tile length of the two 
rollers. It also counter-balances the side forces, 
arising from the inclination of the rollers. The 
axle housings are 20 nm shorter at the center of 
tile frame than at the outer ends, so that the 
entire length oftihe rollers comes in contact with 
the soil surface when the implement is brought to 
the operating position by raising its beam to an 

Roller 

Handle 

End view 
.Nail 

. 

Figure 12. Engineering details of inclined-roller crust breaker, developed at lCRISAT ('enter. 
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_ . . .- , -

Figlure 13. Inclined-rolher crust breaker independenIi unit on a, Alfisoil( IRISAT (enter, 1986. 

of aloui ' il. Coll- t mnd ollcir in1tn1l
sirner' itl details ot tile iiplerlcnent ire shown1 in ally with tsickle. Fomr ecurh plot. 100 seeds were 

n:itc lic ipi)Cntit call he piEltd h\ it on lows at itdepth ol 30 mm for 

aieeil" t 31) \ i,th hti /orolit I lie h'L rk-er. -i cilist breakci, OFr 

12. 
 par illtw%o5-InI 
oft bulllock". itli.l all ildent uOit (I i11. peiarl millet and 50 mmllt for sorghliu . ()n the;1, intdep 
13). or a-an tttc.rmert to an indigcnou, hade same ) water vas applied by sprinklcr.lat nmin 


lt)i
\ fhktlir). l ;I .o .ln plank (li'i. 14). resnultitr iI theforrmiltiorrl of alernst of rcisona-
We nvatlritcd the ple in tm.nt. hi\ strcnigh (Ont.siircd \,ith it pocketof tile inclined- nilitont 

rollc ernst thi-cAkerF h\ r-,, thI CnrCt'CIee peetrorncter) inlthe range of 200-250 kPa (2-2.5 
of perll m illet an,! ,,ylin in t\\ , trials eoll- kg cit Iol litI' Hi.') tie 4th ti rigatiou. (rust 
dtied ll ll Allisol in tilrclr' and n, were on I)AS. rad seedlingin saoill\ hrcalkcrs ctsed 4 
of I .Xt).hoth trilts wel laid out init tndol- rncrrgcricc wits recordcd 5 da illter hcaking 
i/td block dcsipn ,th Imir replications. I Irte the crust. 
tlCtl'sl1n wCre: I. r c tttrrrhrokenaid 2. elrnst rust breaker effectivelyesttl The inclined-roller 
I-rokerr ither with 1rr iiclirred-roller Crnst broke tire crnst, but 1i1rIjred lCss tItan It tIlre 

li 
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Figure 14. Inclined-roller crust breaker attached to a plaink on n Afisol, ICRISAT (enter, 1986. 

seedlings. In hot h trials, crieITIcnce was silnifi- Crop Residuescantl I'.( 0.1) hieher in plots with broken 
crust tlan inI plots with Inrbrokcn crust (Table In the long term, "farming systems" wh:ch17). Hlowever. the ditlerenes in the methods of ensure 'he generation and maintenance of abreaking tle crnst had no signi icant influcnce ftavor'able soil structurC are- critical to theron seedling emergenuce. suc-Ihe action of the cessI' lfIusC of Alfisols inthe SAT.The incorpoinclined-r(Ollcr crust brca kcr was as effective as ration of organic matter is one possible way tothalt of the tandCm-rollCr crust breaker or a hand improve soil structure. HIowever, in an experi..tool. The inclined-roller crust breaker required Iermt at ICRIS,AT Center when 5 t ha-' of non2.8 ± 0.I i t cover I ha whereas , 200 h werv decomposed dry crop residue (rice straw) wererequi red to break the crust mnal Ilv. The work incorporated into the soil, we erIcountered nitrate was cqtrVil',';nt to 3 or 4 tandem-roller units rogen deficiency and sowing problems thatattached to an animal-drawn tool bar. The aver- reduced crop yields. We recorded similar obserage fie!d Cep1,pcitv of this iIimplement is • 0.35 11-1 vations when sorghum straw wIs used. This sugand its estimated cost is about Rs 250 (S20). gests that, inia semi-arid environment, the incor
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Table 17. Mean seedling emergence (%) through unbroken and broken soil crust, ICRISAT Center, 
dry and rainy seasons 1986. 

Sorghum Pearl millet 

Treatment Mean (%) SE Mean (%) SE 

Soil crust unbroken' 16.4 ±2.75 1.4 ±0.26 
Soil crust broken with inclined-roller crust breaker' 73.1 ±0.84 55.1 ±2.53 
Soil crust broken with tandem-roller crust breaker2 73.7 ±1.52 52.7 ±7.43 
Soil crust broken manually with a sickle- 71.0 ±0.96 52.8 ±1.83 

1. Based on two seasons' data. 
2. Based on dry-season data. 
3. Based on rainy-season data. 

poration of large amounts of nondecomposed Table 18 clearly indicates the effectiveness of 
dry crop residues without the addition of nitro- this system of crop residue management in 
gen fertilizers may not be beneficial, reducing runoff and soil loss, and in increasing 

At ICRISATCenterwe investigated the use of crop yields at ICRISAT Center. In terms of 
crop residues is a surface mulch incorporated average values over 4 years, organic matter at 10 
into the soil in subsequent years. In 1981, we t ha - ] reduced seasonal runoff by 90%, and soil 
initiated an experiment to discover whether the loss by 91%, and increased yields of sorghutn by 
application of groundnut shells applied to the 27%, and pigeonpea by 59% compared with the 
soil surface affected r,,nr, ff, soil loss, and crop nontnulched treatment. 
yield. We applied shell at rtes of 2.5, 5.0, and The soil temperature records showed that as 
10.0 t ha-'. Each plot was pm%)vided with a multi- the quantity of mulch increased, the soil terper
slot divisor system to measttre runoffup to about ature at all depths generally decreased. The 
120 mm per storm. Two neutron access tubes organic mulch was found to be most effective in 
were placed in each plot to monitor soil mois- reducing the soil temperature during the early 
ture. For the first 2 years, soil temperature was part of the rainy season. During the first week of 
measured twice daily at three soil depths 5, 15, July 1981, an organic mulch of 10 t ha -t reduced 
and 30 cr. the soil temperature (weekly average of daily 

Table 18. Effecls of groundnut-shell mulch on crop yield, runoff, and soil loss of Alfisol, ICRISAT 
Center, 1981-85. 

Crop yield (t la-') 

Organic matter rate Intercropping Runoff Soil loss 
(t ha-) Sorg) um Pigeonpea (mm) (t ha- 1) 

No mumch 2.07 0.84 282 3.92 
2.5 2.27 0.97 147 1.95 
5.0 2.42 1.11 88 1.21 

10.0 2.63 1.34 26 0.35 

SE ±0.17 ±0.09 ±13 ±0.23 
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values) by 6C (from 33 to 270 C) compared to 
the nonmulched treatment. Similar differences 
in soil temperature (ranging from 3 to 5 ° C) were 
observed during relatively dry weeks. This has 
implications because, in some SAT areas, high 
soil temperature during the early part of the 
rainy season is one of the causes of poorseedling 
emergence and poor crop stand (ICRISAT
Annual Report 1984, p. 19 and 1985, pp. 83-85). 
In the later part of the rainy season, however, the 
differences in soil temperatures were generally 
not significant. One of he reasons for this was 
the high rainfall during 1981 (1170 mm) when 
unusually low soil temperatures were generally 
recorded. The soil temperatures at 15- and 30-cm 
depths showed a similar trend. However, the 
differences of temperature between the various 
mulch treatments at these depths were smaller
than at 5-cmi depth. 

Residual Effects of Short- and 

Medium-duration Pigeonpeas 

on Sorghbm 


We conducted an experiment on a Vertisol to 
study the effccs of short- and medium-duration 
pigeonpeas on succe'!ding sorghum crops to 
supplement the information emanating from our 
long-term experiment on Vertisols (ICRISAT
Annual Report 1985, pp. 286-288). In the first 
year (1985 rainy season), there were four treat
merits consisting of fallow, maize (Deccan 103), 
short-duration pigconpea (ICPL 87) and 
medium-duration pigeonpea 1-6)(ICP with 

three replications. All the treatments received a 

uniform application of 20 kg P ha-' as single 

supcrp'iosphate (SSP) 
and maize received an 
extra 30 kg N ha-' as urea. 

In the second year( 1986 rainy season) we grew 
a uniform crop of sorghum (CSH 6) on all 
treatments. Further, each of the four main 
treatments were subdivided into 4 subplots each 
receiving nil, 30, 60, and 90 kg N ha -' as urea. 

It is clear from Table 19 that both short- and 
medium-duration pigeonpeas have little residual 
effect in terms of N on the succeeding sorghum 
crop yields. 

Table 19. Effect of preceding crops on sorghum 
grain yield (t ha-) in response to N fertilizer on a 
Vertisol, ICRISAT Center 1986. 

Applied fertilizer
 
(kg N ha- 1)
 

Preceding crop 0 30 
 60 90 Mean 

Fallow 4.26 4.75 4.755.08 4.96 

Short-duration 3.15 
 3.8 4.33 4.91 4.05 
pigeonpa
 

Medium-duration 
 2.87 3.96 5.04 4.99 4.21 
pigeonpea
 
SE ±0.34 ±0.43 ±0.46 ±0.49
 
SE___0.34_+0.43_+0.46_+0.49
 

Short-duration pigeonpca produced 836±32 
-kg fallen leaves ha ' and medium-duration 

pigeonpea produced 796±57 kg fallen leaves 
ha-i. These leaves were incorporated into the 
plots before sowing sorghuim. The short
duration pigeonpea thus addcd 11 kg total N
ha - 1and the medium-durat ion 10 kg total N ha-' 
to the system from fallen leaves. Even if one 
assutnes 50% mineralization of this organic N. 
the contribution from leaves seems very small. 

Nutrients 

We continued research initiated in 1982 in col
laboration with the International Fertilizer 
Development Center (IFDC) on sources of 
phosphorus, nitrogen, farmyard manure, and 
crop residues and their management for 
increased agricultural production. In farm trials 
at Gobery, Niger we compared three sources of 
rock phosphate; Parc-W rock phosphate (PR P), 
Tahoua rock phosphate (TRP), and Parc-W 
partially acidulated rock phosphate (PARP 50) 
with single superphosphate (SS l). Partial acidu
lation is a process that uses only a fraction of the 
sulfuric acid required to convert the insoluble 
tricalcium phosphate fully to the water-soluble 
form. In the case of PARP 50, rock phosphate 
ws acidulated at the 50% level. 

http:SE___0.34_+0.43_+0.46_+0.49
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Whe:i applied at a rate of 66 kg P,0 5 ha-1 , the /xCANG = Calcium ammonium nitrate, 
relative agronomic effectiveness compared with point placed 
SSP (100%) was 63% for TRP, and 42% for PRP 0UBI = Urea, broadcast and
 
indicating that TRP is more suitable for direct 
 1.6- incorporated
 
application than PRP (Fig. 15). PARP 50 was
 
91% as effective as SSP, confirming that this e UG = Urea, point placed
 
less-expensive product can adequately meet the
 
phosphorus needs of pearl millet and also poten- 1.2
tially save Niger substantial sums in foreign
 
exchange on imported fertilizers.
 

In order to compare the management of cal- 
ciur ammonium nitrate (CAN) and urea (U), we
 
point-placed CAN (CANG) and urea (UG) and - 0.8
compared these treatments with urea broadcast, "1
 
and incorporated (UBI). CANG performed bet- E
 
ter than UG and UBI (Fig. 16). Records of 15N
 
from previous years showed that significantly 0.4

= 
o 	SSP Single superphosphate
 
=
* 	PAR Parc W partially acidualated
 

50 rock phosphate at 50%/o 0
 
=
* TRP Tahoua rock phosphate 	 0 150 300 450 
= * PRP Parc W rock phosphate Nitrogen applied (kg N ha - 1) 

1.6- Figure 16. Effect of different sources, methods 

of application, and rates of N application on 
pearl millet grain yield (t ha-;), Gobery. Niger, 
rainy season 1986.
 

1.2

faster losses of urea occurred from point place
"-
 ment, possibly due to the adverse effect of con

0.8-	 centrated urea on te local soil microbial 
population resulting in delayed nitrification. 
The high concentration of NH 4 in the soil pro-

Qmoted 	 volatilization losses. CANG performea 
0.4 - better than UG because half of its N is in the 

form of nitrate and hence is less volatile than 
urea. 

0.0 	 Sulfur 
0 	 50 100 

Phosphorus applied (kg P20 5 ha-') We observed a dramatic response to sulfur under 
Figure 15. Effect of phosphorus sources and continuous cropping on the same piece of land as 
rates of application on pearl millet grain yield shown by the difference in the response of pearl
(t ha-1), Gobery, Niger, rainy season 1986. millet to TSP (containing little or no sulfur) and 
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SSP (containing 12% sulfur) after 5 years of 
cropping (Fig. 17). The relative agronomic effec
tivenessofTSPwas only60%attherateof30kg 
P20 5 ha-'. 

*- SSP = Single superphosphate
1.6 (+sulfur) 

* TSP = Triple superphosphate 
(-sulfur) 


1.2-


0.8-

0ual 

0.4-

0 I I 

0 10 20 30 40 
Phosphorus applied (kg P,0 5 ha -') 

Fi.ure 17. Effect of phosphate fertilizers with 
and without sulfur on pearl millet grain yield 
(t ha-') after 5 years continuous cropping, IS(', 
Sadore' Niger, rainy season 1986. 

Soil Management at ISC 

In an experiment started in 1983, we added 4t 
ha-' of pearl millet stov-- in the first year to the 
plot receiving crop resicae. In 1984, 1985, and 
1986, the stover produced in this treatment was 
left on the soil surface. Additions of crop
residues have continued to improve yields from 

1984, but as Table 20 shows, the highest yields 
were obtained when crop residues were supple
mented with mineral fertilizers. Chemical prop
erties measured after the 1986 crop season 
showed that crop residues together with fertiliz
ers significantly increased the organic mv.tter 
content and reduced the aluminum and hydro
gen saturation of the exchange complex.

We continued to study the effects of pie
sowing cultivation, fertilizer addition, and resiG

fertility on the establishment, growth, and 
yield of three pearl millet cultivars. We evaluated 
the residual effect from 1984 onwards by impos
ing a cultivar treatment that included two 
improved cultivars 3/411K and CIVT, Pnd 
Sador Local in 75-cm rows at 13.3 hills m-2 . The 
direction of the rows was perpendicular to the 
prevailing direction of erosive winds. Pearl 
millet was sown after 40 mm of rain. This was 
followed by a drought spell of 17 days during 
which only 3.7 mm of rain fell. Establishment 
and subsequent hill survival were si,. ificantly 
superior for plowing and to a lesser extent for 

Table 20. Effect of applicatioa of pearl millet crop residues over a 4-year period (1983-86) on grain 
yield (kg ha-') of pearl millet, and soil chemical properties measured at the end of the 1986 rainy season, 
ISC, Sador6, Niger. 

pH Organic Total N Ca + Mg Al + H 
Grain yield Bray P1 (KCI sus- matter (rag kg-' (cmol(+) saturation

Treatment (kg ha-') (rag P kg-' soil) pension) (%) soil) kg-') (%) 

Control 56 2.6 4.1 0.24 126 0.43 48 
Crop residue 743 3.0 4.4 0.29 155 0.68 20 
Fertilizers 816 7.1 4.1 0.25 151 0.44 43 
Crop residue and fertilizers 1532 8.1 4.4 0.33 171 0.72 16 

SE ±66' ±0.46 ±0.04 ±0.01 ±8 ±0.34 ±3 
CV(%) 121 18 2 10 10 11 19 

I. Does not apply to control where SE = ±13 and CV = 35%. 
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ridging compared with sandfighting and the - Plow
 
zero-tilled control (Fig. 18). 
 Ridger 

Pearl millet responded well to fertilizer addi- Control (zero tillage) 
tion and cultivation. There was also a highly
 
significant (P<0.01) interaction of tillage and 100- Sandfighter
 
fertilizer. The intensive tillage methods of plow
ing and ridging did better on fertilized plots. On
 
nonfertilized plots, mean plant height was 50 cm 80
 
for plowing, 34 cm for ridging, 21 cm for sand
fighting, and 33 cm for control. On plots that 
received fertilizer, corresponding values were 82, 
60,42, and 40 cm respectively (SE ±3 cm). V 60-

These " ids were similar for grain yield. X 
Ridging and plowing increased grain yield sig- 0 
nificantly (P.<0.01) as did fertilizer. Local pearl Lp 40
millet gave a significant response to fertilizer. 
There were no residual effects of fertilizer ap
plied in 1984. 20 

In another stand sown in a previously fallow 
field on the same date with the same plant den- SE r I04 
sity, we observed similar early advantages due to 

tillage. Plant stands in the two experiments inea- 0 20 40 60 80 
sured 2-3 weeks after sowing were regressed with Days after sowing 
millet (CIVT) yield on fertilized plots. The Days ftesowing 
effects of cultivation (plowing or ridging) versus Fe 18 Eec t sangmultivaio 
no tillage control on stands and yields were sig- method on pearl millet stands measured as a 
nificant for both experiments. Results show the percentage survival of hills sown 13.3 r -2, ISC, 
importance of vigorous early crop establish- Sadore Niger, rainy season 1986. 
ment: each additional 133 hills ha-' produced 
approximately 6.5 kg ha-' more grain, in spite of 
the general differences in yield levels between the limiting yields particularly when rains end early 
fields. in the season, as in recent years. Improved varie

ties have been introduced whose plant types and 
maturity cycles differ from the local materials 

Crop Systems that were initially selected for monoculture sys
tems. Emphasis has been on adapting these new 

Intercropping at ISC varieties for intercropping systems. In the last 3 
years, agronomic trials have explored important

Pearl millet and cowpea are grown extensively as factors such as appropriate dates for sowing 
intercrops in the dry regions of West Africa. cowpea in relation to pearl millet, densities, fer-
Yields of both species are often very low, being tility and genotypes. All these influence produc
limited by inadequate and erratic rainfall, poor tivity in intercropping systems. 
soils and lack of improved varieties. The flower
ing of indigenous inillets and cowpea coincides 
with the end of the rainy season when there is a Genotypes for Intercropping 
high probability of drought. In the traditional 
systems, the two crops compete for light, water, At ISC, contrasting cowpea types have been 
and nutrients throughout most of the season, screened since 1984 to identify useful traits for 
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intercropping. The initial screening consisted of 
300 lines sown in sole and intercropped stands 
with a single pearl millet cultivar, CIVT. In 1985 
and 1986 we used 75 lines selected from the 1984 
screening. Results over the 3 consecutive years 
have shown significant positive correlations 
between sole and intercrop yields. In 1984, the 
driest year on record (260 mm), yields of both 
cowpea and pearl millet were severely reduced 
and the correlation coefficient (r) was 0.45 (P.< 
0.')5). During 1985 (rainfall 545 am) and 1986 
(rainfal! 657 mm) moisture wits not limiting. The 
correlation coefficients were 0.75 (P .-0.01) in 
1985 and 0.91 (P < 0.01) in 1986. Genotype 
performance varied in both cropping sca,;ons. 
As previously reported (ICRISAT Annual 
Report 1986 p. 272), greater yitld advantages 
were obtained with intercrop combinations 
involving cowpea cultivars that mature in 55 to 
65 days. These cultivars gave acceptable yields 
without seriously affecting the performance of 
pearl millet. 

Traditionally, when pearl millet is inter
cropped with a later-riafuringcowpea, the millet 
is "ftei sown after the first substantial rainfall 
and cowpea is sown later in the season. Because 
grain and hay yields of cowpea are small, we 
explored the effect of changing agronomic com
ponents such as date of sowing, density, and 
choice of cultivars on the performance of pearl 
millet and cowpea in tile intercrop. We com
pared the performance of three morphologically 
different types of cowpea; two early maturing 
(IT82D 716 and TVX 3236) and one late
maturing cultivar (Local Sadori'. Fich ciitiuvnr 
was grown in an intercrop with pearl millet in 
two successive seasons at ISC. Yields of early 
cowpeas were inproved by sowing the cowpea 
with or shortly after the pearl millet (Table 21). 
The late-maturing cultivar significantly reduced 
the pearl millet yield when sown simultaneously. 
Grain yield ofcowpea was negligible when sown 
3 weeks after pearl millet. In anotherexperiment 
where early cowpea and pearl millet were sown 

Table 21. lntercronpped cowpea and pearl millet yields (kg ha-!) in relation to sowing time, ISC, 
Sador6, Niger, rainy seasons 1985 Lnd 1986. 

Sowing time Cowpca cultivari
 
of cowpea in
 
relation t IT821) 716 TVX 3236 Iocal Sador
 
pearl millet Season (i2 If M G 
 H M G H M
 
Simultaneous 1985 350 
 730 1055 485 930 1040 2270 340 

1986 150 273 980 185 380 570 40 1280
I week later 1985 200 215 1255 240 750 1310 

560 
1970 630 

1986 180 186 610 120 400 740 30 1310 6603weeks later 1985 
 70 185 1515 80 270 1120 590 1310 
1986 120 170 880 100 160 810 13 450 840
Sole cowpea 1985 600 1260 930 1160 2430 
1986 405 460 590 650 204 2026
 

Sole millet 1985 1375 
 1375 1375
 
1986 1096 
 1096 . 1096
 

1985 1986
 
SE Cowpea grain ±903 ±19
 
SE Cowpea hay ±79 ±78
 
SE Millet grain ±54 ±72
 

I.I"821) 716 = early erect, TVX 3236 early spreading, Local Sador = late spreading. 
2.G =Cowpea grain. If= Cowpea hay, and N = Pearl millet grain.
3. SE for cowpea grain yield for 1985 is based on IT821) 716 and TVX 3236 only. 
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Table 22. Effect of plant population and fertilizer N on four sorghum cultivars, Sotuba, Mali, rainy 
season 1986. 

