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Cover: A well-managed field of the high-yielding pearl millet, CIVT, at ICRISAT 
Sahelian Center, Niger, shows the potential of research to improve crop production in 
the region. 
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ICRISAT's Objectives 

ICRISArs mandate is to: 

I. Serve as a world center for the improvement of grain yield and quality of sorghum, millet, 
chickpea, pigeonpea, and groundnut and to act a; 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 workshops and confer
ences, operating training programs, and assisting extension activities. 



About This Report 

This Annual Report covers the 1985 calendar year. It includes work done at ICRISAT Center near Hyderabad, India, at research stations on the campuses of agricultural universities indifferent climatic regions of India, and at national ard international research facilities in ninecountries of Africa, Mexico, Syria, and Pakistan where ICRISAT scientists are posted.Pertinent agrcclimatic information is presented in a new section entitled Agroclimatic
Environment. 

The crop improvement programs are presented as interdisciplinary reports on problemareas to better reflect the interactive nature of our scientists' work. For the first time the workof our Farming Systems and Economics programs is presented as a single section on ResourceManagement following their merger towards the end of 1985. Research by our scientists andcooperative programs outside India is reported with the relevant crop or discipline. Detailedreporting of the extensive activities of ICRISAT's many research support units is beyond the scope of this volume, but a comprehensive coverage of ICRISAT's core research programs isincluded. More details of the work reported here are given in individual program publications,
available from the research program concerned. Offprints of individual sections of this
Annual Report also are available from the programs.

ICRISAT now uses Systeme international d'unites (SI) in its publications. Throughout thisReport, the variability of estimates is shown by including standard error (SE); on graphsrepresenting the mean of several observations, the standard error is shown by a bar (I). Indiscussing levels of probability in the text, significance is generally mentioned at the 5%level;where the level differs, it is indicated parenthetically. Levels of probability are shown in tables
by asterisks: * for P<0.05, ** for 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 NaHCO 3 as the extractant. 

A listing of ICRISAT plant materials named by ICRISAT Plant Material Release
Committee appears at the end of this Report. 
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Introduction
 

For ICRISAT, 1985 was a year of consolidation and progress. Suggestions 
from two external reviews in 1984 were implemented. Research on all five 
ICRISAT mandate crops was given a more strategic and sharper focus. Efforts 
to support national programs through training and long-term research were 
strengthened, at ICRISAT Center and at our regional programs and projects, 
particularly in Africa. 

We moved further toward a cooperative network involving national, 
regional, and international institutions. The ICRISAT Sahelian Center (ISC) 
in Niger and the regional cereals improvement project in Zimbabwe stepped up 
cooperative research activities in western and southern Africa. 

A successful meeting was held in September to explain to donors' representa
tives ICRISAT's work in West Africa and obtain support and assistance for 

It A 

The President of Niger (left) discusses the problems relating to agriculture in Niger with the ICRISAT 
Director General (center) and Acting )irector, ISC (right). 
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An ICRISAT Center scientist (kneeling) explains to donors' representatives his research on symbiotic
fungal effects on crop growth in the Sahel. 

funds to build the ISC. The meeting focused on the harsh environmental 
conditions of the Sahel and the prospects of improving agriculture there. The 
donors' representatives met again in October and several donors came forward 
with positive responses to fund ISC. 

ICRISAT received further encouragement when the Director General and 
the Acting Director, ISC, were received in audience by President Seyni
Kountchd of Niger. The President expressed his great concern for improving
the production and productivity of agriculture in his country. He expressed his 
appreciation of ICRISAT's efforts to establish ISC and assured the Director 
General of his Government's strong commitment to the efforts. He hoped the 
ISC would be able to increase production of pearl millet, cowpea, and ground
nut in Niger by exploiting the country's underground water resources. 

On the research front, ICRISAT continued to combat the major yield
reducers-drought and other physical stresses, diseases, and insect pests-of
its mandate crops. We confirmed that techniques developed earlier for screen

x 



ing resistant materials were efficient, identified new resistant materials, and 
better understood the mechanisms of genetic transfer. We also studied bacteria 
and symbiotic fungi that can aid crop growth and showed how they can be used 
to benefit crop yield. 

Three scientists working at ICRISAT Center spent 4-6 weeks individually in 
Africa, relating the problems there with their experience in India. One scientist 
established a downy mildew field nursery in Mali, drawing upon his experience 
in reducing the losses due to the major crop disease of pearl millet in India, and 
trained Malian technicians for this work. Another scientist, exploring the 
relevance of mycorrhizal symbiosis in improving crop production and agrofor
estry in the semideserts of Rajasthan, India, has projected the importance of 
mycorrhizal symbiosis in improving crop production in the Sahel, through 
field studies of the low-phosphatic soils of Niger. Because West Africa abounds 
in phosphate-ore deposits, the use of vesicular arbuscular mycorrhizae coil
bined with rock phosphate might be an economical alternative to commercial 
fertilizer for increasing pearl millet production. A third scientist, with consider
able knowledge on the problems of seedling emergence in drought-affected 
areas of Andhra Pradesh and Rajasthan, India, employed similar methods to 
study the effect of soil temperature on survival of pearl millet after seedling 
emergence in the Sahel. This helped us better understand some causes of poor 
stand establishment in the Sahel. 

Crop lines developed or improved by ICRISAT scientists were released or 
recommended for release to farmers in many parts of the semi-arid tropics. 
Prominent among them was ICGS I l--the first ICRISAT groundnut to be 
released in India. In earlier trials, ICGS II yielded 25-40% more than the local 
varieties. Another ICRISAT cultivar, ICCC 32--the first kabuli chickpea 
resistant to fusarium wilt and released in India's Central Zone in 1984