Time to 50% Plant height Number of Grain yield 
Treatments flowering (days) (m) panicles m- (t ha-1)2 

Cultivar
 
Malisor 84-3 61 68.2
1.88 2.07
 
Malisor 84-1 62 2.31 57.3 2.48
 
Malisor 84-7 64 1.41 61.7 2.37
 
CSM 388 88 5.45 54.5 1.35
 

SE ±1.5 ±0.04 ±4.0 ±0.12 
2)Population (plants m 

5 68 2.72 51.1 2.16
 
10 69 2.80 69.8 1.98
 

SE ±2.2 ±0.28 ±2.4 ±0.11 

N applied (kg ha-1)
 
0 71 2.77 58.7 2.02
 

50 66 2.74 62.2 2.11
 

SE ±2.2 ±0.28 ±2.4 ±0.11 

CV (%) 18 25 28 32 

in paired rows, we recorded intercropping The performance of these cultivars and CSM 
advantages of up to 58% with little reduction in 388, a local cultivar at Sotuba (1986 rainfall 918 
pearl millet yields. These results show that pearl mm) is shown in Table 22. The new cultivars 
millet/cowpea intercropping performance can flowered earlier, were less tall than, and out
be improved by the use ofappropriategenotypes yielded CSM 388. Late-flowering CSM 388 
and agronomic manipulation. encountered drought during the grain-filling 

stage, but the improved cultivars escaped stress 
because of their t-irliness. The cultivars were not 

Crops in Mali affected by p'ant population or rate of applied 
fertilizer. These results were consistent with our 

We continued ourstudies on developingalterna- previous studies. As Malisor 84-1 and Malisor 
tive and more productive sorghum- and pearl 84-7 were found to be consistently higher-yielding
 
millet-based cropping systems in Mali. As a part than Malisor 84-3, we recommend these two
 
of this objective we also evaluated the perfor- cultivars for future farm testing.
 
mance of different sorghum and pearl millet
 
lines being developed by our breeders.
 

Pearl Millet 

Sorghum We evaluated five pearl millet cultivars for their 
agronomic responses under two levels each of 

We evaluated three improved sorghum cultivars density and fertilizer N at Cinzana (1986 rainfall 
developed by our breeding program under two 632 mm). Souna x Sanio, an improved Malian 
levels each of plant population and fertilizer N. cultivar out-yielded other cultivars in spite of its 
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poor tillering ability (Table 23). As in previous 
years, Pool 4 gave the lowest yield of the five 
cultivars. Increasing plant density had a negative 
effect on grain yield, while applying 50 kg N ha-I 
resulted in significant yield increase. All pearl 
millet cultivars were able to escape the late-
season drought. However severe bird damage 
and pollen wash were two serious problems 
noticed on these early cultivars. 

Intercropping 

Our studies on cropping systems aim to develop 
more productive systems by incorporating 
commercial crops and improved cultivars. Dur-
ing 1986 we examined tile three intercropping 
systems, maize/pearl millet, sorghunm,/ground-
nut, and sorghum/cowpea. 

In our previous studies we examined maize/ 
pearl millet intercropping for its productivity by 
considering such agronomic factors density,as 

fertility, and time of sowing. This year we used 
two maize and three pearl millet cultivars. There 
were no significant differences in grain yields 
within species. 

We evaluated seven sorghum cultivars from 
our breeding programs for their performance, 
alone and intercropped with cowpea. Table 24 
shows the performance of sorghum cultivars 
under the two systems. S 34, S 35, and Malisor I 
yielded particularly well. Intercropping greatly 
reduced cowpea grain and fodder yields. Malisor 
7, a short-statured early sorghum, was the least 
competitive cultivar. The low-yielding CS M 388 
did not suffer from cowpea competition and 
produced its normal yield under intercropping. 
Total Land Equivalent Ratio (LER) values did 
not reflect the grain-yield potential of the cultiv
ars. S 34 and S 35, though higher yielding, had 
poor competitive ability thus producing lower 
LER values. 

We exanincd the influence of sowing dates of 
sorhumn cultivars on the productivity of the 

Table 23. Effect of plant population and fertilizer N on five pearl millet cultivars, Cinzana, Mali, rainy 
season 1986. 

Treatments 

CuLivar 
Composite Precoce 
ICMV 2 (IBV 8001) 
Souna x Santo 
Pool 4 
ICMV 7 (ITMV 8304) 

SE 

Population (plants m- 2)
3.3 
6.6 

SE 

N app!ie- (kg ha-')
0 

50 

SE 

CV (%) 

Time to 50% 
flowering (days) 

51 

52 
53 
58 
52 

±0.3 


54 
52 

±0.4 

54 
53 

±0.4 

5 

Plant height 
(in) 

N:umber of 
panicles M2 

Grain yield 
(t ha-') 

2.48 67.6 1.83 
2.45 79.0 1.68 
2.59 58.2 1.95 
2.67 79.1 1.37 
2.62 66.1 1.69 

±0.03 ±0.3 ±0.I 

2.54 63.9 1.79 
2.58 76.2 1.61 

±0.02 ±1.9 ±0.07 

2.52 62.7 1.57 
2.61 77.0 1.84 

±0.02 ±1.8 ±0.07 

, 19 27 
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Table 24. Performance of improved sorghum genotypes sole-cropped, and intercropped with cowpea 
(yields in t ha-t), Sotuba, Mali, rainy season 1986. 

Genotype 

Malisor 84-1 
Malisor 84-7 
Malisor 84-3 
S 34 
S 35 
82 S 50 
CSM 388 

SE 

CV (Q) 

I. :,ole grain yield cmwpea 
2. LFR I-and FqtUivalent 

Sorghum grain yield 

Sole Intercrop 

2.85 2.43 
2.15 1.46 
1.72 1.41 
2.67 2.15 
3.02 2.37 
2.34 2.30 
1.40 1.37 

±0.09 

33 

1.16 tha'1. 

Ratio. 

Intercropped 
cowpea grain 

yieldI 

0.43 
0.57 
0.42 
0.43 
0.43 
0.38 
0.42 

±0.02 

19 

Sorghum 

L.ER 2 


0.85 
0.68 
0.82 
0.80 
0.78 
0.98 
0.98 

Cowpea Combined 
LER LER 

0.37 1.22 
0.49 1.17 
0.37 1.19 
0.38 1.18 
0.37 1.15 
0.33 1.31 
0.36 1.36 

sorghumi groundnut system. Malisor 34 suf- productivity of the system is considered, CSM 
fered most while CS I 388 performed well with 388 performed better because of its higher yields. 
ground nut (Table 25). However, in terms of The sorghum sowing date significantly affected 
absolute yields, Malisor 7 was the lowest yielder both sorghum and ground nut yields. Delaying 
and S 34 the highest. Groundtut produced sorghum sowing date increased groundnut yield 
higher yields with Malisor 7 but when the total considerably, but at the expense of sorghum 

Table 25. Effect of sorghum cultivar and sowing date on performance of sorghum/groundnut inter
crops, Sotuba, Mali, rainy season 1986. 

Intercrop sorghum' Intercrop groundnut' 

Treatment 
Grain yield 

(t ha-') LER 2 
Pod yield 
(t ha-') LER 

Combined 
LER 

Sorghum cultivar 
Malisor 84-7 0.78 0.37 2.33 Sl 1.18 
S 34 1.26 0.31 2.24 . Q 1.09 
CSM 388 1.10 0.59 2.14 0.'/. 1.34 

SE ±0.10 ±0.10 

Sorghum sowing date at: 
Groundnut sowing date 1.31 0.50 1.98 0.69 1.19 
4 weeks later than groundnut sowing date 0.79 0.30 2.50 0.88 1.18 

SE ±0.08 ±0.07 

CV (%) 44 18 

I. Sole crop yields: Malisor 84-7 = 2.08 t ha" , S34 3.950 t ha-1, C(SM 388 = 1.87 t ha-', groundnut = 2.85 tha-'. 
2. LER = Land Equivalent Ratio calculated using trial means for respective sole crops. 
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growth and yields. Groundnut, being susceptible 
to early competition benefited by the delayed 
sowing of sorghum which resulted in poor
sorghum stand and lower sorghum grain yields. 

Microclimatology of Intercrops 

In the 1985 and 1986 rainy seasons, we con-
ducted multi-disciplinary experiments with 
pathologists in ICRISAT's crop improvement 
programs to relate crop microclimate to the inci-
dence of foliar diseases (rust, Pucciniaarachidis,
and late leaf spot Phaedisoriopsispersonata)of 
groundnut. Previous unpublished studies at 
ICRISAT Center indicated that intercropping 
consistently reduced rust incidence on ground-
nut but there was no effect on late leaf spot, 
contrary to reports elsewhere that groundnut 
foliar diseases are more severe in an intercrop 
because of increased humidity. The main aim of 
the experiments was to compare the tempera-
ture, windspeed, humidity, and leaf wetness in 
sole and intercropped groundnut, Kadiri 3 
(Robut 33-1) in a 1:3 row arrangement with pearl 
millet, BK 560 in large plots, 30 ,20 m. Both 
experiments were sown in early July on medium-
deep Alfisols and the crops were rainfed. 

Another objective was to compare tile micro-
climate in the intercrops with that in an auto-
matic weather station, sited nearby (400 m). For 
most of the season, tile average daylight air 
temperature (0600-1800 h)at I m height at the 
weather station was only marginally different 
from the air temperature above the groundnut 
canopy within the intercrop; but during the 
period from 50 to 60 DAS, the temperature 
within the intercrop was about 2°C higher than 
at the weather station. In marked contrast, the 
windspeed within the intercrop (30 cm above 
ground) was considerably less than the values 
recorded at the weather station (Fig. 19). The 
reduction in windspeed in the intercrop would 
have been even greater had the orientation of the 
rows (East-West) been at right angles to the pre-
vailing winds which were predominantly westerly. 

Comparison of the microclimate of the sole 
and intercropped groundnut during the 1985 

4 Meteorological station 
Intercrop
 

3 

. 2/ 

/
 
.j
 
E 

Pearl millet 
removed 

0-"
 
20 40 60 80 100 

Days after sowing 
Fi 

gure 19. Comparison of windspeed mea
sured above a groundnut cle in a groundnut 
pearl millet intercrop and at the meteorological 
station, ICRISAT Center, rainy season 1985. 

season shows that the average daylight canopy 
temperaturcs were within I°C throughout the 
season except for a 10-day period between 45-55 
DAS when there was a severe drought (Fig. 20). 
Average windspeed above the sole groundnut 

-
crop was 2.60 ± 0.49 in s compared to 1.45 ± 
0.58 m s-1 in the intercropped groundnut. The 
reduction in windspeed in tile intercrop reached 
a maximum at 30 DAS when the pearl millet 
attained a height of 0.8-1.0 i1 after which the 
windspeed was consistently 1.25 to 1.50 m s-1less 
than in the sole groundnut. In contrast, the dif
ference in saturation vapour piessure deficit 
between the two stands was small although the 
intercrop microclimate was marginally more 
humid (-0.24 ± 0.21 kPa). This is not surprising 
since the August and September rainfall was one 
of the lowest since 1972 (ICRISAT Annual 
Report 1985, p. 3). However there were still con
sistent Jifferences in the relative leaf wetness of 
the two canopies during daylight but there was 
no apparent trend during the night. 
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+4- Pearl millet Because of the long periods of drought in both 
U removed 1985 and 1986 there was no significant build-up 
0 

of foliar diseases during the experimental period2and there were no significant differences 

0 -- ------ between treatments in the spore counts of rust 
and leaf spot fungi. During the last 2 weeks of the 

2 -2 1985 season there was an outbreak of leaf spot 
that reduced pod yield of nonsprayed groundnut 

-4 . by 30%; but comparing intercropped and sole 
stands, there was no difference between the rela
tive yields of groundnut sprayed with chlorotha

+ 2-	 lonil (Daconil®) to control foliar diseases, and 
Pearl millet nonsprayed groundnut. We still need to com

+1- removed pare ricroclimates in a more typical season 

when the high incidence of foliar disease is 
- 0-.--.-.---------.-.-- responsible for yield losses of the order of 70% 

(tCRISAT Annual Report 1984, p. 203). 
C -I- The drought of the last ? years provided an 

excellent opportunity to compare the perfor
-2- , i malice of the pearl nil'et, ground nut and inter

crop canopies in terms of their formation and 
functioning. For example, the rate of' -inopy 

" +1 development expressed in terms of leai area 
Pearl millet index (ICRISAT Annual Report 1985, p. 276) or 
removed as fractional radiation interception (Fig. 21) was 

a 	 . faster in both years than in 1978, an average 
0- - - - - - -- - - rainfall year. The 1986 stand3 had a much 

. smaller canopy, maintained throughout the 
growing season but the 1985 stands began to 
senescc from 45 to 50 DAS. The pearl millet 

-1 stands intercepted about the same radiation in 
the 3 years but the efficiency of radiation conver-

Day sion (e) was reduced by approximately 20 to 30% 
+20- N in 1985 and 1986 (Table 26). The 1985 groundnut 

. crop was less productive than the 1978 crop 
S+10- because it intercepted 40% less radiation but e 

.__was about the same, whereas with more severe 
,O +0 . .... . .. .- - drought in 1986, the total intercepted radiation 
_.o was reduced by 20% and e by 47%. 
. -10- The results from the last two seasons are con

trary to our earlier conclusion about the 1:3 
C4 -20 pearl millet/groundnut system which suggested

20 40 60 80 100 that the intercrop advantage of 8 to 31% is due to 
Days after sowing an increased efficiency of utilization of inter-

Figure 20. Differences between nicroclimatic ceptcd radiation by the groundnut and a sub
elements in an intercrop and in sole groundnut stantial increase in pearl millet tiller production 
grown on an Alfisol, ICRISAT Center, rainy (ICRISAT Annual Report 1981, p. 264). In 
season 1985. 1985, the exceptionally high yield advantage was 
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1.0- a. Pearl millet - 1978 

1985 

1986 

' 0.5-

C1 .0 

0.0 - , I I I 

20 40 60 80 100 120 
1.0- b. Groundnut 

4.) 

0 
0 5 

*20.5 

0.0 ii I I 

20 40 60 80 100 120 
Days after sowing 

Figure 21. Fractional light interception of: a. pearl millet, and b. groundnut grown on A~fisols, 
ICRISAT Center, rainy seasons 1978, 1985, and 1986. 

mainly due to the increased harvest index of the 
pearl millet and to a small increase in groundnut 
yield. In 1986, the intercrop gave a 12% reduc-
tion in combined yield because the prolonged 
drought led to severe moisture competition 
between pearl millet and groundnut; the inter-

cropped groundnut yield was only 0.05 t ha -' 
compared to 0.16 t ha- I in the sole crop (Table 
25). 

This is the first time that we have observed an 
actual reduction in crop yield as a result of inter
cropping pearl millet and groundnut. Earlier 
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Table 26. Comparison of canopy performance and grain yield of pearl millet, groundnut, and pearl 
millet/groundnut intercrops grown on an Alfisol, ICRISAT Center, rainy seasons 1978, 1985, and 
1986. 

Efficiency of 
Total radiation radiation 

Intercepted conversion Grain yield 
Year Crop (MJ n- 2 ) (g MJ-') (t ha-') SE 

1978 	 Pearl millet 640 1.13 2.23 ±0.05
 
Groundnut 940 0.48 1.19 ±0.02
 
Pearl millet/groundnut 40 0.87 1.23/0.84 ±0.051±0.02
 

1985 	 Pearl millet 617 0.92 1.23 ±0.06 
Groundnut 550 0.46 0.93 ±0.06 
Pearl millet/groundnut 580 0.29 0.85/0.82 ±0.05/±0.06 

1986 	 Pearl millet 568 0.89 1.81 ±0.07 
Groundnut 752 0.25 0.16 ±0.02 
Pearl millet/groundnut 780 0.18 1.04/0.05 ±0.02/±0.01 

studies have consistently showed that the inter- begun to diagnose the adoptability of agro
cropping advantage increased from 20 to 80% as forestry systems, particularly in the Indian SAT. 
irrigation decreased from 584 to 300 mm. How- Although the extension of agroforestry tech
ever, in these line-source sprinkler studies, water nology in the SAT could provide a great range of 
was applied at regular intervals, whereas in 1986 usable and marketable tree-derived products, we 
the crops experienced a long period of drought place priority on those agroforestry systems that 
that included both midseason and terminal involve our mandate crops. It is not within our 
stresses. All our previous studies have empha- capability to address all shortages of forestry 
sized the advantage ofintercropping in drought and agroforestry products in the SAT 
conditions: now we need to identify the rainfall countryside. 
regimes that are not suitable for intercropping Of the multitude of products from agrofores
systems. try, fodder production from trees appears most 

attr!cliv, as an area of research. Fodder is a 
valuable commodity in both India and sub-

Agroforestry Sahelian Africa. In India, farm-gate prices of 
fodder have more than doubled in real terms 

Analysis over the last 10 years in many locations. Fodder 
has a high value for use on farms, and the flexi-

A study funded by the Ford Foundation was bility of agroforestry systems allows production 
started in 1985 to assist ICRISAT in evaluating either on a cut-and-carry basis, or by in situ 
the role of agroforestry in the SAT and to grazing during fallow periods and in the dry 
formulate future research needs. Evaluation has season. Tree-based fodder supplements may 
involved the examination of demands for improve the feed efficiency of cereal stovers. 
different forestry products that agroforestry This emphasis on fodder does not mean that 
systems can provide, identification of the types other tree products should be neglected: where 
of agrotorestry systems likely to be appropriate, passible, products like poles and fuelwood can 
and consideration of how far these systems are also be exploited. Benefits such as improved 
likely to fulfill the requirements. We have also field microclimate, fertility and soil conservation 
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must be considered as well. Systems designed to 
exploit them are likely to be more adoptable in 
the SAT if they complement the primary use of 
leafy prunings as fodder or browse, 

Many agroforestry systems have been pro-
posed and tested in the SAT, and future research 
at ISC and ICRISAT Center will focus on those 
most likely to be extensible by national pro-
grams. One of these is the multiple-storied or 
"parkland" systems that exist in the dry SAT. 
Notable are the Prosopiscineraria/pearl millet 
association in Rajasthan, India and the Acacia 
albida associations with various crops in many 
parts of Africa. These systems have evolved by
tradition; few farmers actually plant and tend 
the trees, but they implicity sow by not uproot-
ing volunteers, 

These systems usually succeed through some 
physiological or phenological trait that lessens 
competition between a tree and crops grown 
beneath its crown, for instance, deep rooting (as
in the case of P. cineraria)or leaf-shedding dur-
ing the cropping season (as with A. albida). 
Management can also play a part. Lopping trees 
for fodder in the P. cineraria/pearl millet areas 
and in Acacia nilotica/cerealstands throughout 
India are two examples of traditional manage-
ment systems that lessen competition with crops. 

The potential for improving these systems is 
great. One way is by tree selection and breeding 
programs, e.g., selecting for fast early growth 
and thornless types in P. cineraria. Another 
would be to adapt these systems to a modified 
relorestation scheme in which, throughout the 
year, trees are lopped for fodder until estab
lished, or planted in cropped fields to provide a 
continuous source of fodder and wood. In both 
examples, the canopy management of the trees is 
important, as it provides a steady source of 
agroforestry products and lessens negative 
impacts on crops grown in association. 

Another technology with potential in wetter 
regions of the SAT is alley cropping, a system 
wherein pruned tree hedgerows are established 
at regular intervals in the field, allowing crops to 
be grown between. Loppings from the hedger-
ows are either applied to the soil as green manure 
or removed as fodder. 

Our alley cropping trials and those of the 
Indian agroforestry program show that in the 
Indian SAT, trees compete strongly with crops, 
especially for water. Methods that decrease 
hedgerow competition and enhance beneficial 
effects need to be worked out before this system 
can be extended to farmers of the SAT. Such 
options include wide spacing between rows (10
20 m), and using crops such as sorghum and 
pearl millet that are more tolerant of tree compe
tition than pigeonpea. 

Our studies at ISC have shown that short (I 
in) mechanical windbreaks increase crop yields 
in dry areas where wind can damage crops by
desiccation, sand blasting, and burying. Arbo
real windbreaks have been shown by others to 
increase crop yields in river valleys of the Sahel, 
but more research is needed on their long-term 
competition with crops. Also, alternative tree 
species suitable forwindbreaks in the Sahel need 
to be identified. 

Bund and boundary plantings are two Indian 
examples of systems where trees have little or no 
direct effect on crop performance, yet have a 
vital role in the farming system as a whole. Block 
plantings of trees can have a direct effect on crop 
growth when planted sequentially on the same 
piece of land in a rotational scheme. The use of 
forest litter to mulch fields is often overlooked, 
although it is an accepted practice in semi-arid 
parts of Mexico. In areas of West Africa where 
grazing is an important part of the farming sys
tem, a silvipastoral component would be 
practical. 

Experiments 

The emphasis of our agroforestry research is on 
the evaluation of methodologies such as experi
mental design, and the sustainability of agrofo
restry systems; and on the beneficial effect of 
trees in reducing soil degradation on shallow 
soils. Our research complements the wider effort 
of the All India Coordinated Research Program 
on Agroforestry (AICRPA) which concentrates 
on the development and management of suitable 
agroforestry systems. A geometric design exper
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iment was started in 1984 on medium-deep - Sorghum 1984 
Alfisols to examine whether row orientation Sunflower 1985 
would affect the crop-tree interaction. During 2.5
the first year of establishment of the trees (Leu- Sorghum 1986 

caena leucocophala (Lam)), the annual crop 
sown in the 1984 rainy season was sorghum, in ,-,2.0 
1985 it was sunflower, and in 1986 it was again 2.0

sorghum. There were four row orientations 0 
radiating from a central plot of sole leucaena 
(Annual Report cover). 8 1.5-

Row orientation appeared to have an effect on / 

the height of the crop plants during the first r4 / 
month of the rainy season (July) when wind- : 1.0
speed ranged from 3 to 4 m s-. The westerly "1 I 
winds also resulted in a distinct rain-shadow on -E 
the eastern side of the North-South leucaena 0 

no 0 thedgerows but at final harvest there were 

significant differences in crop yield between the 
orientations (Table 27). In 1985, the reduction in 
sunflower yield extended to 2.7 in from the leu- 0- I I 

caena (Fig. 22), a distance that corresponds to 0 1 3 5 7 9 11 
the lateral spread of the lcuenena roots (ICRI- Row number away 
SAT Annual Report 1985, p. 304). The reduc- from leucaena hedgerow 
tion in grain yield was equivalent to a 50% loss in Figure 22. Yields of sorghum and sunflower as 
a 5.4 in hedgerow spacing. The growth of function of distance from leucaena hedgerow on 
sorghum was un'affected by the leucaena in the an Alfisol, ICRISAT Center, rainy seasons 
first year, but in 1986 a small reduction was 1984, 1985, and 1986. 
observed to a distance of 1.2 in, equivalent to a 
20% reduction in a 5.4 m hedgerow spacing. 
Thus, sorghum could be grown at a closer spac- and they are particularly useful for agroforestry 
ing than sunflower and row orientation is research where basic information such as opti
unlikely to have a major influence on crop pro- mum population is lacking. These designs are 
ductivitv inour environment where windspeed is suitable only for short-term and preliminary 
relatively low and hedgerows are cut to 0.8 m at studies because they cannot have randomization 
regular intervals, within complete blocks. However, inferences 

Systematic designs have been used very suc- from such experiments will help us to develop 
cessfully in the past to examine the interactions more appropriate agroforestry systems for long
between crops over a wide range of populations, term operational scale research. In 1984, we used 

Table 27. Row orientation and grain yield (g plant-') of sorghum at two distances from a leucaena 
hedgerow on an Afisol, ICRISAT Center, rainy season 1986. 

Row orientation 

Distance (in) N-S E-W NW-SE SW-NE SE Mean SE 

0-1.4 129 168 148 130 ±32 144 ±16 
1.8-2.7 250 259 266 253 ±14 257 ± 7 
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Figure 23. Layout of 2-way systematic design for agroforestry research on the influence of hedgerow spacing and cropping intensity, 
ICRISAT Center, 1986. 
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a 2-way systematic design to examine the effect a. Sorghum 
of tree spacing (paired hedgerows) and the Lffect 100- Sole crop
 

- )
of cropping intensity on the productivity of (t ha
agroforestry systems ons shallow V.rtic Incepti- 1984 2.69 
sols (Fig. 23). In one direction, we have five 
hedgerow spacings of leucaena which increase E 1985 2.61 
by 0.9 m from 1.95 m to 5.55 m. Within each 1986 5.13 
spacing, a 1:1 row arrangement of sorghum/ 
pigeonpea is sown during the start of the rainy 
season. Row width o1 thi, stands is constant (0.45 5 
ni) so ,hq.t there are two rows of the annual cron C: 
in the 1.95-rn alleys and ten rows in the 5.55-i _ 
alleys. Cropping intensity was aitered by redtuc
ing the two crop rows nearest the tree, at 8-rn 0 
intervals until a single leucaena row remains. In Lr. 
1985. the growth of the stands of sole pigelnpea 
and sorghum was reduced by tile adjacent trees 
becau sc c; moisture competition So, i.y . ." 0-" 

a polkthene root barrier was installed at a depth 2 3 4 5 6 
of 0.5 in, 0.2 in away jroi the trees. Hedgerow sacing (m) 

l)uring the first y'ear of the leucaena (1984), 
the grain yield of sorghum was relatively unaf- b. Pigeonpea 
fected by hedgerow spacing but sorgium yield Sole crop 
was only 45 to 62% of tle sole sorgluin stand S c 
(Fig. 24). In the next 2 years, the grain yield of 100 1984 1.46 
sorghum at the two lowest spacings declined 
dramatically, and in 1986 yield at the wider spac- 1985 0.17 
ings was less than 30% of the sole crop. In all 3 1986 0.83 
years tlie rainfall was about 30% below the long
term average. The sole sorghum vield was about ,
2.7 t ha-' in both 1984 and 1985 but was excep- 0 
tionally high at 5.1 t ha-' in 1986, because of the ", 
favorable rainfall distribution for sorghum 

6 50"
growth. 

hFileaddition of leucaena hedgerows greatly E 
increased the conipetition in the agroforestry .2 

treatments because the grain yield of sorghum 
was reduced by 40 to 60% in all 3 years compared 

to the sole sorghum crop. In 1984 the growth E 
and yield of pigeonpea in the agroforestry treat
ments were unaffected by the presence of leu
caena but, in 1985, pod yield declined dramati- 0 3 4 
cally (from 50 to 4% of sole-crop yield) as Hedgerow spacing () 

hedgerow spacing decreased. The prolonged 

drought in 1985 reduced theyield of sole pigeon- Figure 24. Grain yields of: a. sorghum, and 
pea to 0.17 t ha-' from 1.5 t ha- I in 1984. b. pigeonpea (as a percentage of sole crop yield) 

A major objective of our agroforestry research at five hedgerow spacings on a Vertic Inceptisol, 
is to manage the leucaena hedgerows to maxim- ICRISAT Center, rainy seasons 1984-86. 
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ize fodder production during the dry season 
when fodder shortage is acute, and to minimize 
the reduction in ciop yield during the rainy sea-
son. Narrow hedgerows (<4 m) are not satisfac-
tory for crop growth during the rainy season but 
fodder production during the dry season is 
dependent on both spacing and cropping intcn-
sity. At the highest cropping intensities, fodder 
production ranged from 3.5 to 4.5 t ha-' but 
production remained relatively constant at 6.5-
7.5 t ha -', below a cropping intensity of 60%. 
Despite three cuts, fodder production during the 
rainy season greatly exceeded production in the 
dry season. The greater production in the rainy 
season is probably due to the more humid envir-
onment because the hedgerows intercepted sir-
ilar amounts of radiation in both periods. These 

initial analyses suggest: I. that competition for 
resources between crops and leucaenaduring the 
rainy season could be reduced further by wider 
hedgerow spacings or by more frequent defolia
tionc, iid 2. that long-duration crops like 
pigeonpea are unsuitable for growing in close 
proximity to leucaena (Fig. 25). 

Operational Scale Research 

An operations trial at ISC combined several 
promising components of research which have 
emerged over the past 4 years. They can be 
summarized as follows: 
* 	 Application of limited quantities of P (30 kg 

P,05 ha-1) was economical (ICRISAT 

Figure 25. A two-way systematic design to examine the effect of leucaena tree spacings, and the effect 
of cropping intensity on the productivity of an agroforestry system. Note that the growth of pigeonpea
is severely affected by competition from leucaena, ICRISAT Center, rainy season 1986. 
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Annual Report, 1985, p. 305) and increased Table 28. Tillage and rotation combinations 
yields by 2-3 fold. under evaluation in operational scale research, 

* 	 An improved variety of pearl millet, 1CMV 5 ISC, Sador , Niger, 1986-1988. 
(ITMV 8001), recommended for release to 
farmers in Niger, gave increased and stable Treatment combination Sole/intercrop 
yields in multilocational testing. Cot..inuous 

" 	 TVX 3236, an early maturing semi-erect type Tillage crop/rotation 1986 1987 1988 
of cowpea, consistently outyielded other cul
tivars in the IITA/ICRISAT cowpea By hand' Continuous M,C2 M/C M/C 
progratm. By hand Continuous M M M 

* 	 Ridging and sowing on ridges, gave better By hand Rotation I M C M 

plant establishment in pearl millet and survi- By hand Rotation 2 C M C 
M/Cval later in the season (ICRISAT Annual h Rottio NIC C

By hand Rotation I MiC C M/C 
Report 1985, p 268). 13 hand Rotation 2 C M/C C 

" Use of animal traction for ridging and weed
ing results in a significant reduction in labor Animal Continuous M M M
 
rcqui:'enent (ICR ISAT Annual Report 1985, Animal Rotation 2 C M C
 
p. 273). Aii,, Continuous MC M/C M/C 

These components have been systematically Animal Rotation I MNC C C 
combined over tile period 1986 to 1988 in order Animal Rotation 2 C M C C 
to evaluate relative advantages of one or"moreconihinations. To evalat e the resid ual effectoif raditional treatment With local cultivars of pearl milletand cowpea and no fertiliier use. All other treatment a legume on pearl millet sown the following year, curnbinations receive fertilizer at 30 kg 11:O, ha-L 
tie rotation of sole crops or intercrops was also 2M = Pearl millet, (= Cowpea, and %IC = Pearl millet! 
included. There were 13 different treatment cowpea lnterctop. 
combinations (Table 28). In the traditional treat- 3. Animal traction lot ridging and weeding. 

nent, local cultivars of pearl millet (Sador 
Local) and cowpea (Local Sador) were grown 
with only hand cultivation and no fertilizer was hay yields but resulted in a significant increase of 
applied. Pearl millet was sown with tile first rains sole-cropped cowpea grain yield. 
of the season and cowpea was sown 3 weeks 
later. File experinental design is a completely 
randomized block design with S replications, the 
area of the individual plots being 500 m-. In tile Evaluation of Management 
traditional treatnient, the spacing for pearl 
millet was 1.5 x 1.0 m. while in other treatments, Chemical Pest Control 
a spacing of 1.5 - 0.7 tn has been adopted. In the 
intcrcrop, traditional forage cowpea (Local Adoption by Pigeonpea Growers in India 
Sador) was spaced 1.0 - 2.0 tn while sole cow
pea (TVX 3236) was spaced 0.75 x 0.2 m. Ad the Our surveys of large pigeonpea tracts in the 
inputs including labor times were monitored Indian SAT indicated that insecticides are used 
throughout the season, by less than 10% of growers (ICRISAT Annual 

The 1986 rainy season was the first year of this Report 1982, p. 141). Chemical pest control, in 
trial, and our results to date indicate that there particular control of the pod borer Heliothis 
was a significant effect of ridging (with atinmal armigera, will however, remain a crucial ele
traction) on grain and straw yields of sole and tment in any pest management strategy for 
intercropped pearl millet. Ridging had no signif- pigeonpea until cultivars with substantial levels 
icant effect on intercropped cowpea grain and of resistance are forthcoming. Until then, 
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research aimed at reducing pest losses in farmers' 
fields has to be concerned with reducing the costs 
of chemical control. As a result of such research, 
we identified low-volume (LV) sprayers and 
action thresholds, based on egg or larvae counts, 
as components potentially suitable for small 
farmers. We introduced these components in 
Farhatabad, one of our on-farm research loca-
tions in India (ICRISAT Annual Report 1985, 
p. 299). The village is characteristic of one area 
where pigeonpea is mainly grown as a sole crop 
on nonirrigated medium to deep black soils. We 
returned to Farhatabad in 1985 and, with the 
assistance of the Karnataka State l)epartment of 
Agriculture, surveyed pigeonpea growers' per-
ceptions and adoption of pesticides, spraying 
implements, and action thresholds, 

The questionnaire survey covered a sample of 
77 farmers randomly drawn from three strata of 
landowners in the village. The sample was biased 
towards farmers who owned most land so that a 
larger proportion of respondents could be 
expected to have experience in the use of rela-
tively expensive spraying implements. Although 
growing pigeonpea and pcsticide use by farmers 
were not preconditions for inclusion in the sam
ple, all respondents had experience with pesti
elide use in pilmeonpea. 

Perceived ',osses. Farmers estimate that seed 
losses due to H. armigeraare about 20% of the 
potential pigeonpea yield in years of averageir. "station, even when the crop is treated with 
pesticides. Without treatment, the loss is believed 
to be about 50C. At a polential yield in farmers' 
fields of I t ha-[ the value of seed loss in years of 
average infestation and when H. arm ,erais not 
controlled amounts to nearly Rs 2000 ha-'. This 
loss is, on average, reduced to Rs 760 ha-' with 
chemical control, providing a private gross 
bkne:t of about Rs 1200 ha - I . 

Adoption of Pesticide Application Techniques 

The technological options available to farmers 

at Farhatabad were: 

0 dusting by hand or with a duster; 


0 high-volume (HV) spraying with a backpack 
sprayer or with a sprayer mounted on a 
bullock cart; and 

0 low-volume (LV) spraying with a hand-held 
sprayer or with a battery of three sprayers 
mounted on a Tropicultor. 
Adoption of dusting began in 1967 and HV 

spraying in 1968. Diffusion of these techniques 
was slow for the first 6 years but at the time the 
survey was conducted adoption was nearly com
plete for dusting and HV spraying (Fig. 26). 
Contrary to our expectations, many farmers did 
not follow a sequence of adoption steps from 
dusting to backpack sprayers and then to spray
ers mounted on a bullock cart. All respondents 
immediately used sprayers mounted on a bul
lock cart when they adopted spraying, and about 
one in eight respondents used sprayers when 
they adopted insecticides. Furthermore, spray
ing and dusting are often combined on the farms. 
Two-thirds of the farmers who sprayed their 
crops with HV sprayers also used dusts. 

Adoption of hand-held IV sprayers is rapid. 
In 1982 only two farmers had used them. In the 
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Figure 26. Diffusion paths for dusting and HV 
spraying, Farhatabad, India, 1967-86. 



Resource Management 313 

following year 36 farmers adopted LV spraying 
and adoption has further advanced since the 
survey was carried out. Farmers from the village 
reckoned that more than 100 LV sprayers had 
been in use during the 1985/ 86 growing season, 

Farmers' acquaintance with IV spraying from 
a Tropicultor was limited. Only one unit was 
available in the village, two respondents had 
used this technique, and only eight respondents 
had seen, but not used it. 

Perceptions and Elements of Costs 

Respondents perceived 1-V spraying from a bul-
lock cart to be easy work and to provide good 
crop protection. However, many respondents 
were concerned about damage to crops caused 
by the bullock cart and about the health hazards 
of spray to laborers and bullocks. 

All 38 respondents who had used LV sprayers 
agreed that IN:;sraying is lightcr work than HV 
spraying, that it is more effective, and that it 
requires less time. I-Iowever. nearly 90,'i of these 
farmers also regarded INV spraying as more 
hazardous and impossible in windy weather. I.V 
sprayers were perceived as more prone to fail 
than HV spravyers bu, .hey were also believed to 
be easier to repair. Most lV spray users reported 
no difficulties in preparing the concentrated 
spray solution. 

The investment of Rs 800-1000 for a HV 
sprayer and Rs 500-600 for a LV sprayer is not 
too high to prevent widespread ownership on 
farms of more than 4 ha of owned land. Farms of 
more than 4 but less than 10 ha, on average, 
owned three sprayer units per four farms, and 
large farms with more than 10 ha owned on 
average 1.6 units per farm. However, only one 
out of four farms with less than 4 ha land owned 
either a IV or a LV sprayer. Farmers who do 
not own spraying equipment can rent it in the 
village at Rs 10 day-' for a H V sprayer, or Rs 26 
day-' for a hand-held LV sprayer, and the owner 
of the Tropicultor would be willing to let his 
Tropicultor, fitted with three LV units, for about 
Rs 70 day -'. There was no indication that daily 
wages for pesticide application are higher than 
wages for less hazardous agricultural opera
tions, or that wages are differentiated according 
to the technique of pestcide application. 

Saving of total labor time and larger area 
sprayed per unit of time are major advantages of 
IN over HV sprayers. On average, farmers 

-require about 6 h1ha I to treat sole-cropped 
pigeonpea with a H V sprayer but only 4.4 h ha-I 
when a IV sprayer is used. Since HV spraying 
requires at least three people, its total labor 
requirements exceed 2 eman-days ha ,whereas-'

only half a man-day is required for spraying with 
a hand-held IV sprayer. LV spraying with a 
Tropicultor requires slightly more than I h ha-I 
(Table 29). 

Table 29. Time requirement (ihu- 1)for pesficide application by different techniques, Farhatabad, 
India, 1984/85. 

Application technique 
Number of 
respondents Mean SE(±) 

Spraying with HVsprayer rnrouInted on bullock cart 
Sole-cropped pigeoripca 
Iinercropp:d pigeorpea 

70 
66 

6.1 
5.7 

0.13 
0.16 

Harnd-spiaying with IIV sprayer 
Sole-cropped pigemipca 
Intercropped pigeoripea 

38 
33 

4.4 
4.1 

0.23 
0.22 

IV sprayer niounted on Tropicultor 10 1.2 0.00 
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Safety 

Respondents took only rudimentary precat,-
tions to protect their health. Most washed their 
hands or bathed afterspraying, but very few tied 
a piece of cloth aroud nose ai.d mouth when 
spiaying. Spraying in the wind direction, as par-
tcularly recommended when lV sprayers are 
used, was rarely practised. Gloves, goggles, and 
face-masks had not been available to the major-
ity of farmers. However, recent reports indicate 
that face-masks have become available in local 
shops. A local doctor, who is a farmer himself,
believed that there were about 70 cases ofmono-
crotophos poisoning in the village during the 
1984/85 growing season. Most of the victims 
were believed to be inexperienced farmers who 
used LV sprayers for the first time. 

Adoption of Thresholds 

Econofnic thresholds. introduced with I.V 
sprayers, have not been adopted as rapidly as IV 
sprayers. More than 60% of the respondents
exclusively followed a fixed treatment routine 
after their pigeonpea crops flowered. Farmers 
who used tiresholds combined this decision-rule 
with conventional treat men t routines. Further-

more, most adopters used threshold levels that 
were considerably higher than the recommended ones. Wc do not yet know the reasons for this. 
We suspect that ,es,-loss relations and spray
efficacy in farmers' fields and on research sta
tions deviate considerably and can contribute 
much to explain the discrepancy between the 
thresholds recommended and applied.

Material inputs, like pesticides and sprayers, 
can tS ually be used by unskilled and untrained 
personnel. Intellectual inputs, like thresholds, in 
contrast, require investment in information and 
knowledge. Compared to routine spraying sched
uIles, thresholds based on insect counts require 
regular field visits and monitoring of the pest
populations. The need to visit fields cannot, 
however, explain the low aggregate rate ofadop
tion of thresholds by the sample farmers because 

I,.Ilfarmers claimed to visit their pigeonpea fields 
at least every second da'. 

To quaritify the effect of knowledge and train
ing on thresholds, wc performed a probit analysis with threshold adoption as the dependent
variable and years of schooling as a proxy for 
knowledge and training as regressor. Schooling
was expressed onewith two durnmy variables, 
for school attendance of up to 4 years, and 
another attendance for more than 4 years. We 
expected attendance for more than 4 years to 

Table 30. Probit anilysis of adoption of thresholds for controlling Heliothis armigera in pigeonpea by76 respondents from Farhatabad, Karnataka, India, 1985. 

Variable 

Constant 
Sole-cropped pigeonpea area as % of total owned area 
Average perceived loss in treated pigeonpea
Use of LV sprayers (= 0 if not used) 
Male family labor ha-' cultivated area 
School attendance up to 4 years
School attendance 5 or more years 

Likelihood ratio test, with 6 degrees of freedom (DF)
Probability of threshold adoption by all sampled farmers 
Probability of threshold adoption for farmers with 

Estimates 

Asymptotic
Mean Coefficient t-ratio 

-2.23* -2.50 
40.9 -0.006 -1.05 
22.1 0.072* 2.11 
0.49 0.440 1.34 
0.47 -0.500* -2.50 
0.20 0.570 1.23 
0.50 0.910* 2.19 

13.4 
0.37 

more than 4 years of schooling 0.50 



have a significant effect on threshold adoption. 
In the regression analysis, we controlled the 
effects on threshold adoption of the proportion 
of pigeonpea area in total operated area, the 
perceived average pest loss when the crop is 
treated, use or non-use of LV sprayers, man-land 
ratio (measured as male family labor ha-'), and 
farmers'experience with pesticide use (measured 
in number of' years since pesticide adoption). 
The regression analysis (Table 30) showed that 
only the effects of family labor availability and 
the dummy variable for more than 4 years of 
schooling are statistically significant. The analy-
sis indicates a threshold adoption probability of 
P= 0.37 for the whole sample but an adoption 
probability of P = 0.50 for farmers who had 
attended school for more than 4 years. Thus, 
early adoption of thresholds can be expected to 
be substantial only where farmers have had con-
siderable formal training, 

In summary, pesticide use in pigeonpea has 
spread quickly in an area where this crop is 
grown as a remtunerative sole crop. The use of 
modern labor-saving spraying implements is 
also quiicklv adopted, even by farmers who do 
not own such implements. During the early 
phase of adoption, when farmers are inexpe-
rienced in the use of potentially hazardous 
sprayers, safety considcrations require close 
attention by agencies promloting the usc of such 
implements. Thresholds, a knowledge-and
information intensive component of pest man-
agement, may be too difficult to be quickly 
adopted by poorly trained and often illiterate 
small farmers. 

Insect Control 

On dryland crops, particularly pigeonpea, the 
use of dust to control insects is still a common 
practice, largely because dusting does not 
require water or a complicated appliance. Corn-
monly dust in a thin cloth bag is dabbed on 
plants along the crop rows, or a duster-- readily 
available in the market is used. We have devel-
oped a wheeled tool carrier (WTC)-mounted 
duster, like the bullock-drawn WTC-mounted 
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LV and ULV sprayers (ICRISAT Annual 
Report 1984, pp. 273 and 292). 

In 1985/86, using these developments we 
compared dusting with spraying for the control of 
insects in intercropped pigeonpea at ICRISAT 
Center. Endosulfan (35% EC) was used at 2 L 
ha-' for spraying, and 4% dust at 25 kg ha-' for 
dusting when 10 eggs and/or 3 small larvae of 
Heliothis armigera were recorded plant-'. Two 
applications were required for optimal pest con
trol. There were no significant differences 
between spraying and dusting. One of thelmajor 
hazards of dusting is that it poses a higher risk of 
inhaling toxic chemicals to the operator. 

J his year we compared the WTC/ULV sys
tern in farmers' fields at Chevelia with a farmer's 
traditional HV sprayer mounted on a bullock 
cart. One ULV application reduced the pod 
d amage to 23.5% as against 31.5% for two H V 
applications. A saving of Rs 250 ha-' was 
recorded with ULV over HtV application. 

In the 3 years of pest /parasitoid monitoring in 
sole and intercropped stands of groundnut and 
pigeonpea on Alfisols under nonsprayed condi
tions, no significant differences were recorded in 
the incidence of insects between sole and inter
crops of either compoent (Table 31). 

Use of Nitrogenous Fertilizer 

in ajoint research project with the IFDC, we are 
examining farm-level censtraints on the use of 
nitrogenous fertilizer on nonirrigated sorghum. 
One important sorghum cropping system in 
India in which fertilizer use is negligible is 
postrainy-season production (September 
through February) in undependable rainfall 
areas. (ICRISAT agroclimatologists have desig
nated as "undependable" those areas generally 
Unsuitable for rainy-season cropping due to the 
erratic distribution of rainfall.) In 1984/85, fcr
tilizer trials were conducted on farms in Shir
apur village, Sholapur District, a major area for 
growing sorghum in the postrainy season. In 
each of six fields, we laid out replicated dosage 
trials. Basal urea was applied in doses ranging 
from 5 to 50 kg N ha-'. The trials were managed 
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Table 31. Average pest incidence/damage and yields in sole and intercropped groundnut and pigeon
pea grown on Alfisols, ICRISAT Center, 1983-86. 

Plants (%) with: 

Cropping Leaf 
system Thrips Jassids miner 

Groundnut 
Sole 37 27 23 
Intercrop 34 28 25 

SE ±0.7 ±0.1 ±1.2 

by farmers and none of their practices other than 
fertilizer application were altered. 

No significant response to nitrogen was evi-
dent. Follow-up farlner interviews and a re%iew 
of on-station experiments led to the identifica-
tion of sowing date as the Key variable in fertil-
izer response. In the traditional cropping systemn, 
sowing begins as soon as the monsoon rains have 
ended, and the crop relies primarily on moisture 
stored in tile deep black soils. Under this reced-
ing soil moisture regime, response to fertilizer is 
negligible in most years, discouraging use iII all 
years. On-station experiments have shown that 
when the sowing date isadvanced to take advan-
tage of the last nmonth of the monsoon rains, 
response to nitrogenous fertilizer is greater and 
more reliable over the years. Nevertheless, 
waterlogging is a serious obstacle to advancing 
the sowing date. Moreover, the incidence and 
severity of pest attacks increase. The costs and 
risks vhich accompany the advanced sowing 
date outweigh the possible benefits, 

Collaborative Projects with 
National Programs 

West Africa 

In the area of resource characterization, the 
agroclimatology program at ISC has established 
links with the National Meteorological Services 
of Niger, Mali, Burkina Faso, and Senegal ,a 

Pod damage (%) Yield (kg ha- ) 

Borer Podfly 
Total 
insects Groundnut Pigeonpea 

Pigeonpea 

19.0 
22.1 

18.6 
21.9 

39.0 
49.3 

501 
342 

937 
558 

±1.7 ±4.0 ±4.2 ±50 ±73 

climatologically analyze h:'storical rainfall data. 
An information bulletin on "Agrometeorology 
of Burkina Faso" has been prepared in coopera
tion with the Burkina Faso Meteorological Ser
vices and will soon be available in English and 
French. The soil fertility progratn conducts 
cooperative studies in villages with the Labora
tory of Soils, Institut national de rccherche agro
nomiqtUe dU Niger (INRAN) and withInstitut 
burkinab de la recherche agrononique et zoo
techniqu,e (IBRAZ) in Burkina Faso. The IITA 
cowpea program at ISC has conducted twojoint 
trials with INRAN. One trial tested cowpea
entries from ISC and the national program as 
sole crops at five locations inNiger whose 
annual rainfall ranged from 300 to 800 am. The 
second trial was an evaluation of three contrast
ing cowpea and pearl millet cultivars at three 
locations. We also have cooperative linkages 
with the Seni-Arid Food Grain Research and 
Development (SAFGRAI)) in Burkina Faso. 
and with the national programs of Mali and 
Senegal. 

In cooperation with Centre de coop ration 
internationale en recherche agronomique pourlIad veloppement (CIRAD)/Institut de re
chierches agronotnique; tropicals et des cu!tures 
vivri&es (IRAT) we have established a project,
along with the Centre r-gional de formation et 
d'application en agromrt{orologie et hydrologic
uparationnelle (AGRHYMFT) inNiamey, on 
water balance and cultivar adaptation of ground
nut and other crops in West Africa. In the preli
minary phase of this project, which started in 



November 1986, an already tested and validated 
water-balance model BIP 4, was implemented 
on the AGRHYMET computer system and on 
the Rainbow microcomputer. This model will be 
used to simulate water balance for several loca- 
tions in West Africa to understand groundnut 
cultivar adaptation. 

Dryland Watershed Projects 

In 1986, joint Indian Council of Agricultural 
Research (ICAR)/ ICRISAT projects began on 
two experimental watersheds with contrasting 
soil types. NMlitteinari in the Kolar district of 
Karnataka has Alfisols and a mean annual rain-
fall of 690 min. Chevella in the Medak district of 
Andhra Pradesh has primarily Vertic soils and 
870 mm annual rainfall. 

On the Mittimarri watershed, where we col-
laborate with stafl based at the University of 
Agricultural Sciences, Bangalore, groundnut/ 
pigeonpea intercrops were grown to study 
responses to land management and primary til-
lage practices. Ten local farmers cooperated in 
these trials, that showed that improved man-
agement significantly incrcaseu yields coipared 
with local practice but that differeices betweena 
the treatments were hard to distinguish, po:ssibly 
because the season was extremely dry. A census 
provided a record of household resources and 
farming practices as a basis for a rapid appraisal 

f t"he respon:--,'o new technology. 
On the Chevella catchinent area where we col-

laborate with Central Research Institute for 
Dryland Agriculture (CRIDA) staff based in 
Hvderabad, a land management trial was con
plemented by a pest-control survey and by a 
comparison of different types of machines for 
seed and fertilizer distribution. The time needed 
to sow I ha was similar for ICRISAT and 
CRIDA planters and was abotit halfthetime for 
a traditional planter. The ICRISAT planter 
required more draft than the CRIDA machine 
but needed less labor. In terms of yield, there 
were no clear-cW,differences between mechani-
cal and hand-metered machines, again, possibly 
because water was the limiting factor in this 
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season. The economic survey at Chevella drew 
attention to the decline in the area under pearl 
millet attributable to the prevalence of ergot dis
ease, and to a number of areas appropriate for 
further adoptive research including fertilizer 
recommendations for intercrops, the introduc
tion of drought-resistant cultivars, and irnprov
ing th- cost-effectiveness of seed fertilizer drills. 

Multilocational Groundnut 
Modelling Experiments 

This year we have started multilocational field 
experiments on ground nut in collaboration with 
the national programs in India and Thailand. 
The objectives of these experiments are; to col
lect data to validate the groundnut growth 
model, PN UTGl1.O, developed at the University 
of Florida, Gainesville, and to identify areas 
where furt her field research is needed to impove 
this model. In addition to ICRISAT ('enter, the 
experiments arc being conducted at the follow
ing institutes in India: Haryana Agicultural Uni
vesitv (IIisar), Gujarat Agricultural University 
(Anand), Tamil Nadu AgricuIltural University 
(Coimbatore and B3havanisagar), Punjab Agri
cultural University (ludhiana), Marathwada 
Agricultural IJniversity (Parbhani), Andhra 
Pradesh Agricultural University (Rajcndra
nagar and Anantapur), and at Klion Kaen in 
Thailand by Khon Kaen University scientists. 
NI nnimil data sets on crop, soil, weather and 
management are being collected at each location. 

Workshops, Conferences,
and Seminars 

International Symposium on 
Agroineteorology and Plant Protection 
in the Semi-Arid Zones 

In cooperation with World Meteorological 
Organization (WMO), we organiied an Interna
tional Symposium on Agrometeorology and 
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Plant Protection in tile Semi-Arid Zones from 
8-12 December at Niamey. Trhis meeting was 
cosponsored by the Food and Agriculture 
Organization of the United Nations (FAO), Uni-
ted Nations e)velopment Programnme(UNI)P), 
United Nations Environmental Programme
(UNEP), Organization for African Unity(OAU) 
and the Technical Centre for Agricutural and 
Rural Co-operation (CTA). Sixty-six scientists; 
from 22 countries in Africa, Asia. and Furope 
participated. At the symposium, the participants 
reviewed the major insect pests and diseases of 
crops in the semi-arid ,'ones, the influenec of 
climatic factors on theli dynamics, and modcling 
their decvelopmcnt. Niethods of forecasting tile 
critical periods of insect and disease incidence 
were discussed. A procediure proposed forwas 

/onation 
of climates in terms of their potential 
for disease development. The utilization of' real-
time agroineteorological information and 
modeling procedures for plant protection was 
described. At a round-table discussion on the 
final day, the participants reviewed the practical 
applic;Itions of tile presentations miiade duriing
tle course of tlie symposiui and developed a set 
of recommendations for the application of agro-
meterological information for plant protectioni
by the national programs in the semi-arid zones. 
Proceedings of the synmpos tiu will be published 
jointly by WN(), IR ISA , and OAU. 

Looking Ahead 
In terms ofstructure an( direction, the Resource 
Management Piograii has several major objec-
tives for 1987. ihe natural termination of many 
individual projects will provide an opportunity 
to consolidate research into a number of major 
thenies. These themes will link disciplines withir 
the Prograii even closely than atmnor present
and will also strengthen collaboration with 
scientists in tile Crop Programs. Particular 
emphasis \Vill be placed on designing experi-
merits which seek to explain responses to 
imposed treatments in terms of mechanisms 
instead of simply describing them in statistical 
terms. Without such understanding, generaliza-

tions remain vague and little ceedence can be 
given to predictions from models. 

The Program will become increasingly com
nitted to research on the management of Verti

sols in Ethiopia in collaboration with national 
scientists there and with several international 
organizations. The ofemphasis agroclimatic 
analysis will also shift to Africa. The agi oeeolog
ical potential of th ICRISATI mandate areas in 
Malawi, Botswana, Zinibabwe, and Ethiopia 
will be Studied to refine our research focus in 
crop improvement and resource iaar gement. 
At ISC, agroclinmatic analysis in the Sudano-
S ahelian Zone will concentrate on relations 
between the onset of rains and the length of the 
gI owing season which are centr.i to cropping 
strategies and farming. ofresponse Analysis 
climatic records for Indian stations will emphas
i/c the identificatitn of isocliies for the transfer 
of technology from one region to another. 

The aim of new work on soil physical proper
ties will be to dcvlop a better quantitative 
undle rstaiding of tile key processes of water 
cntry, soil erosion, seedlimm emergence, and the 
pertformance of root systens. Ani associated aim 
will be the evaluation oftlie potential of different 
minagement practices to modify significant
physical properties. For tie study of rain
related processes, increasing use will be made of' 
simulated rain to provide a range of conditions 
over a short time-span. New techniq uCs Will haveto be developed to characterize seedbeds amid 
subsoils. 

Field tests at ISC will examine the scope for 
seq uential or relay cropping and for supplemen
tam y irrigation. The advantages of ridging will be
 
investigated in greater detail in 
 collaboration 
with the University of Wageningen and work 0n 
the relation between rainfall pattern, land prepar
ation, and sowing will assess lie relative merits 
of early tillage and delayed sowing. 

Collaborative research on rice-based cropping 
systens with ICAR and the International Rice 
Research Institute( IRRI) will explore the feasi
bility of introducing our early genotypes of 
groundiut, pigeonpea, chickpea, and sorghum 
into rice fallows that do not have sufficient mois
ture for another wetland rice crop. A major 



objective is to identify genotypes and manage-
ment strategies which would maximize the use of 
residual moisture following a rainy-season rice 
crop. 

An assessment by the Agronomy and Eco
nomics Groups on prospects for agroforestry in 
the SAT will be completed in 1987 and will 
provide a basis for decisions about the future 
direction of agroforestry research at ICRISAT 
Center and at ISC where priority will be given to 
screening germplasn accessions of trees and 
shrubs and studying competition between trees 
and crop stands. 


The integration of animals in traditional farm-
ing systems, important throughout the SAT, will 
receive new attention from the International 
Livestock Center for Africa(IILCA)/ICRISAT 
program in the Sahel. The ISC contribution will 
include the selection of forage legumes suitable 

for intercropping. 
The Economics Group will complete several 

studies including a benchmark appraisal of soil 
fertility in the study villages. At the end of early 

a 

acceptance studies of the Vertisol technoloy 
and a late-adoption study of cereal hybrids, the 
focus of technology transfer studies will be 
shifted towards the transfer of promising short
duration pigeonpea cropping systems. The joint 
investigation will continue with economists of 
Jawaharlal Nehru Krishi Vishwa Vidyalaya 
(JNKVV) University to assess the rapid expan-
sion of the soybean area in Madhya Pradesh, 
India. The whole-farm models for technology 
assessment will be fully documented and sinaler 
models, less versatile but easier to use, will ov. 
built to run on tnicrocomputers. 

The economists will continue to collaborate 
with entomok,gists and pathologists on pest 
management strategies suitable for SAT coun-
tries and farmers. The focus of economic 
research on resource management will be shifted 
towards institutional constraints on ground-
water use by resource-poor farmers, 

A book putting together the results of the 
ICRISAT village studies initiated in 1975, plac-
ing them in thematic perspective, and drawing 
implications for economic development in 
India's SAT will be completed. 
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The individualized training programs at ICRI-
SAT Center were coordinated by the Training 
Officers who report to the Deputy Director 
General. The Training Advisory Committee that 
includes the Deputy Director General, Program 
Directors, and Leaders selected Postdoctoral 
Fellows (formerly International Interns and Re-
search Fellows), In-service Fellows, Research 
Scholars (MSc and Plll)), In-service Trainees, 
and Apprentices from candidates nominated by 
national Ministries of Agriculture, Universities, 
or SAT research and development programs. 
One hundred and eighty one participants repre-
senting 44 countries received 4490 weeks of train-
ing at ICRISAT Center (Tables I and 2). In 
addition, more than 23 individuals from 9 coun-
tries were guided in university-related individual 
study programs by ICRISAT staff located in 
Niger and Mali. 

At ISC, a technician from the Projet foria-
tion de la protection des vegetaux of the Comit 
inter{tats de lutte contre la sbcheresse dans le 
Sahel (CILSS), Institut du Sahel (INSAH), and 
The Netherlands, was trained for4 months in the 
evaluation of varietal resistance of pearl millet to 
Striga hermonthica. A student from l'institut 
pratique de dbveloppement rurale(IPDR), Niger, 
studied seedling establishment under drought 
stress in pearl millet. Two students from the 
University of Niamey did their project work on 

root development and growth analysis of a set of 
pearl millet genotypes during the cropping sea
son. In the Resource Management Program, five 
students worked on water use, growth, and yield 
of pearl millet under normal and assured rain
fall; phenology, growth and yield of early 
groundnut cultivars; water use, transpiration, 
growth and yield of four cowpea cultivars; and 
fertilizer use. One student from IPDR, Niger, 
studied the uniformity of sprinkler irrigation 
and soil characteristics with the aid of a rainfall 
simulator. Another student studied forage 
legumes associated with pearl millet in collabora
tion with the University of Louvain, Belgium. 

At the USAID/ICRISAT Mali program dur
ing 1986, a technician was trained in recombin
ing groups of sorghum lines to develop varieties. 
ICRISATscientists supervised the field projects 
of eight undergraduate students from the agri
cultural college of Katibougou. They worked on 
various aspects of productivity in intercropping 
systems using sorghun/groundnut, maize/pearl 
millet, and pearl millet/cowpea; the effect of 
density and N-fertility on the productivity of 
varieties of sorghum and pearl millet; improving 
sorghum populations; the jignificance of tiller
ing in cereal breeding programs; and the vitre
osity of sorghum grain. Two Malian students 
pursuing their M.S. degrees in USA on IUSAID 
fellowships returned to Mali for their thesis 

Table 1. Participants in longterm training programs, ICRISAT Center, 1986. 

Category 

Postdoctoral Fellows 
In-service Fellows 
Research Scholars 
In-service Trainees 
Apprentices 

Total present 

I. Number continuing into 1987. 
2. Different countries. 

Number Weeks Countries 

9+ 61 526 5 
26+ 4 211 15 
14+17 1076 12 
92+ 8 2559 35 

4+ I 118 3 

145+36 4490 442 
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Table 2. Participants by region, country, and category in training, ICRISAT Center, 1986.
 
Region/Country 

Western Africa
 
Benin 

Burkina Faso 

Cameroon 

Chad 

Ghana 

Guinea 

Mali 

Mauritania 

Niger 

Nigeria 

Senegal 

Sierra Leone 
The Gambia 

Eastern Africa
 
Ethiopia 

Kenya 

Somalia 

Sudan 

Uganda 


Southern Africa
 
Botswana 

Malawi 

Mozambique 

Swaziland 

Tanzania 

Zambia 

Asia
 
Fiji 

India 

Indonesia 

Nepal 

Pakistan 

People's Democratic Republic of Yemen 
People's Republic of China 
South Korea 
Sri Lanka 

Thailand 

The Philippines 


Mesoamerica 
Antigua 
Barbados 

Mexico 

Others 
Federal Republic of Germany 

Italy 

The Netherlands 

UK 

Australia 

USA 


Total 

IS, 

2 
2 
I 

1 
2 
7 
1 
4 
6 
8 
I 
4 

5 
1 


4 
5 

2 

1 
4 
1 

3 
1 

I 
1 
I 
3+1 

0+5 
I 
5 

2 
5 
1+2 

1 
I 
3 

I 

92+8 


ISF RSc PDF App Total 

2 
2 
I 

0+12 0+1 
I 2 

2 
1 1 9 

1 
4 

1 7 
8 
I 
4 

I 0+2 6+2 
0+2 1+2 
3+1 7+1 

1+1 6+1 
2 

1 2 
1 5 

0+1 1+1 
I I 

3 
1 2 

I 
13 4+5 4+2 23+7 

1 
3+1 
0+5 
I 

0+1 
0+1 

5+1 
0+1 

1 3 
2 7 
1+1 2+3 

I 
I 

3 

3+2 3+2 
I 

0+2 2 2+2 
1+1 1+1 1+1 3+3 

0+1 1+1 I 2+2 
1 3+1 4+1 

26+4 14+17 9+6 4+1 145+36 
1. IS =In-service trainees, ISF= In-service fellows, RSc =Research Scholars, PDF= Postdoctoral fellows, App =Apprentices.
2. Number continuing into 1987. 
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research at Cinzana station where they worked harvested, analyzed results, and wrote reports 
on soil aluminium toxicity; and the adoption for their 188 experiments, yield trials, or dem
and impact of improved cowpea varieties. Three onstrations (Table 3). In addition, participants 
Malian students returned to Mali after obtaining 
their degrees on USAID fellowships and joined , 
the Malian National Program. Two more stu- + 
dents are presently studying sorghun grain qual
ity and adoption of improved cultivars at univer
sities in USA on USAID fellowships. 'I 

In-service Training Activities 

Before beginning their 6-month individualized 
programs in May, 32 of the 83 rainy-season in
service trainees from Francophone countries 
participated in an intensive 8-week English course 
at Osmania U niversitv, Hvderabad. 

The rainy-season group was subdivided on the 
basis of pretraining evaluations and application 
information to facilitate the guidance of the par- i: 

, 

ticipants in their specialized areas of interest. , '
 

Twenty participants worked on cereals, 14 on .. .
 
legumes, 24 on crop production, and 25 on Figure 1.An in-service trainee weighing sorghum
 
aspects of resource management. Each partici- fodder in ant experimental plot, ICRISAT Cen
pant identified, designed, sowed, supervized, ter, 1986.
 

Table 3. Experiments, trials, and demonstrations planned and conducted by rainy-season in-service 
trainees, ICRISAT ('enter, 1986. 

Experiment or Crops 

trial involving Sorghuni Pearl milleti roindniu Pigeonipea Others Total 
Varieties 23 12 16 7 58 
Fertilizers 9 5 5 I I 21 
Weed control 5 3 8 
Plant density 6 3 6 I 16 
Sowing dates 3 I 4 
Sowing methods I I 
Competition 2 2 
Inoculation 2 2 
Pathology 5 2 5 1 13 
Entonmology 7 1 8 
Intercropping 25 25 
Steps in technology I I 
)emonstrations 2 2 3 I 8 

International trials 13 6 I I 21 

Total 74 33 41 13 27 188 
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Figuire 2. An inl-service trainee fromt China threshing sorglumil P-Miches, I C IMSAT CIenter raijiy Season,
1986. 

were guided by, research scientists ini five experi- Tale 4. E~xperimienits' and trials initiated by'Menits that were a parlt of' ongoing ICR ISAlT postrain V seas on in-service trainees, ICRISA'Iresearch actiities. Center, 1986 
The postrainv season ifl-service programs 

started in Septemnber with eight represenltatives Cr ops
from three countries (Pakistan, Nepal, and The ( ond l'lgcon- Chick-Philippines). Seven participants studied chick- (11 Ina 11111 pea pea IOl 
p ea and p ige on p ea iminp royemnentI anid onec conl- ~ -----

cent rated on groundnut breeding (T[able 4). Vatrict *v 2 3 7 12 
Selected practical f'ield andf laboratory experi- Intedrnatnl \licrin 3 I 

ments were designed f'or trainees who are to) ntrntfoa reing 3 3 
cont inuie working on special ized areas of' resea rchi fredn 
and developmrent In their COtliltries whenl they I tcomplete their studies at 2 (1 14 22ISM . Ninety-t___
research scientists w%,ere involved in this work, Taeight .Expelliin sn pa ol oging iaecarctcrt 
hey presen ted feetres related to their area of prorams,.lll 
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specialization or guided participants in sche- sing, germplasm utilization and conservation, 
duled, individual field or laboratory skill-devel- basic plant breeding, crop production agron
opment experiences. All the participants were omy, cropping systems and their management, 
trained in the presentation of seminars, oral and agricultural economics, and in transfer of tech
written communication, experimental planning nology techniques (Table 5). 
and management, data collection procedures In order to study agricultural research station 
and analysis, and scientific report writing. Tech- activities, university operations, and extension 
nical guidance was given to selected participants services related to the objectives of the in-service 
in soil and climatic evaluations, weather data training programs, the participants made tours 
collection and utilization, experimentai plot and field trips in India during their time at 
layout, soil-testing procedures and evaluation, ICRISAT Center. 
basic agronomy, seed and fertilizer calculations, The agroclimatologists provided special in
sowing and fertilizer application methods, til- struction on the collection and utilization of 
lage operations for experimental plots, weed and meteorological data in planning cropping sys
pest control, disease scoring and screenirg tech- tems for research and development programs in 
niq Lies, crop botany and plant physiology, plant- Mali and Zambia for participants from those 
soil-environment relationships, experimental countries. Trainees from India and Nepal stud
techniques. nursery management, utilization of ied techniques to iden ify, select, and produce 
microcomputers in data handling and proces- inoculants to improve groundnut nodulation. A 

Figure 3. Postrainy-season trainees with ICRISAT training officer observing a sorghum breeding 
experiment, ICRISAT Center, 1986. 

> i) 7 <
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Table 5. Specific in-service training activities guided by program scientists, ICRISAT Center, July-
October, 1986. 

Discipline 

Genetic Resources
 
Sorghum 

Pearl Millet 

Groundnut 


Cereals 
Sorghum 

Physiology 
Pathology 
Striga resistance screening 
Entomology 
Breeding 
Grain quality 

Pearl Millet
 
Pat hology 

Entomology 

Breeding 

Grain quality 


Legumes
 
Chickpea
 

Breeding 


Pigeonpea
 
Pat hology 

Entomology 

Breeding 


Groundnut 
Physiology 

Pat hology 

Virology 

Entomology 

Breeding 

Cytogenetics 


Resource Management 
Agroclimatology 
Cropping systems 
Soil fertility 
Soil physics and conservation 
Land and water management 
Farm power and machinery 
Agricultural economics 

General 
Microbiology 
Plant protection 
Plant quarantine
Experimental statistics 
Microcomputer special uses 
Research station management 
Technology transfer 

Participants and length of study period 
I week 2 weeks 3 weeks 8 weeks 

4
 
2
 
9
 

13 
11 
2
 
4 10
 

13
 
3 

4
 
5 4
 

5
 
2 

I 

3
 
1 10
 

15 

9 
I
 

11
 
I
 

10
 
4
 

4 
14 
16 
7 

19 
9 
I 

5 
25 

I 
15 10 
9 

II 4 
I 
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Figure 4. I-service trainee group at a tea plantation in Ootacanund, Tamil Nadu, India, during their 
study tour, 1986. 

scientist from India conducted research for 6 The first 4-week training program developed 
months on genotype x environment interactions and guided by staff from ICR ISAT Center and 
in pigeonpea improvement. The results from his the SA DCC /ICR ISAT Regional Sorghum and 
guided study will contribute to an international Millet Improvement Program was conducted in 
study of such interactions. A scientist from Bar- April at Matopos, Zimbabwe. Participants from 
bados studied biological control of Heliothis Lesotho (1), Malawi (2), Swaziland (2), Tanza
armigera on pigeonpea. and a scientist from nia (2), and Zambia (2) studied sorghum and 
Antigua participated in a study of methods to millet breeding nursery management, insect aid 
improve pigeonpea breeding and agronomy. A disease identification and screening techniques, 
technologist from the Cooperative Oilseed and experiment station development. 
Growers Federation, Madhva Pradesh, India 
received training in Rhilobium production and 
quality control techniques. In-service Fellowships 

Eight scientists from El Salvador (2), Gua
temala (I), Mexico (3). and Nicaragua (2) were In a week-long intensive program guided by the 
trained in sorghum production and improve- pearl millet pathologists eight pathologists from 
ment by ICRISAT staff based at CIMMYT in national research programs in India studied the 
Mexico. biology and epidemiology of the major pearl 
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Table 6. In-service fellow study program areas with research program scientists. 

Program/ Discipline 

Cereals 
Sorghum
 
Physiology 

Pathology 


Pearl Millet
 
Microbiology 


Legumes
 
Chickpea
 

Pathology 


Pigeonpea
 
Pathology 

Breeding 


Groundnut
 
Pathology 

Virology 

Entomology 

Microbiology 


Breeding 
Cytogenetics 

Resource Management
 
Agronomy
 
Cropping systems 


Engineering
 
Soil fertility 


Research Support 
Farm Development and Operations 
Farm machines and operations 

1. Two participants. 
2. Continuing into 1987. 

Participant countries No. of weeks 

Sudan 5 
The Philippines' 25 

India 4 

India 8 

India 2 
India 23 

People's Republic of China 22 
Thailand' 5 
Sri Lanka 4 
India 7 
Sudan 8 
Malawi 8 
South Korea 9 

Nigeria 15 
Kenya 6 

Ethiopia 12 
Mali 4 

Botswana 4 

Table 7. Total weeks of specialized longterm training programs guided by program scientists, ICRI-
SAT Center, 1986. 

Research scholars 

Research programs MSc PhD Postdoctoral Fellows Apprentices 

Cereals 49 97 236 22 
Legumes 30 342 188 68 
Resource Management 149 366 101 27 
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millet diseases and related screening techniques tions at the Andhra Pradesh Agricultural Uni
for identification of resistances. versity (APAU), India. This work indicated that 

Senior and mid-level scientists from 15 coun- five cycles of recurrent selection were effective in 
tries (Table 6) worked with ICRISAT research increasing grain yields of two populations. The 
program scientists on topics related to their na- recurrent selections for grain yields were primar
tional research activities. 	 ily effective for general combinir:g ability which 

irdicated this trait involved largely additive 
effects. 

Research Scholarships 	 A Phl) student from Iowa State University, 
USA completed his field studies on the effective-

MSc and PhD students (Table 7) conducted the- ness of selection on spaced plants of pearl millet. 
sis research on the following topics: He used direct and indirect selection yield indi

ces based on phenological and morphological 
Cereals Program traits. Preliminary analysis indicated population 

with selection method interactions for the ICRI-
An MSc student from Somalia satisfactoriiy SAT pearl millet composites NFIX, EC, and 
completed his thesis on the effect of recurrent DIC. 
selection on general and specific combining abil- A PhI) student from Haryana Agricultural 
ities of two random-mating sorghum popula- University (HAUl), India completed his thesis 

Figure 5. A research scholar from the USA (left) showing his pearl millet experiment to his Supervisor 
from Iowa State University, ICRISAT Center, 1986. 

.,4 
~ ~- N 4 .1 
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research on pathogenic variability in the smut 
pathogen (Tolyposporiun penicillariae)and the 
inheritance of resistance to smut in pearl millet. 
He was unable to demonstrate pathogenic dif-
ferences among smut isolates ,1i 6 to 8 pearl 
millet cultivars and his data indicated that the 
resistance was dominant. 

Legumes Program 

An Indiaii PhD student from APAU completed 
studies on the identification of physiologic races 
of chickpea wilt (Fusarium oxysporum f.sp 
ciecri). Four races of the fungus were serologi-
cally related, but showed differences in linear 
growth, growth temperature range, and :otal 
sugar content. 

A PhD student from HAU completed labora-
tory studies on the variability in the chickpea 

light pathogen (Ascochvta rabici). A set ofdif-
ferential cultivars was used to identify six dis
tinct races of the blight pathogen present in 
India. Three of the races appear to be the same as 
those described earlier in Syria.

Phi[) students from the University of Bonn, 
Federal Republic of Germany continued their 
studies on the photoperiodic effects on growth 
and yield of groundnut, and root respiration of 
groundnut genotypes as related to nitrogen fixa-
tion and drought resistance, 

Studies on the epidemiology of rust (Puccinia 
arachidis) and late leaf spot (Phaeoisariopsis 
personata) diseases of groundnut are being 
completed by a PhD student from APAU. 

A student in the Australian National Univer-
sity, Canberra began her PhD thesis research on 
the characterisation of biological differences 
between groundnut lines resistant and suscep-
tible to Aspergillus flavus. 

A PhD student from the Indian Institute of 
Technology, Kharagpur commenced his thesis 
research oil genotypic differences in salinity tol-
erance of pigeonpea. lie will screen genotypes 
for tolerance to salinity, investigate genotypic 
mechanisms related to differences in salinity tol-
erance, and study symbioses with rhizobia at 
different salinities. 

An Ethiopian PhD student studied at APAU. 
His thesis research on chickpea involves the rela
tionships among five generations, and the effects 
of spacing and selection in the F4 generation on 
performance in F5. 

An MSc student from Mali completed his the
sis ol heterosis and heritability estimates in 
crosses of virginia and valencia type groundnuts. 
In the study, the heterosis for pod yield ranged 
from 80 to 120% in crosses involving Kadiri 3 
(Robut 33-I) and two stable interspecific deriva
tives (CS 16 and CS 49). In gereral, virginia x 
virginia crosses showed higher heterosis esti
mates than valencia x valencia crosses. 

An MSc student from the University of Nai
robi, Kenya started his thesis research on the 
inheritance of dwarfism in pigeonpea. Another 
MSc student from Kenya initiated studies on the 
effects of photoperiod and temperature on the 
partitioning of dry matter in the vegetative and 
reproductive phases in pigeonpea. 

Resource Management Program 

The effects of shading on dry matter partitioning 
in groundnut were studied by a PhD student 
from the University of Nottingham, UK. The 
data indicated that in the rainy season shading 
did not reduce biomass production or ground
nut pod yields. 

An APAU PhD student continued studies on
 
the effects of methods of urea application on its
 
transformation and utilization in soils.
 

A Phi) student from Iowa State University, 
USA initiated studies on women's participation 
in agricultural production; she is making a cross
cultural, comparative evaluation between SAT 
regions of India and Niger. 

A Ph) stutdent from The Netherlands worked 
on the feasibility for rainfall insurance in the 
Indian SAT. lie conducted studies to determine 
the willingness of farmers to participate in an 
insurance or lottery plan, and to identify the 
farmers' constraints. 

A Cornell University, USA PhD student con
tinued research on late adoption of high-yielding 
varieties and early acceptance of improved tech
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nologies. Preliminary analysis indicated that soil throughout the season. The legume-sorghum 
type and rainfall patterns explain many of the sequencial cropping system gave more gross 
interregional variations in adoption in India. income than the traditional fallow-sorghum se-

An Indian PhD student from the University of quential cropping system. 
New England, Australia, completed field work A comparison of the growth and yield of 
on studies of household economics. Initial results hybrid and local sorghum cultivars on four sow
suggest that the farm profit effect on output ing dates under both rainfed and irrigated condi
price is not so strong for farm households that tions was studied by a Somalian MSc student at 
practice diversified cultivation in the Indian APAU. The data confirmed earlier findings that 
SAT as for more specialized farm households ill yields of both cultivars were reduced by delayed 
the humid tropics. sowing and that irrigation stimulated plant 

A PhD student from the University of Ho- growth which reduced tile incidence of shoot fly 
henheim, Federal Republic of Germany, utilized (Contariniasorghlicola) damage. 
a discrete stockastic programming model of An MScstudent fromnMozambique conducted 
farm production to explore the likely production research for an APA I thesis on the interactions 
response to increased groundwatcr availability, in responses when intercropping groundnut with 

A tll) student from the Technical University maize. The data indicated that sowing date had a 
of )armstadt, Federal Republic of Germany predominant effect on groundnut yields irres
completed field research on hydrological studies pective of the sowing arrangement or popula
in a red soil semi-arid watershed. During this tion. Light utilization studies indicated that both 
work a methodology for monitoring recharge of the growth of the grotund nut canopy and plant 
tank storage water, and a method for reducing population determine the amount of energy 
evaporation losses-- thus augmenting ground- intercepted by the crops. 
water resources have been evolved. 

A British student from the University of Not
tingham, U K initiated her PhD thesis research 
on the comparison of microclimates in a pearl Postdoctora.I '-ellowships 
millet/leucaena intercropping system, and on 
partitioning of light and water use by both spe- International interns and research fellows con
cies. One season's data indicated that physical ducted research within the approved research 
prevention of moisture competition between the proJects of the intitute (Table 7) as follows: 
two crops increased the LER from 1.5 to 1.8. 

A Somalian MSc student at APAU completed 
his thesis research on the evaluation of different Cereals Program 
cropping systems on shallow black soils in the 
Indian SAT. l)espite low pearl millet yields, a A 2-year study on the feeding behavior of the 
pearl millet/ pigeoipea intercrop showed a higher carhead bug (Calocorisangustatus)and its effects 
LER advantage (36%) over the sole crop com- on sorghum grain quality were completed by an 
pared to intercropping systems of groundnut/ Indian research fellow. Results indicated that 
pigeonpea (23%) and sorghum/pigeonpea (14%). the major danage to the grain was due to a 

An APAU MSc student from ihana com- salivary enzyme secreted and not the mechanical 
pleted his thesis research with a study on tie damage by the earhead bog. 
effect of rainy-season legumes on the yields and An Australian international intern began work 
nitrogen response of postrainy-season sorghum. on an examination of the physiological basis for 
Dry matter and N-uptake data suggested that resistance to midseason heat and drought stress 
residual N from the legumes was available to the in sorghum. 
sorghum later in the postrainy season, and that Studies on the genetics of resistance to dowry 
applied N influenced the crop performance mildew (Peronosclerosporasorghi) in sorghum 
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were intiated by an international intern from the 
USA. There was inconclusive evidence of a one
or two-gene inheritance pattern in 8 of the 14 
resistant lines he investigated. 

An international intern from UK completed a 
2-year study in pearl millet physiology on the 
relationship between the length of the vegetative 
phase and crop growth and grain yield in pearl 
millet, 

An intern from the USA studied pearl millet 
cytoplasnic male sterility (cms) systems to obtain 
a better understanding of tile inheritance of fer-
tility restoration in the A Icms system; and to 
explore the potential for diversification of the 
cytoplasmic base of pearl millet F, hybrids. Pre-
liminary crossing has been completed and initial 
evaluations of 30 potentially different male-
sterile cytoplasms have begun. 

Legumes Program 

Inheritance studies on fusarium wilt (Fusarium 
oxysporum) and root rots (Rhizoctoniasp) and 
the effects of grafting on the spread of wilt in 
chickpea were completed by an Indian research 
fellow. It was found that a dominant gene was 
involvcd in the inheritance of root rot and that 
late-wilting genotypes used as stocks can sup
port resistant scions. This suggests that a diffu
sable gene prodact from the resistant scion 
imparts resistance to the susceptible stock. 

An international intern from Australia com
pleted a 2-year study of embryo culture and 
intergeneric pigeonpea hybridization. 

Studies on the effects of environmental stresses 
on geocarposphere and seed mycoflora, and on 
aflatoxin contamination of groundnut seed were 

Figure 6. An Australian international intern working on pigeonpea intergeneric pigeonpea hybridiza
tion observing a pigeonpea embryo under a microscope, ICRISAT Center, 1986. 
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completed by an Indian research fellow. The had no effect on the final amount of water used, 
results indicated that pod exudates may increase but that the allocation of dry matter was signifi
or inhibit growth and germination of Aspergillus cantly affected. Studies on root growth were also 
Ilavus, and that levels of seed infection were initiated. 
significantly higher in drought-stressed plots A 2-year field study assessing fertility in 
than in fully irrigated plots. Populations of the farmers' fields and evaluating component fertil
fungus in pods, and in the soil from around pods izer practices in the Indian SAT was completed 
increased as the crop matured. Aflatoxin con- by an international intern fromi the USA who 
tamination of seeds was higher in later-sown was funded by the Rockefeller Foundation. 
plots. Differences in genotype responses to fun- Data indicated that under farmers' conditions 
gal invasion of seeds to development of food and late-sown sorghum crops did not respond to 
soil mycoflora were evident, nitrogenous fertilizers. 

An international intern from the USA com- An Indian research fellow completed a 2-year 
pleted studies indicating that the antiserum pro- study of the consequences of land fragmentation 
duced to the groundnut witches' broom myco- and prospects for consolidation in the Indian 
plasma-like organisms (MLO) can detect MLO SAT. His data indicated that land fragmentation 
in crude extracts of infected leaves, stems, and was not an economic liability at present levels of 
pegs by using a protein A indirect ELISA proce- technology. 
dure. It was shown that two isolates of peanut An Indian research fellow completed a 2-year 
clump virus (PCV) were seed transmitted in study on groundnut marketing. He developed a 
groundnut M 13 and in at least one gramina- preference index for market samples that corre
ceous host. A simple ELISA procedure was lated well with market prices, thus giving confi
developed to detect viruses in seed lots and in dence to the use of the preference index as a tool 
disease surveys, when screening groundnut cultivars for consu-

An international intern from the UK com- mer preferences. 
pleted a 2-year study of factors and pests causing 
groundnut storage losses. Screening techiniques 
to identify genetic differences in resistance to Apprentice Activities 
storage pests were developed. He also completed 
work on a manuscript on pest management in Laboratory and field tests on groundnut geno
stored groundnuts that will be published as an types with field resistance to bud necrosis disease 
ICRISAT Information Bulletin in early 1987. (BND) were conducted for 6 months by an 

An Indian postdoctoral fellow started work apprentice from The Netherlands. The tests 
in pigeonpea pathology on a study of the epide- showed that among eight field-resistant, BND
miology of phytophthora blight. The work will resistant lines, three breeding lines were tolerant 
include the taxonomy, host-range, and mode of to the tomato spotted wilt virus (TSMV). In 
survival of the phytophthora blight pathogen pearl millet breeding a 6-month study on the 
(Phytophthora drechslerif. sp cajani) through expression of dwarfing genes was completed by 
the dry season. an apprentice from The Netherlands. A 7-month 

study was conducted by an apprentice from the 
UK on the effect of drought on the density of 

Resource Management Program insect pests, particularly the groundnut leaf 
miner (Aproacreniainodicella),during the post-

Sorghum production as affected by various rainy season. It was found that groundnut selec
topographic features such as slope and soil tions NCAc 343, M 13, and NCAc 17090 indi
depth, was studed by a postdoctoral fellow from cated resistance to the insect. Leaf miner attack 
Chad. Initial findings indicated that manipula- was more severe on stressed plants, and the high
tion of sorghum plant populations at anthesis est numbers of insect parasites were found on 
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nonstressed plants. Another apprentice from the 
UK is continuing to evaluate termite responses 
to soil moisture in a groundnut crop. A 7-month 
study by an Australian apprentice found that 
Heiothis armigera larvae collected from two 
locations differed in their rate of development, 
survival, and pupal size. It was shown that it was 
important for adults to feed on sucrose for 
reproductive development and flight; and that 
pupal predation, mainly by ants, was an impor
tant mortality factor for H. armigerapopula
tions on chickpea and irrigated groundnut crops. 
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Plant Quarantine 

During 1986 the Plant Quarantine Unit moved 
to a new building that has all the facilities of a 
modern plant quarantine laboratory, to facili
tate rapid and effective clearance of seeds for 
export. From August 1q86, the National Bureau 
of Plant Genetic Resources (NIPGR,) of the 
Indian Council of Agricultural Research (ICAR) 
was designated as the inspecting authority for all 
incoming and outgoing ICRISAT seeds and 
given the responsibiiity for issuing phytosanitary 
certificates in place of Central Plant Protection 
Training Institute (CPHTI), Hyderabad. 

A major highlight of our work was that we 
recorded a free-living nematode, Panagrolaimnns 

sp, on pearl millet seeds. This nematode occurred 

in association with bacteria when the seeds were 

contaminated with soil, and was found to dam
age seed. 

Plant Material Exports 

)uring 1986 we exported 57 618 seed samples of 
ICRISAT mandate crops and minor millets, 
3913 samples of plant material, and 95 units of 
rhizobial, mycorrhizal, and fungal cultures to 
scientists and cooperators in 102 countries 
(Table 1). Most of the seed exported was in the 
form of international trials and nurseries from 
the Cereals and Legumes programs. We also 

Table I. Seed material exports of ICRISAT mandate crops during 1986. 

Country Sorghum Pearl millet Chickpea Pigeonpea Ground nut Minor millets 

AFRICA 

Botswa na 362 10 14 
tlurkina Faso 5863 836 
Bururidi 108 101 
Cameroon 1199 134 24 
Canary Islands 7 
Cape Verde Islands I 
Chad 72 
Egypt 106 146 32 
Ethiopia 212 2 1873 34 35 
Gabon 40 
Gambia 55 13 5 69 
Ghana 49 17 10 168 
Guinea 6 
Ivory Coast 792 4 
Kenya 1795 76 146 628 
Liberia 19 
Libya 72 
Malawi 230 240 
Mali 986 42 144 
Mauritius 15 
Morocco 4 7 

Continued. 
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Table I. Continued. 

Country Sorghum Pearl millet Chickpea Pigeonpea Groundnut Minor millets 

Mozambique 
Niger 
Nigeria 
Rwanda 
Senegal 
Sierra Leone 
Somalia 
Sudan 
Tanzania 
Togo 
Tunisia 
Uganda 
Zaire 
Zambia 
Zimbabwe 

192 
396 
842 
202 
200 

364 
463 

396 

96 

559 
2313 

1059 

85 

20 
545 

133 
4296 

10 
146 
55 

296 

120 

33 

44 
49 
96 
96 
57 
4 

30 

47 

304 

30 
2 

24 
53 

130 
72 

208 
16 398 

ASIA 

Ba ngladesh 

3hutan 
Burma 
China 
Indonesia 
Iran 
Iraq 
Japan 
Korea 
Malaysia 
Nepal 
Oman 
Pakistan 
Philippines 
Saudi Arabia 
Sri Lanka 
Syria 
Taiwan 
Thailand 
Vietnam 
Yemen (AR) 
Yemen (PI)R) 

178 
76 

733 

5 
82 

731 

1280 
446 

59 
131 
57 

414 

1151 

5 

353 

23 
642 

5 
42 

124 

834 

512 
23 

500 
5 

25 

849 

904 
274 

2 
1 

240 

146 

8 

126 
10 

157 

5 
3 

94 

428 

176 
102 

57 

214 

4 
3 

25 

24 
93 
85 

5 
38 

230 
124 
38 

161 
398 
72 

180 

181 
197 

THE AMERICAS 

Antigua 
Argentina 
Barbados 

479 
22 

2 

Continued. 
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Table 1. Contined. 

Country Sorghum Pearl millet Chickpea Pigeonpea Groundnut Minor millets 

Belize 
Bolivia 
Brazil 
Canada 
Chile 
Colombia 
Dominica 
Dominican Republic 
El Salvador 
Guatemala 
Guyana 
Haiti 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Peru 
Puerto Rico 
St. Lucia 
Surinam 
Trinidad 
USA 
Venezuela 

24 
2167 

711 

190 
209 
100 

88 

612 
6 

1635 
140 

69 

5 

70 

34 

i11 

5 
35 

146 

551 

146 

1050 

114 

4 
38 

8 

2 
7 

18 
8 

3 
24 

107 
16 

98 
II 

27 

35 

123 

43 
51 

198 

20 

EUROPE 

Belgium 
Cyprus 
l)enmark 
Federal Republic of Germany 
France 
Greece 
Italy 
Netherlands 
Poland 
Portugal 
Spain 
Switzerland 
Turkey 
UK 

3 

7 
362 

4 

537 
3 

67 
100 
150 

60 

3 

I 

31 

124 

9 

142 
I 

14 

9 
1 

31 

1 

14 

52 

7 

96 
81 

19 

I 

112 

AUSTRALASIA 

Australia 
Fiji 
Papua New Guinea 
Tonga 

108 

I 

317 127 
32 

I 

42 
1 

1I 

Total 30750 8844 9657 3436 4513 418 
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dispatched germplasm accessions from the ICRI-
SAT gene bank, and all the material sent to 
collaborators and cooperators in ICRISAT's 
research in many universities and research insti-
tutions around the world. 

Plant Material Imports 

During 1986, ICRISATreceived 5907 seed sam-
pies of its mandate crops, minor millets, Atylosia 

sp, Rhyncosia sp, Flemingiasp, and forest trees 
from 21 countries (Table 2). The seed samples of 
cereals and pulses were released after they had 
been thoroughly examined and treated against 
seedborne diseases where necessary, as were 
groundnut plants after growing on tests against 
viruses in the insect-proof screenhouse. Ground
nut plants were also tested by the enzyme-linked 
immunosorbent assay (ELISA) techrnique for
peanut stripe virus before they were sown in 
Post-Entry Quarantine Isolation Area (PEQIA). 

Table 2. Seed material imports of ICRISAT mandate crops during 1986.
 
Country 
 Sorghum Pearl millet Chickpea Pigeonpea Groundnut Minor M/lillets Others 
AFRICA 

Ihurkina Fi io 22 26 
Cameroon 306 872 10

Malawi 

109
Mali 4 29 
Niger 9
Nigeria 

9Zimbabwe 345 I 68 184 

ASIA 

China 150 
Indonesia 

31
Iran 7 123
Korea 75 77 126
Pakistan 15 
Syria 631 
Taiwan I 

THE AMERICAS 

Jamaica 94 
USA 
 574 115 2 
 75
 
Venezuela 7 1 

EUROPE 

Rumania 10 
UK 
 816 20 
 8 3 
 607
USSR 139 9 24 134 

AUSTRALASIA 

Australia 26 4 9 
Total 2478 1057 799 III 371 1051 40 



Post-Entry Quarantine Isolation Area 

(PEQIA) 


As a precaution against the spread of infection, 
all seed and vegetative materials released by the 
National Quarantine Services are grown in isola-
tion for one season before they are released to 
ICRISAT scientists. I)uring 1986, 4494 samples 
of our mandate crops and wild legumes were 
grown tinder supervision of ICR ISAT and 
CPPTI/ NBPGR quarantine officials. The crops 
received adequate plant protection measures 
throughout the growing period, and any plants 
showing symptoms of exotic diseases were ima-
mediately rogued and incinerated. Healthy plants 
were harvested and their seeds released to ICR I-
SAT scientists. Great care is taken to prevent 
spread or establishment of pests or diseases from 
the PEQIA. 

Computer Services 

The Computer Services Unit provides time-
sharing to ICRISAT researchers on a VAX-
11/780 computer system and to the ICRISAT 
administration on a VAX-lI '750 computer sys-
tern. The VMS operating system is used on both 
systems. We develop interactive systems; pro-
vide data-entry services: install software pack-
ages, microcomputer hardware and software; 
conduct seminars; and provide individualized 
instruction on computer usage to all ICRISAT 
stafft. 

State of Development 

The main focus of software development in 1986 
was again on systems for administrative applica-
tions. Phase I of the Financial Accounting Sys-
tem was released for uailv use in January, and 
the necessary refinements were made during the 
year. Phase 11 of the Financial Accounting Sys-
tern that will feature online enquiry by adminis-
trative offices, was completed and released for 
testing. Several maintenance functions were added 
to the personnel database system. An online 
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leave management system and an employee med
ical records system, both of which integrate with 
the personnel database, were developed and 
released to the concerned user departments. The 
inventory management system, in use since late 
1984, was completely redesigned to add more 
features and to improve its operting efficiency. 
A travel records management system was devel
oped and released to the Travel Unit for testing. 
A system to manage the details of all locks and 
keys in the Institute was developed for the Secu
rity Unit, and a system to maintain details of 
visitors was developed for Visitors' Services. 

We worked on an online system designed to 
keep track of the Editorial Committee review 
process for journal articles and conference pap
ers, and to maintain a permanent database of all 
ICR ISAT publications. We developed database 
system to manage details of all seeds exported by 
the Plant Quarantine Uinit. We worked on soft
ware to interface inicrocomputer-based doCu
ments to the phototypesetter, using the VAX as 
an intermediary. 

The research VAX- 1!780 computer system 
was improved with the installation of 10 Mega
bytes of memory. The additional memory per
wits the use of the most recent version of the 
VMS operating system, and experimentation 
with a network between the two VAX systems. A 
laser printer was added to each of the VAX 
systems to provide faster letter-quality docu
ment printing. 

Thirty-five DEC Rainbow microcomputers 
and three 113M PC/XT microcomputers were 
installed during 1986 for word processing, spread
sheet applications, small database management, 
specialized applications, and training. Many of 
these systems are able to gain access to one of the 
central computers for data exchange. A long
term goal is to place at least one microcomputer 
in each Program Office and provide network
based access to each of the two VAX computers. 
Over 100 staff members were trained in the use of 
microcomputer software at ICRISAT Center. 
Additionally, five Rainbow microcomputers were 
installed for the SADCC/ICRISAT Regional 
Sorghum and Millet Improvement Program in 
Btulawayo, Zimbabwe. Three staff members from 
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ICRISAT Center trained the staff in Bulawayo 
on the use of word processing, spreadsheet, data
base, communications, and statistical analysis
software. 

ICR ISAT is a member of the electronic messag-
ing and data communications system (CGNET) 
that links the Technical Advisory Committee 
(TAC) and the Consultative Group on Itnterna-
tional Agricultural Research (CGIAR) secreta-
riats, with eight of the CGIAR centers and with 
each other. CG NET is ininpiemented using the 
Dialcom Electronic Mail Service and also per-
inits contact with several other institutions 
throughout tile world. In 'March 1986, tile 
SA! C,,CICRI1SA' Programwas added toC(;N'I 
using a DEC Rainbow, a niodern, and an inter-
national telephone link to the i K. The CG NIT 
access to the ICRISAT Salielian Center in Nia-
maey, Niger, initially established in 1985, was 
improved using a high-qtality modem and a 
telephone link to the 11K in Ma'. 

Looking Ahead 

Despite tile addition of many nicrocomputers, 
tle demand for central computer resources 
increased substantially in 1986. This increased 
load has had an adverse effect oin software 
development scheduled for 1986. Much effort 
will be expended in 1987 to improve the effi-
ciency of the existing applications, to establish 
guidelines for software development that assure 
tie most efficient use of existing resources, and 
to assess tile best method of iicreasing coipititer 
resources. A consulting firm vIIl he retained to 
help with this study. IIigh-spCed networking 
hardware that perrits tle use of niicrocoipu-
ters in the VAX network will be installed, and 
the distribution of applications between micro-
computers and the central VAX computers will 
be explored. 

Statistics Unit 

The Statistics Unit provides consultancy services 
to ICRISAT staff and scientists from collabora
tive projects at various stages of their research; 
this service includes planning experiments, aria
lyzing data, and drawing inferences. We review 
scientific papers for the Editorial Committee 
and reports for programs. We also lecture to the 
trainees on design and analysis of experiments 
and bioinetrical genetics. We participate in In
house Reviews, program planning meetings, and 
visit experiniental trials. 

In 1986, we supervised students from he 
Andhra Pradesh Agricultural lriniversity(APAUI) 
in their dissertation vork. Our Principal Statis
tician was transferred to ISC, Niamey, Niger, 
following recomniendations of the Fxternal 
Program Review. One staff member received 
training on rmicrocoriiputers at the University of 
Kiel, Federal Republic of Germ any. 

We consulted three experts on topics of our 
current research interest, These include applica
tions of robust statistical techniques, estimation 
of variance components, and nonlinear furic-
tioral relationships. We used several data sets to 
cxamine thcse methods. Our criIsIltaicics with 
scientific staff and collaborators during 1986 
averaged over 85 per nionth. 

These consultaricics encouraged irs to exam
ine tie following: 
0 Generation mean analysis. A i inuber of 

methods suitable for non-roriial data and 
combining incars with lietcrogcnous variari
ces were examined to estimate components of 
genieration means ill plants. ''he comparison 
was made with tile lielp of sorghumi data. 
More data sets are now being examined. 

0 Variability studies. Using pearl millet data we 
examined methods to aCcoLIInt for variability 
duc to coriipetition between neighboring rows. 
Ilr a few cases we found that some genotypes 
competed with others when grown adjacently. 
Two nearest neigh bor (N N) tcchriqutcs d ue to 
Papadakis ;ai] Wilkinson were also found to 
be successful in accounting for variability due 
to local trends in the field. 
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Looking Ahead Documentation Services 

We plan to examine the behavior of coefficient Our Selective Dissemination of Information 
of variation (CV), noniterative robust methods (SDI) service continues to be popular with recip
for analyzing data from designed experiments, ients. It now goes to 176 scientists in 35 coun
and to follow up visits from consultants invited tries; 36 of these are new recipients in 1986 
during this past year. representing a 26% growth over last year. 

We conducted 98 literature searches, includ
ing 10 on-line searches to mcet specific requests 
for comprehensive and problem-oriented infor
mation. The availability of search results was 
announced through the Institute's Newsletter,

Library and Documentation At ICRISAT, enabling more users to benefitServices fron the service. 
The Central Reprography Unit attached to 

the Library provides Institute-wide photocopy-
Acquisition ing., microcopying, and offs(. printing services. 

In 1986, the unit produced 892 874 pages of pho
tocopies and 10 742 of the masters used to print 

Durin, 1986 we developed a microcomputer- program-level publications. A modest beginning 
based serials data systern; this will improve the was also made on nicrofiching out-of-print 
library's capability to inventory and disseminate ICR ISAl publicationis. 
infornat ion ol its serial holdings. l)uring the year, we continued to input con-

We added more than 2000 documents to 1r1 ventional and nonconventional literature pro
collection (Table I). duccd at ICRISAT to the Information System for 

In con t ing to provide assistUaIce in dvloCp- Agricultural Sciences and Technology (AGRIS) 
ing tile ICRIS AT Sahlelian Center (ISC) librarv dat abase, of the Food aid Agriculture Organi
we acqIIired, processed, and transferred 262 zation of the United Nations (FAO). 
titles to ISC. A staff illnher visited ISC as a 
consultant and to traili the ISC Assistant librar
tlli il library techniques and procedutes. This Sorghum and Millets Information 
3-week consultancy reslIlted iI tile classification Center (SMIC) 
and cataloging of tile ISC collection, and the 
establishmnclt of proceduTres for acquLisiti on, Bibliographies. We published an annotated 
technIlical processing, anld circulation of docImumiets. Sorghul Bibliography for 1983 (1558 entries) 

and compiled tile NIillets Bibliography for 1983 
(1036 entries). Both were produced oil COmllputer. 

Table 1.Status of acquisition, ICRISAT 
Library, 1986. BASIS. Phase 11 oftheSMIC Project ended in 

Septelber 1986 after an I8-month extension by
Additions lotal tie International l)evelopicnt Research Centre 
diurig holDigs (II)R('), Caliada. Under the II)RC grant we 

t a versatile Information Retrieval Softacquired 

Iooks and reports 1313 ware BASIS, and held an21358 Package, intensive 
Ihounld volumes of periodicals 394 12479 workshop on the package during September
Annual Reports 256 1317 1986. The workshop, fulded inpart by II)RC, 
Reprints, photocopies, etc. 170 5793 provided hands-on traini ng on the capabilities of 
Microl rlmis 33 796 p acade traini r datalie ca ties oflie packageandand its use for database creation and 
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maintenance. It was attcnded by 10 participants 
from the Library, Computer Services, Informa
tion Services, and the Genetic Resources Unit. 
BASIS will be used to put the SM IC database on 
the VAX- I 1/780 computer system and will ena-
ble interactive access to the database by scient-
ists at ICRISAT Center. 

Document Delivery Services. Following requests 
from scientists from all over tie world we pro-
vided copies of 3086 papers and literature searches 
in the SMIC collection. 

Computerizat.an. The software package devel-
oped in 1985 to integrate bibliography data 
entry, updating, index generation, and produc-
tion of formatted, camera-ready copy of biblio
graphies, was extended to produce SDI fasci
cultes and the current literature sections of the 
SM iC Newsletter. 

Looking Ahead 

A project to expand SM IC's information resour
ces and services to all five of ICR ISA Is man
date crops has been approved and will be funded 
by IIDRC. In 1987 we will begin to work on this 
new project, to be called the Semi-Arid Tropical 
Crops Information Service (SATCRIS). IThe 
project aims to develop a databasc on our niln-

date crops using mrachine-readable subsets of 
Commonwealth Agricultural BureauIX Internationa! (CABI) and AGRIS databases. It also 
envisages closer cooperation between ICRISAT 

and CABI, in the dissemination of information 
on the five crops to sci "ntists working at ICRI-
SAT and in national and regional programs of 
the SAT. 

Information Services 

Information Services is responsible for the nub
lication and dissemination of information about 
ICRISAT's research to a wide audience of 
national scientists and policymakers in develop
ing countries, the internrtional scientific corn
munity, donors, and informed readers. In addi
tion, it provides support services to scientist- in 
the preparation of tables, figures, posters, pho
tographs, and slides. It also provides a French
language translation service to ICRISAT admi
nistrative and scientific staff. 

This year ICRISAT produced 32 institute
level publications including 5 workshop pro-

Presiden! Seyni Kountclie of Niger (right), and a 
member of his staff discussing ICRISAT publications 
during a visit to ISC, Sador , 1986. 
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ceedings, 2 bibliographies, and 15 issues of var-
ious newsletters. All these publications are 
produced in-house, and the majority of them are 
printed at ICRISAT Center. Two issues of Nou-
velles de I'ICRISAT were published and distrib-
uted from the ICRISAT Sahelian Center, which 
also produced annual reports in English and 
French for the ISC and ICRISAT's sorghum 
program based in Burkina Faso for distribution 
in the West African region. 

Information Services is responsible for publi-
cizing scientific achievements through news re-
leases and, with film and .i0(-) presentations 
made by external agc icies, to act as a link 
between ICRISA I s,-.Lnti,;ts and the agencies 
concerned. I)uring September 1986, a letter of 
understanding was signed between the Educa-
tional Media Research Centre 'EMRC) of the 
Central Institute of English a:,(. >'oreign Lan-
guages (CIEFL) to work on video ,-esentat ions 
outlining various aspects o ICRIS.AT's work in 
India. Also, consultants fo!,: the USA con-
ferred with staff and gave seminars on the use of 
graphics in writing reports, and on science wiit-
ing for the public and the medii. 

During the year the Composing Unit installed 
a new-generation phototypesetter, the Coinp/ FEd,1 
6400, to augmncnt existing equipment. This hIs 
increased composition capacity by 50% and cut 
production time. Some 4600 m of phototypeset-
ting paper were exposed and processed for pub-
lications, slides, and other typographic require-
ments. Because thc phototypesetting equipment 
is electronically linked with t-e Institute's VAX 
mainframe computer, Composing Unit staff 
have trained text inptitters in other programs to 
facilitate the interfacing and simplify the format-
ting work done within the Division. Computer 
graph.cs are increasingly used to illustrate ICR I-
SAT paiblications. 

The Art Unit handled more than 1200 pieces 
of artwork, in addition to their graphic and 
design work on Institute-level publications. 'his 
included line figures, photo page layouts, poster 
presentations, maps, forms, overlays, page paste
ups, and brochures. The Photographic Unit 
handled 1808 jobs, comprising about 39518 
exposur.-s. The Printshop ran 3.32 million im-
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pressions during 1986; this includes the major 
Institute-level publications printed in-house. The 
Distribution Unit dispatched 20 383 copies of 
publications, 88% of which were sent gratis to 
libraries and scientists engaged in agricultural 
research pertaining to the SAT; the remainder 
were sold. 

Information Services also provides the Secre
tariat to the Editorial C((mmittee, which oper
ates an internal peer-review system for mantis
cripts authored by Institute staff for the inter
national scientific press. During 1986, 198 ma
nuscripts were submitted to the Committee. Of 
them, 150 were approved for submission to 
journals, workshop or conference proceedings, 
;ind nultiauthored books, or nublished as Insti
tute serials. Ii. ,ormationServices staff edited 40 
of these during the review process, and 28 of 
them received statistical review. Thirty-eight 
journal articles and 44 conference papers pre
viously approved by ICRISAT were published 
in the sciemw,:: pres! These are listed at the end 
of concerned sections in this Report, and reprints 
can be obtained on request from relevant Pro
gram Offices. 

Looking Ahead 

Information Services has investigated presently 
available machine translation systems to meet 
the increasing demand for accurate technical 
translation from and into French and Spanish. It 
is hoped such aids will facilitate the production 
of more publications in these languages. 

Further improvements will be made in the 
combined use of typesetting and computerized 
pen-plotted graphics in producing line figures. A 
communication program is being created to 
permit interfacing of both French an" ":nglish 
texts from the mainframe computer to the new
generation phototypesetter. 

http:graph.cs
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Publications 

Institute Publications 

Annual Progress Reports 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1986. Research Highlights
1985. Patancheru, A.P. 502 324, India: ICRISAT. 
ISSN 0257-2532. 

ICRISAT(International Crops Research Institute for 
the Semi-Arid Tropics). 1986. Progres de la recherche 
1985. Patancheru, A.P. 502 324, India: ICRISAT. 
ISSN 0257-2494. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1986. Annual ReportPatancheru, A.P. 502 324, 1985.India: ICRISAT. ISSN 
0257-2478. 

Bibliographies 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1986. Sorghum and Millets 
Information Center. 1986. SorIun Bibliography 
1982. Patancheru, A.P. 502 324, India: ICRISAT. 
ISBN 92-9066-117-8. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1986. Sorghum and Millets 
Information Center. 1986. Sorghum Bibliography

I en f n r m e r . a i on C o r g l l i l i o ra p x 'I 1 9 8 . u n t1983. Patancheru, A.P. 502 324, India: ICRISAT. 
ISBN 92-9066-118-6. 

Newsletters 

ICRISAT(International Crops Research Institute for 
the Seni-Arid Tropics). 1986. At ICRISAT nos. 13,
14, 15. and 16. Patancheru, A.P. 502 324, India: :CRI-SAT. ISSN 0257-2486. 

ICRISAT(International Crops Research Institute for 
the Semi-Arid Tropics). 1986. Nouvelles de l'ICRI-
SAT nes. 7 and 8. Niamey, Niger: ICRISATSahelianCenter. ISSN (:257-2524. 

ICRISAT(International Crops Research Institute for 
the Semi-Arid Tropics). 1986. Sorghum and Millets 
Information Center. 1986. SMIC Newsletter nos. 18, 
19, and 20. Patancheru, A.P. 502 324, India: ICRI-
SAT ISSN 0257-2540. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1986. La Lettre du SMIC 
nos. 16, 17, and 18. Patancheru, A.P. 502 324, India: 
ICRISAT. ISSN 0257-2516. 

ICRISAT R&D Leaflets 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1986. ICRISAT R&D Leaf
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Other Publications 
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Conference Papers 
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horizon (Guha, B.. ed.). New Delhi, India: Allied 
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Dr. J. L. Dillon, Chairman (until March) 

Dept. of Agricultural Economics 

and Business Management 


University of New England 

Armidale, NSW.2351 

Australia 


Dr. F. V. MacHardy, Chairman (from March) 
7817 Saskatchewan Drive 
Edmonton, Alberta 
Canada T6G 21-3. 

Dr. N. S. Randhawa, Vice Chairman 
Director General, Indian Council of 
Agricultural Research (ICAR) and 
Secretarv to the Goernmient of India 

Department of Agricultural Research 
andarishiEducationEduhatn 

Krishi Bhavan 

India 

Dr. L. D. Swindale, Ex-Officio Member 
Director General, ICRISAT 
Patancheru 

Andhra Pradesh 502 321 
India 

Mr. M Subramanian (until March) 
Secretary to the Government of India 
Ministry of Agriculture 
Krishi Bhavan 
New Delhi 110 001 
India 

Mr. C. S. Sastry (from April) 
Secretary to the Government of India 
Ministry of Agriculture 
Krishi Bhavan 
New Delhi I10 001 
India 

M ,Ljra'ar Kumar 
C' ,cretary to !he 
Gnernment of Andhra Pradesh 
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India 

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

Dr. L. Brader (from March) 
Director
 

Plant Production and Protection Division 
Food and Agriculture Organization of the UN 
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00100 Rome 
Italy 

Dr. C. Charreau 
Director, IRAT 
Centre de Coop6ration Internationale en Recherche 

Agronomiquc pour leD6veloppement (CIRAD) 
45 bis Avenue de laBelle Gabrielle 
94130 Nogent sur Marne
France 

Dr. J. 1. Eckebil (from May) 
Director 
Institut de laRecherche Agronomique 
B.P. 2123 
Yaounde -Messa 
Cameroon 

Dr. N. L. Innes 
Deputy Director 
Scottish Crop Research Institute 
Invergowrie, Dundee 
Scotland 

Dr. J. Kabor6 (until May) 
Program Officer 
World Food Program 
B.P. 620 
Nouakchott 
Mauritania 

Dr. K. Kumazawa 
Professor of Plant Nutrition and Fertilizer 
Faculty of Agriculture 
University of Tokyo 
Bunkyo-ku, ' okyo 
Japan
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Dr. W. T. Mashler
 
4 Woody Lane
 
Larchmont, New York 10538 
USA 

Dr. J. Moncada de la Fuentt
 
Presidente
 
Colegio de Ingenieros Agronomos
 
de Mexico, A.C.
 

Sindicalismo 92
 
Mexico 18, D.F.
 

Dr. P. MUller (until May) 
Deputy Head, Dept. of Agriculture, 
Health and Rural Development 

Deutsche Gesellschaft fur Technische 
Zusammenarbeit (GTZ) GmbH
 

Postfach 5180, D- 236 Eschborn I
 
Federal Republic of Germany
 

Dr. B. K. Patel (from March) 
Chief Agricultural Research Officer 
Dept. of Agriculture 
Mount Makulu Research Station 
PO Box 7 
Chilanga 
Republic of Zambia 

Dr. P. M. A. Tigerstedt 
Department of Plant Breeding 
University of Helsinki 
00710 Helsinki 
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ICRISAT Senior Staff- as of December 1986
 

ICRISAT Center 
Administration 

L.D. Swindale, Director General 
J.S. Kanwar, Deputy Director General 
M. Goon, Assistant Director General (Administration) 
S.P. Ambrose, Principal Government Liaison Officer 

(until May) 
K.B. 	Srinivasan, Assistant Director Gen.ral (l iaison) 

,iru. Jun) 
B.C.G. 	Gunasekera, Advisor to )irector General 

for Donor Relations 
S.J. 	Phillips, Special Assistant to Director General 

for Educational Affairs 
W.E. Urban, 	Advisor in Research Management Systems 

(from Aug) 
V. IBalasubramanian, Sr Exect .: Officer 

(Director General's Office) 
Joyce Gay, Sr Adm Secretary to the DG 
M.S.S. Reddy, Scientist ,on contract) 

Sunetra Sagar, Sr Adm Secretary to the DDG 

S. Krishnan, Asst Manager (Adnin), Office of 

Adviser to the DG for Donor Relations 
S. Ramachandran, Adrn Officer, Office of Adviser 

to th: DG for Donor Relations (until Atig) 
C. Gecth'i, Sr Secretary, Office of the ADG (Admn) 
P. 	Sosamma Nair, Sr Secretary, 

Office of the ADG (Liaison) 
D. Mitra, Fiscal Manager 
A. Baneji, Asst Manager (Fiscal) 
V.S. Sviaminathan, Sr Accounts Officer 
A.N. Venkataswamy, Accounts Officer 
C.P. Rajagopalan, Accounts Gfficer 
P..'.V.N. Kumud Nath, Accounts Officer 
F..K. Vasu, Accounts Officer 
K. Narayana Murthy, Accounts Officer 
B.K. Johri, Personnel Manager 
P.M. Menon, Asst Personnel Manage,- (from Feb) 
N.S.L. Kumar, Sr Personnel Officer 
P. Suryanarayana, Sr Personnel Officer 
A.J. Rama Rao, Sr Secretary (Personnel) 
R. 	Vaidyanathan, Purchase and Stores Manager 

(on sabbatic until Apr) 
C.R. Krishnan, Asst Manager (Purchase and Stores) 
K.P. Nair, Sr Purchase Officer 
D.K. Mchta, Sr Stores Officer 
1).V. Rama Raju, Sr Purchase Officer 
K.C. Saxena, Sr Stores Officer 
K.R. Natarajan, Shipping and Purchase Officer 
Joseph Banji, Purchase Officer 
A. 	Lakshminarayana, Sr Scientific Liaison Officer 

(Visitors' Services) 

Harish Sethi, Scientific Liaison Officer
 
Georgina Fredericks, Adm Officer (Visitors' Services)
 
K.K. Sood, Sr Security Officer 
A. Ekbote, Security Officer 
K.K. Vij, Sr Adm Officer (Delhi Office) 
V. Lakshmanan, Asst Manager (Admn) 
N. Siirya Prakash Rao, Sr Resident Medical Officer 
R. Narsing Reddy, Transport Officer (until Sep) 
G. Vijayakumar, Transport Officer 
K. Jagannadham, Adni Officer (Transport) 
A. Rama Murthy, Travel Officer 

Research Programs 

Cereals 

Program Office 

J.M.J. de Wet, Program Director, Cereals (from Jun) 
K. Santhanam, Asst Manager (Admn) (from Aug) 
S.P. Jaya Kumar, Adm Officer (until Aug) 
Nirmala Kumar, Adm Officer 

Sorghum Group 

S.Z. Mukuru, Principal Plant Breeder 
(Program Leader until May) (on sabbatic) 

L.K. Mughogho, Principal Plant Pathologist 
J.M. Peacock, Principal Plant Physiologist 
K. Leuschner, Principal Cereals Entomologist (until Nov) 
D.S. Murty, Plant Breeder (on leave from Jul) 
B.L. Agrawal, Plant Breeder 
Belum V.S. Reddy, Plant Breeder 
P.K. Vaidya, Plant Breeder 
N. Seetharama, Plant Physiologist 
P. Soman, Plant Physiologist 
Suresh Pande, Plant Pathologist 
R. Bandyopadhyay, Plant Pathologist 
S.L. Taneja, Entomologist 
H.C. Sharma, Entomologist (on sabbatic from Nov) 
H.D. Patil, Sr Research Associate 
K. David Nicodemus, Sr Research Associate 
P. Ramesh, Research Fellow 
N.F. Beninati, International Intern (until Nov) 
D.J. Flower, International Intern (from Feb) 

Pearl Millet Group 

S.B. 	King, Principal Plant Pathologist 
(Program Leader until May) 
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F.R. Bidinger, Principal Plant Physiologist 
J.R. Witcombe, Principal Plant Breeder 
K.K. Lee, Principal Cereals Microbiologist 
K.N. Rai, Piant Breeder 
B.S. Talukdar, Plant Breeder 
Pheru Singh, Plant Breeder 
S.B. Chavan, Plant Breeder 
G. Alagarswamy, Plant Physiologist (on secondment) 
V. Mahalakshmi, Plant Physiologist 
S.D. Singh, Plant Pathologist 
R.P. Thakur, Plant Pathologist (on sabbatic from Jul) 
S.P. Wani, Microbiologist 
K.R. Krishna, Microbiologist 
P.Q. Craufurd, International Intern 
C.T.Hash Jr., International Intern (from Mar) 

Kenya 

Brhanc Gebrekidan, SAFGRAD/ICRISAT Coordinator for 
Sorghum and Millet, Eastern and Southern Africa (until Apr)

V.Y.Guiragossian, SAFGRAD/ ICRISAT Coordinator for 
Sorghum and Millet, Eastern Africa (from Jun) 

Sudan 

R.I. Jain, Principal Millet Breeder (until Sep) 

Mexico 

V.Y. Guiragossian, Principal Sorghum Breeder (until May) 
C.L. Paul, Principal Sorghum Agronomist
R. Clara, Scientist. Sorghum Breeder 

Legumes 

Program Office 

Y.L. Nene, Principal Plant Pathologit and Acting
Program Director, Legumes 

D.G. Faris, Principal Coordinator, Asian Grain 


Legumes Network Asa GitF. 

Leumes ework 


D.M. 	 Pawar, Sr Agricultural Officer (Cooperative Trials)
P. Subrahmanyam, Sr Adm Officer (until Aug) 
Surendra Moltan, Sr Adm Officer (from Aug) 
P. Rama Murthy, Adnt Officer, LegumesG.J. Michtael, Mdm Officer (AGLN) (from Aug) 

Pulses Group 

W. Reed, Principal Entomologist 
C. Johansen, Principal Agronomist 
H.A.van Rheenen, Principal Plant Breeder, Chikpeak
Laxman Singh, Principal Plant Breeder, Pigeonpea 

A.B.S. King, Principal Entomologist, ICRISAT/TDRI 
(from Apr) 

J. -rihara, Associate Physiologist
 
N ie, Associate Microbiologist
 
H.J. 	 Hansen, Asst Plant Pathologist, ICRISAT/DANIDA 

(from Jun) 
K. Okada, Asst Microbiologist (from Dec) 
D.Sharma, Sr Plant Breeder, Pigeonpca (from May) 
K.C. Jain, Plant Breeder, Pigeonpea
 
Onkar Singh, Plant Breeder, Chickpea
 
K.B. Saxena, Plant Breeder, Pigeonpca 
S.S. Latcef, Entomo!ogist 
M.P.Haw, re, Plant Pathologist (on leave from Nov) 
S.C. Sethi, Plant Breeder, Chickpea 
N.P.Saxena, Agronomist 
C.L.I.. Gowda, Plant Breeder, Chickpea 
0.1P. Rupela, Agronomist (Microbiology)
J.V.D.K. Kumar Rao, Agronomist (Microbiology) 
A.M. Ghanekar, Plant Pathologist

Jagdish Kum-i. ,imi Breeder, Chickpea
 
S.Sithanantham, Entomotogist 
S.C. Gupta, Plant Breeder, Pigeonpea 
M.V. 	Reddy, Plant Pathologist 
Y.S. Chaihan, Agronomist (Pltysiology) 
S.B. Sharma, Plant Nentatologist (from Nov)
M.D. Gupta, Sr Research Associate (on study leave until Sep) 
N.V. Ratnam, S; Research Associate 
J.H. Miranda, Sr Research Associate, Chickpea 
L. Krishna Murthy, Sr Research Associate 
I.S. I)undas, International Intern (until Oct)
P.K. Anand Rao, Postdoctoral F'.lcw 
Nandita Sarkar, Posidoctoral Fel;ow (front Jun) 

Groundnut Group 

R.W. Gibbons, Principal Plant Breeder
 
(Program Leader until May)
 

D. McDonald, Principal Plant pathologist 
J.P. Moss, Principal Cytogencticist
D.V.R. Reddy, Principal Plant Virologist 
J.H. Williams, Principal Plant Pi',siologistJ.A. Wightman, Principal Entomologist 
S.N. 	 ' ,an, Principal Plant Breeder (from Jun) 

Iji,itr,Asst Plant Pathologist (from Sep) 
L.J. Reoiy, Plant Breeder (on sabbatic until Jun) 
P. 	Subrahmanyani, Plant Pathologist 
P Nambiar, Microbiologi:.r 

P.W. Amin, Ento bologist 
.W. An ,Entomologist
G.V. Ranga Rao, Entomologist

A.K. Singi, Cytogeneticist (on sabbatic from Jul) 
V. K. 	Mehan. Plant Pathologist
D.C. 	Sastri, Cytogeneticist 

M.J. Vasudeva Rao, Plant Breeder 
S.L. Dwivedi, Plant Breeder 
R.C. Nageswara Rao, Plant Physiologist 
V.M. 	Ramrai, Plant Physiologist 
H.A. Hobbs, International Intern (until Feb) 
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K.M. Dick, International Intern (until Dec) 	 Sardar Singh, Soil Scientist 
S. Nahdi, Research Fellow (until Mar) 	 K.L. Srivastava, Agricultural Engineer 

R.K. Bansal, Agricultural Engineer (on sabbatic from Oct) 
R.C. Sachan, Agricultural Engineer 

Syria Prabhak ir Pathak, Agricultural Engineer 
N.K. Awadhwal, Agricultural Engineer/Soil Physicist 

K.B. Singh, Principal Chickpea Breeder 	 V.M. Mayande, Engineer (on study leave until Aug) 
M.P. Haware, Principal Chickpea Pathologist (from Nov) 

Economics Group 
Pakistan 

T.S. Walker, Principal Economist 
M.S. 	Rahman, Principal Chickpea Breeder/ Plant P.J. Matlon, Principal Economist (from Sep) 

Pathologist R.A.E. Muller, Principal Economist 
Karen Ann I)voi-Ak, International Intern (until Nov) 

and Principal Economist (ICRISAT! IFI)C) (fron Nov) 
Resource Management N.S. Jodha, Sr Economist 

R.N. Atha,,ale, Sr Hydrologist (on contract) 
Program Office R.I). (I hodake, Economist (oin leave until Dec) 

R. 1'. '3ingh. Economist 
M. von Oppen, Program l)irector K.G. Kshirsagar, Sr Research Associate 
1). Sharma, Coordinator, On-farm Research (until May) K.V. Subba Rao, Sr Research Associate 
S.K. Sharma, Sr Rcsearch Associate 	 M.J. Bhlcide, Sr Research Associate 
R.S. Aiyet, Sr Adit Officer V. Bhaskar Rao, Sr Research Associate 
Surendra Mohan, Sr Adn Officer (until Aug) P. Parthlasarathy Rao, Sr Research Associate 
S. Ramachandran, Adm Officer (from Aug) 	 N.V. Narasimnhani, Research Fellow (until Aug) 

V. Ballahbh, Research Fellow (until Jan) 

Agr-nomy (;roup 

S.M. Virmani, Principal Agroclimatologist 	 Support Programs 
J.R. 	Burford, Principal Soil Chemist Biochemistry 

(on sabbatic from Ion) 
C.W. 	Hong, Principal Soil Scientist (ICRISAT/IFDC) R.Jambunathan, Principal Biochemist 

(until May) Umaid Singh, Biochemist 
C.K. Ong, Principal Agronomist, Cropping Systems V Subrananian, Biochemist 
A.B.S. 	 King, Cropping Systems Entomologist T.A. Krishnarnurthi, Sr Adn Officer (until Aug) 

(ICR ISAT/TIDRI) (until Apr) 1'. S,ibralm, ayan, Sr Adi Officer (from Aug) 
R.J. Van Den Beldt, Principal Agronomist, Agroforestry Samtosh C..ru, Sr Research Associate 
A. Schuitt, Asst Engineer, Soil Fertility Unit	 M.S. Kht, ozkar, Sr Research Associate 

(ICR ISAT/ University of Hlamburg) 5. S "yaprakash, Sr Research Associate 
Piara Singh, Soil Scientist 

A.K.S. IIuda, Agroclimatologist 
K.1 . Salirawat, Soil Chemist Electron Microscopy 
T... Rego, Soil Scientist 
M.R. Rao, Agronomist (until .lul) 
M.S. Reddy, Agronomist (on leaveM 
M. Natarajan, Agronomist (on sabtmatic from Mar) 
A. Rar akrishna. Agronomist (from Oct) 	 Genetic Resources 
C.S. Pawar, Entomologist 
A.A.H. Khan, Engineer 	 M.H. Mengesha, Principal Germplasm Botanist 
R. Tabo, Postdoctoral Fellow (from Jul) 	 aid Program Leader 

W.H. Skrdla, Gcermplasm Botanist (until Feb) 
Engineering Group K.E. Prasada Rao, Sr Botanist 

R.P.S. Pundir, Botanist 
K.B. Laryea, Principal Soil Physicist 	 V. Ramanatha Rao, Botanist 
1. Takenaga, Principal Agricultural Engineer S. Appa Rao, Botanist 
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P. Remanandan, Botanist 
T.R.K. Satyanarayana, Adm Officer 

Plant Quarantine 

B.K. Varina, Chief Plant Quarantine Officer
 
Upendra Ravi, Sr Research Associate
 
N. Rajamani, Sr Adin Officer 

Fellowships and Training 

D.L.Oswalt, Principal Training Officer 
A.S.Murthy. Sr Training Officer (until Mar) 
B. Diwakar. Sr Training Officer 
T. Nagur, Sr Training Officer (on sabbatic until May)
S.K. Dasgupta, Sr Training Officer (on sabbatic from Nov)
Faujdar Singh, Training Officer 
V.S. Raju, Sr Secretary 

Information Services 

HI.. Thompson, Head (until Mar) 
D.A. Fuccillo, Head (from Jhn) 

..B.Wills, Research Editor (Acting Head Mar-Jun) 

Susan D. Feakin, Research Editor 

S.M. Sinlha, Ass[ Manager, Art arid I'roduction 
D.R. Mohan Raj, Editor 
Madhi Reddy. Editor 

J.1..Abraham. Editor 

I.S. Duggal Sr Photographic Supervisor 
G .K. G uglani, Sr A rt Visualizer 
T.R.Kapoor, Sr Composing Supervisor 
A. Antonisamy, l'rintshop Supervisor 
N.V.N. Chari, Adni Officer 

Statistics 

B. Gilliver, Principal Statistician (until Oct)

Murari Singh, Statistician 


Computer Services 

J.W.Estes, Computer Services Officer 
S.M. lutra, Manager (Computer Services) 
J. Sai Prasad, Asst Manager (Computer Services) 
T.B.R.N. Gupta, Sr Computer Programmer/Analyst 
C. Kamneswara Rao, Computer Programmer/Analyst 
S.V. Nanda Kishore, Computer Programmer/Andyst 
J. Gnanasekharan, Computer Programmer/Analyst 

Library and Documentation Services
 

L.J. Haravu, Manager 
P.K. Sinha, Sr Documentation Officer 

P.S. Jadhav, Sr Library Officer 
S. Prasannalakshmi, Library Officer 

Housing and Food Services 

G.W. Conover, Manager 
S. Mazumdar, Asst Manager (Food Services) 

B.R. Revathi Rao, Asst Manager (Housing)
 
l).V. Subba Ran, Asst Manager (Warehouse)
 

Physical Plant Services
 

V.P. McGough, Manager 
P. M. Menon, Asst Manager (Adinn) (tintil Feb) 
Sudhir Rakhra, Chief Engineer (Civil)
 
I). Subramaniarn, 
 Chiefl-ngiieer (Electrical) 
C.K. Belliappa. Ass[ Manager (Workshop) 
S.K.V.K. Chari, Sr Engineer (Electronics and
 

Instrumentation) (on study leave)
 
N.S.S. 	Prasad, Sr Engineer
 

(Electronics and Instrumentation)
 
A.R. Das Gupta, Sr Engineer (Communication) 
D.C. Raizada, Sr Engineer (Airconditioning) 
D.V.S. Verma, Engineer (Machineshop) (until Feb)
R. Thiyagarajan Engineer (Automobiles) 
R . i g h ,Engineer ( a u pme s)
 
AN. Singh, Engineer (Heavy Equipment ard Tractors)
 
S.W. Quadar, Engineer (Office Equipment) 
K.R.C. Bose, Engineer (Civil) 
S.P. Jaya Kumar, Adm Officer (from Aug) 

Farm Development and Operations 

S.N. Kapoor, Acting Farm Manager 

S.K. Pal, Sr Plant Protection Officer 

K. Ravindranath, Sr Engineer (Farm Machinery) 
M. Prabhakar Reddy, Sr Agricultural Officer 
N.V. Subba Reddy, Sr Horticulture Officer 
M.C. Ranganatha Rao, Sr Engineer 
S. Abid Ali Khan, Agricultural Officer 
C. Rama Reddy, Agricultural Officer 
Akbar Pasha, Engineer 
K. Santhanam, Asst Manager (Admn) (until Aug) 
T.A. Krishnamurthi, Sr Adm Officer (from Aug) 
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West Africa Programs 	 S. Lingani, Adm Asst. Accounts 
B. Ouedraogo, Adm Asst, General Services 

ICRISAT Sahelian Center, Niger 

C.R. Jackson, Director, ISC (until Mar) 	 Mali 
R.W. Gibbons, Executive Director, West African 

Programs and Dircctor,ISC (from May) J.F. Scheuring, Principal Cereals Breeder (until May) 

K.F. Nwanze, Principal Millet Entomologist (on S.V.R. Shetty, Principal Agronomist and Team Leader 

sabbatic until Oct) 	 N.F. Beninati, Principal Sorghum Breeder (from Nov) 

C. 	Renard, Principal Agronomist and Team S. lour , Adm Asst 

Leader, Resource Management Program I. Kassarobara, Research Associate (Sotuba) 

K. 	 Anand Kumar, Principal Millet Breeder and A. Coulibaly, Research Associate (Cinzana) 

Team leader, Millet Improvement Program 
S.O. 	Okiror, Principal Millet Breeder/ Regional 

Trials Officcr Southern Africa Programs 
B.B. 	Singh, Principal Millet Breeder. (Maradi) 

(until Mar) SADCC Regional Sorghum and Millet 
J. Werder, Principal Millet Pathologist 	 Improvement Program, Zimbabwe 
M.V.K. Sivakumrar, Principal Agroclimatologist 
D.C.S. Spencer, Principal Economist (until May) 1..R. House, Executive )ircctor, Southern Africa (from Sep) 
M.C. 	Klaij, Principal Soil and Water Management and Iroject Manager, SAI)CC!ICRISAT Program 

Scientist W. Williams. Adin Officer (until .h1) 
C.A. 	Giroux. French Writer, Editor S. P. Ambrose, Regional Admr Officer (from May) 

.1). M arvaldi Project Ic opine nt Officer A.B. Obilana, Principal Sorghum Breeder 
P.G. Scrafini, Research Fari Manager 
).C. Goodman .r., Regional Adin Officer 

L.K. 	Fussell, Principal Miller Agronomist ).S. lislit, Station l)evelopmcnt and Operations Officer 
(on sabbatic from Oct) W.A..I. de Milliano, Principal Cereals P~athologist 

B. Ndunguru, Principal Groundnut Agronomist (from Sep) M. Osian/ai, Principal Cercals Agronomist (from Sep) 
B. (;illivcr, Irincipal Statistician (fron Nov) 	 K. lcuschner. P'rincipal Cereals Entomologist (from Dec) 
A. BHtiono, Principal Soil ('hemist (ICRISAT/ IFI)C) F. York, Farm Miager 
Nlaimouna 	S. Dicko. Principal Animal Nutritionist W.K. Morgan, Asst Adii Officer 

(ICR ISA'' ILCA) (on sabbatic from Apr) 
B.R. N'tarc, Principal Cowpea Ilteedcr Agronmroist 

(ICR ISAT/IITA) Regional Groundnut Improvement 
I.. Narch:is. Principal (ieneticist (ORIPSTO)M) 
S. Tostain, Principal Geneticist (ORSTOM) 	 Program, Malawi 
A. Tckete, Principal Aronomrist (IUniversity of 11olinheiin) 
T... St loutph,Sr Rescarch Asst Bock, Principal Groundnut Pathologist and 
1).Ouedraogo, Sr Research Asst i'eam L.cader 
Solange Delanne, Executive Asst, liaison S.N. Nigam, Principal Groundnut Breeder (until May) 
K.A. Moussa, Personel and Irarsport Officer 
I... Cachalo, Bilingual Secretary 
G. Oioba, Computer Programmer 
1).Koudogbo, Chicf Mechanic 

Burkina Faso 

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

K.V. 	Ramaiah, Principal Cereal Bre,;,.':Striga 
(on sabbatic until Aug) 

S.N. Lohani, Principal Millet Breeder 
P.J. Matlon, Principal Production Economist (until Aug) 
M.D. Thomas, Principal Sorghum Pathologist 
D.S. Murty, Principal Sorghum Breeder (from Jul) 



Acronyms and Abbreviations Used in this Annual Report
 

ACIAR Australian Centre for International Agricultural Research 
ACT 3 Late Maturity Arhar Coordinated Trial 
AGLN Asian Grain Legume Network 
AGLP Asian Grain Legume Program 
AGRHYMET Centre regional de formation et d'application en agromrtorologie et hydrologie 

operationnellc (Niger) 
AGRIS Information System for Agricultural Sciences and Technology 
AICMIP All India Coordinated Millets Improvement Project 
AICORPO All India Coordinated Research Project on Oilseeds 
AICPIP All India Coordinated Pulses Improvement Project 
AICRPA All India Coordinated Research Project on Agroforestry 
AICSIP All India Coordinated Sorghum Improvement Project 
ANRC Animal Nutrition Research Council (USA) 
APAU Andhra Pradesh Agricultural t niversity (India) 
APS DC Andhra Pradesh Seed l)evelopment Corporation 
ARC Agricultural Research Center (FEthiopia) 
ARC Agriculture Research Center (Syria) 
ARSHAT Asian Regional Sorghium Hybrid Adaptation Trial 
ARSVAT Asian Regional Sorghum Variety daptation Trial 
A RI Arhar Regional Trial 
AVT Advanced Variety Trial 
AWHC Available Water-Holding Capacity 
AYT Advanced Yield Trial 
BCT 1) Batan Cold Tolerant Population 
BLRV Bean Leaf-Roll Virus 
BNI) Bud Necrosis Disease 
BN)RVT Bud Necrosis Disease Resistant Varietal Trial 
BS1) Bulk Seed Descent 
hSEC Bold Seeded Early Composite 
CA1BI Commonwealth Acricultural Bureaux International (UK) 
CAN Calcium Ammonium Nitrate 
CDA Cooperation for I)evelopment in Africa 
CG IA P. Consultative Group on International Agricultural Research 
CGNET Consultative Group Network 
CG P RT Regional Co-ordination Center for Research and Development of Coarse Grains, 

Pulkes, Roots, and Tuber crops in the Htmid Tropics of Asia and the Pacific 
(Indonesia) 

CIBC Commonwealth Institute of Biological Control (Trinidad) 
CIEFL Central Institute of English and Foreign Languages (India) 
CILSS Comnit permanent interntats de lutte contre Ia scheresse dans le Sahel (Mali) 
CIMMYT Centro Intcrnacional de Mejoramiento de Maiz y Trigo (Mexico) 
C1RAI) Centre de cooperation internationale en recherche agronomique pour le d~ve

loppement (France) 
CMI Commonwealth Mycological !nstitute (UK) 
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CMS Cytoplasmic Male-Sterility
 
CPPTI Central Plant Protection and Training Institute (India)

CPR Common Property Resource
 
CRi DA Central Research Institute for 1)ryland Agriculture (India)

CRSP Collaborative Research Support Program (USA)

CTA Technical Centre for Agricultural and Rural Co-operation (The Netherlands)

CV Coefficient of Variation
 
cv cultivar
 
CVRC Central Varietal Release Committee (India)
 
DC Dwarf Composite
 
I)AE Days After Emergence
 
DAS )ays After Sowing 
DCP l)esi Chickpea
 
l)CP Dilution and Plate Counting Technique
 
DEC Digital Equipnent Corporation (USA)
 
1)M Downv Mildew
 
D RI Drought Response Index
 
-ACT Fxtra-early A rhar Coordinated Trial
 

EARSAM East African l 
1egional Sorghum and Millet (Network; and AoAsory Committee) 
EC 'lectrical Conductivitv 
EC Early Composite 
ElLC Elite Composite 
E 1ISA IEnzyic-linked Ininn0nosorhent Assay 
El. 1)N Elite Products Nurserv 
EMI" Early Maturing Back up Composite 
EM RC Educational Media Research Centre (India) 
E.PAY Early-mat urity Iigeonpea Adaptation Yield Trial
 
EP IT Early-miaturity l igeonpea International Trial
 
E:R Ergot-Resistant 
F RC Ergot-Resistant Composite 
ESI) Equal Seed l)escClt 
FV\IT IEarly Vegetable lPigeonpca International Trial 
FAO Food and Agriculture ()rgaii i/at ion of' the United Nations (Italy) 
III P1 Food I egureCs Improvement Program 
FSR Farming Systems Research 
GCVT (rain Coordinated Vat ietal Trial 
G LM Grond nut Leaf Miner 
G RAV Groundnut Rosette Assistor Virus 
GR9 Genetic Resources Unit 
GRV Greundrnit Rosette Virus 
GTZ Deutsche Gescllsehaft ftir TechnisChe Zusammenarbeit (Federal Republic of 

Germany) 
HAU Haryana Agricultural University (India) 
H PSVT Hand Picked Selection Varietal Trial 
HV High Volume (sprayer) 
HYV High Yielding Variety 
IAR Institute for Agricultural Research, Ahmadu Bello University (Nigeria)
IARC International Agricultural Research Center 



IARI 
IBPGR 
IBRAZ 
ICAR 
ICARDA 
ICAT 
ICCTr-DL 
ICCT-K 
ICHRN 
ICI1PE 
ICM IPES 
ICRISAT 
ICRRWN 
ICSN 
ICSN-DI 
ICSN-I)M 
ICSN-DS 
II)RC 

IF R 
IFI)C 
IF FCC) 
IITA 
II UC'RIRWN 
IIt IP MIRlS 
III PWR 
If.CA 

IMZAT 
IN FR A 
INRAN 
INSAI-I 
INISORMIL 

IPMlIMN 
11P M AT 
IPMEN 
IPMRN 
IPMSN 
IPWN 
IRAT 
IRHO 
IR RI 
ISC 
ISHAT 
ISMN 
ISRA 
ISSFN 
ISSN 
ISVAT 
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Indian Agricultural Research Institute
 
International Board for Plant Genetic Resources (Italy)
 
Institut burkinab de recherches agronomiqucs et zootechniqu,es (Burkina Faso)
 
Indian Council of Agricultural Research
 
International Center for Agricultural Research in )ry Areas (Syria)
 
International Chickpea Adaptation Trial
 
International Chickpea Cooperative Trial - Desi l.ong-duration
 
International Clickpca Cooperative Trial - Kabuli
 
International Chickpea Heliotlis Resistance Nursery 
International Centre of Insect Physiology and Ecology (Kenya) 
ICRISAT Millet Pathology Ergot Sib-bulk 
International Crops Research Institute for the Semi-Arid Tropics (India) 
International Chickpea Root Rots an(d Wilt Nurserv 
International Chickpea Screening Nurserv 
International Chickpea Screening Niirscry - I)esi long-dUiation 
International (hick pca Screening Nursery - lDcsi Med iunl-d uration 
International Chickpea Scrcening Nursery - l)esi Short-duration 
International )evelopment Research Centre (( '111rtda)
 
Institut d'economiic rurale ( Mali)
 
International Fertili/er )evelopmcnt Center (U.SA)
 
Indian Farmers Fertilizer C'ooperative Organisation 
International Institute o f Tropical Agriculture (Nigeria) 
ICAR ICRISAT Uniform Chickpea Root Rots and Wilt Nursery 
ICAR/ ICRISAT Uniform Trials of' Pigeonpea Sterility NIMosaic Resistance 
IC'AR, IC'RISAT Uniform Trial for Pigeonpea Will Resist'ance 
International Livestock Centre for Africa (FEthiopia) 
ICRISA] Pearl Millet Atrican Zonc-A Trial 
listitut national d',3tudes Ct de recherchcs agricoles ( Burkina Faso) 
Institut national de recherclhcs agronomiques dit Niger 
Institut (u Sahel (Mali) 
USAID Title Xil Collaborative Research Support Program on Sorghum and Pearl 
Millet (USA)
 

International Pearl Millet Downy Mildew Nursemy
 
International Pearl Millet Adaptation Trial
 
International Pearl Millet Ergot Nurserv
 
International Pearl Millet Rust Nursery
 
International Pearl Millet Sm1ut Nursery
 
International Pigeonpea Wilt Nursery
 
Institut de recherches agronomiques tropicales et des cultures vivri&es (France)
 
Institut de recherchcs pour les huiles ct olcagineaux (France)
 
International Rice Research Institute (Fhe Philippines)
 
ICRISAT Sahelian Center (Niger)
 
International Sorghu,m Hybrid Adaptation Trial
 
International Sorghum Midge Nursery
 
Institut shn galais de recherches agricoles (Senegal)
 
International Sorghuni Shoot Fly Nursery
 
International Sorghum Striga Nursery
 
International Sorghum Variety Adaptation Trial
 



LV 
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IVC 
IVSCAF 
JNKVV 
LAI 
LARSVYT 

LER 

LMBC 


LVP 

MC 
M FR 
M LT 
MOU 
MIPAY 
MPN 
MPSMWRY 
N 
NAA 

NARC 
N BPG R 
N DFRS 
NlI.C 
NIA1B 
NN 

NRA 
OAU 

ODA 

ORD 
ORSTOM 

P 

PARP 
PCV 
PE 
PEQIA 

PER 
PGRC/ E 
PMAHT 
PMAVT 
PM IHT 
PMIVT 
PMV 
PON 

PRL 
PRLN 
PRP 

PStV 
PYSV 


Inter Varietai Composite 
In Vitro Seed Colonization by Aspergillus Ilavus 
Jawaharlal Nehru Krishi Vishwa Vidyalaya (India) 
Leaf Area Index 
Latin American Rainfed Sorghum Variety Yield Trial 
Land Equivalent Ratio 
Late Maturing Backup Composite 
Low Volume (sprayer) 
Long-duration Vegetative Phase 
Medium Composite 
Multifactor Resistant 
Multilocational Trial 
Memorandum of Understanding 
Medium Pigeonpea Adaptation Yield Trial 
Most Probable Number 
Medium-duration Pigeonpea Sterility Mosaic Wilt Resistant Yield Trial 
Nitrogen 
Naphthalene Acetic Acid 
National Agricultural Research Centre (Pakistan) 
National Bureau of Plant Genetic Resources (India) 
National Dryland Farming Research Station (Kenya) 
New Elite Composite 
Nuclear Institute of Agriculture and Biology (Pakistan) 
Nearest Neighbor 
Nitrate Reductase Activity 
Organization for African Unity (Burkina Faso) 
Overseas Development Administration (UK) 
Organisme regional de dcvelopp wnt (Burkina Faso) 
Institut franqais de recherche sciezuifique pour le d~veloppement en cooperation 
(France) 

Phosphorus 
Partially Acidulated Rock Phosphate 
Peanut Clump Virus 
Potential Evapotranspiration 
Post-Entry Quarantine Isolation Area 
Protein Efficiency Ratio 
Plant Genetic Resources Center (Ethiopia) 
Pearl Millet Advanced Hybrid Trial 
Pearl Millet Advanced Variety Trial 
Pearl Millet Initial H;brid Trial 
Pearl Millet Initial Variety Trial 
Peanut Mottle Virus 
Pigeonpea Observation Nursery 
Prairie Research Laboratory (Canada) 
Potential R-Lines Nursery 
Parc-W Rock Phosphate 
Peanut Stripe Virus Disease 
Peanut Yellow Spot Virus 
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PVT Preliminary Variety Trial 
PYT Preliminary Yield Trial 
RBD Randomized-Block Design 
RC 1 estorer Composite 
RH Relative Humidity 
RLWC Relative Leaf-Water Content 
RMP Resource Management Program 
RSPVT Regional Sorghum Prelimina:-v Varietal Trial 
S Sulfur 
SADCC Southei n African Development Coordination Conference (Botswana) 
SAFGRAD Semi-Arid Food Grain Research and Development (Nigeria) 
SAT Semi-Arid Tropics 
SATCRIS Semi-Arid Tropical C.-ops Information Service 
SCRI Scottish Crop Research Institute (UK) 
SDI Selective Dissemin2tion of Information 
SM Sterility Mosaic 
SMIC Sorghum and Millets Information Center (ICRISAT) 
SMK Sound Mature Kernel 
SR Smut-Resistant 
SRC Smut-Resistan Composite 
SSP Single Superphosphate 
SVP Short-daration Vegetative Phase 
TAC Technical Advisory Cohimittee (CGIAR) 
TADD Tangential Abrasive Dehulling Device 
TDM Total Dry Matter 
TDRI Tropical Development and Research Institute (UK) 
TGMR Thresheu Grain Mold Rating 
TRP Tahoua Rock Phosphate 
TSP Triple Superphosphate 
TSWV Tomato Spotted Wilt Virus 
ULV Ultra-Low Volume (sprayer) 
'NDP United Nations Development Programme (USA) 

UNEP United Nations Environment Programme (US A) 
JNESCO United Nations Education, Scientific and Cultural Organization (France) 

UPN Uniform Progeny Nursery 
USAID United States Agency for International Development 
VAM Vesicular Arbuscular Mycorrhizae 
VLP Virus-Like Pai.icle 
VLS Village-Level Studies 
WADMON West African Downy Mildew Observation Nursery 
WADMVN West African Downy Mildew Variability Nursery 
WASHA- West African Sorghum Hybrid Adaptation Trial 
WASVAT West African Sorghum Varity Adaptation Trial 
WMO World Meteorological Organization (Switzerland) 
WTC Wheeled Tool Carrier 
WU Water Use 
WUE Water-Use Efficiency 



List of elite ICRISAT plant material issued in 1986
 
by the Plant Material Identification Committee (PMIC).
 

Original nam.: 

Sorghum cultivars/ varieties 

SPV 351 

SPV 386 

SPV 475 

PM 11344 

Sorghum hybrid 

CSH II (SPH 221) 

ICRISAT 
name 

ICSV I 

ICSV 2 

ICSV 112 

ICSV !97 

ICSH 153 

Pearl millet cultivars/ varieties 

WC-C75 ICMV I 

11V 8001 ICMV 2 
IBV 8004 ICMV 3.J 

ICMS 7703 ICMV 4 

ITMV 8001 ICMV 5 
ITMV 8002 ICMV 6 
ITMV 8304 ICMV 7 

Pearl millet male-sterile lines 

81A 
813 
843A 
843 B 
842A 
842B 
834A 
834B 

Pearl millet inbred lines 

ICMPE 13-6-27 
ICMPE 13-6-30 
ICMIPE 134-6-25 
ICMPE 134-6-34 

ICMAI 
ICMB I 
ICM;s 2 
ICMB 2 
ICMA 3 
ICMB 3 
ICMA 4 
ICMB 4 

(ML I 
ICML 2 
ICML 3 
ICML 4 

Release 
name 

CSV II 

ZSV I 

SV I 

-

CSH I1 

WC-C75 

-

ICMS 7703 

ITMV 8001 

Justification, Present status Notice 

Released cultivar in India (1984). 84/8
 

Released cultivar in Zambia (1983) 84/15
 

Released cultivar in Zimbabwe (1985). 86/I
 
Prerelease in India.
 

Resistant to sorghum midge 86/2
 
(('ontarimasorghicola). 

Released cultivar in India (1986). 86/3 

Released cultivar in India (1982). 84, 1 

High-yielding cultivars in prerelease 84/2 
stage in Senegal. 84/2 

Released variety in India (1985). 86/4 

" 86/5 
ITMV 8002-- Released cultivars in Niger (1985). 86/6 
ITMV 8304 

-


-


-


-


-


-


-


-


-


-


-


-


9 86/7 

86/8 
86/8 

New male-sterile lines for the 84/3 
production of new hybrids. 84/3 

84/3 
84/3 
84/3 
84/3 

84/4 
Sources of resistance to ergot 84/4 
(Clavicepsflisiformis). 84/4 

84/4 

Continued 
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Original name 

SSC FS 252-S-4 
ICI 7517-S-1 

EBS 46-1-2-S-2 
EB 112-1-S-I-I 
NEP 588-5690-S-8-4 
P 489-S-3 

IP2696-1-4 

P7 
SDN 503 
700251 
700516 

700651 


700481-21-8 

IP 537 B 

IP11776 (Souna Mali) 

IP2084-I 

P 24 

1)212-P1 


ICRISAT 
name 

ICML 5 
ICML 6 
ICMI- 7 
ICM L8 
ICML 9 
ICML 10 

ICML II 


ICML 12 
ICML 13 

ICML 1 
ICML 15 

ICML 16 


ICML 17 

ICML 18 
ICMIL 19 
ICML 20 
ICMI. 21 
ICMI 22 

Release 
name 

-


-


-( 

-


-


-


-

-
-

-

-

-

-

-

-

-

-

-

Pearl millet populations (sibs of sister line:;t 
ICMPES I ICMP I -
ICMPES 2 ICMP 2 -
ICMPES 28 ICMP 3 -
ICMPES 32 ICMP 4 -

Chickpea cultivars/varieties 

ICCC 4 ICCV I ICCC 4 

ICCL 82001 ICCV 2 -
ICCL 83006 ICCV 3 -
ICCL 83004 ICCV 4 -
ICCL 83009 ICCV 5 -

ICCC 32 ICCV 6 -

ICCX 730 00 8-8-1-j P ICCV 7 -
-BP-8EB 

Justification/ Present status Notice 

84/5
Sources of resistance to smut 84/5

Thl'posloriuu, .oeniiklriae). 84/5 
84/5 
84/5 
84/5 

Source of resistance to rust 84/7 
(Puctciniapeaiseti)controlled 
by a single dominant gene. 

84/13
Sources of resistance to downy mildew 84/13 
(Sckrospcragraminicola). 84/13 

84/13 
84/13 

84/14 
84/14

Sources of resistance to rust 84/14
(Pucciniapenniseti). 84/14 

84/14 
84/14
 

Sources of combined resistance 84/6
 
Zo ergot 
 84/6
smut (Tl'posporium penicillariae),and 84/6
do%%ny mildew (Sc/erosjora graminicola). 84/6 

Released cultivar in Gujarat Suite, India (1983). 84/9 

84/10
Combine acceptable kabuli seed type with 84/10

wilt resistance and short-duration. 84/10 
84/10 

Prerelease in Central and Northwest Plain 86/Il
 
Zones of India.
 

Identified by AICPIP as donor parent for 86/12
 
Ih'Iiotis armi'eraresistance.
 

Continued 
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Original name 
ICRISAT 

name 
Release 
name Justification/ Present status Notice 

Pigeonpea cultivars/varieties 

ICP 8863 

ICPL 87 

ICPV I 

ICPL 87 

Maruti 

Pragati 

Recommended by AICPIP as source of 
resistance to wilt ("usarium lulum). 

Released in Karnataka State, India (1985). 

Short-duration, high-yielding variety. 
Released in India (1986). 

84/11 

86/9 

ICPL 151 ICPL 151 Jagriti Short-duration, high-yielding variety. 
Prerelease in India as Jagriti. 

86/10 

Pigeonpea male-sterile line 

MS4A ICPM I - Source of transluscent anther type of 
genetic male sterile. 

84/12 

Groundnut cuitivars/varieties 

Robut 33-1-7-4 

Robut 33-1-18-8-1I1 

ICGS I 

ICGS II 

-

ICGS II 

A selection from ICGS I released as 
Spring Groundnut 84 in Punjab State, 
India (1986). 

Released for postrainy-season cultivation 
in Central and Peninsular India (1986). 

86/13 

86/14 


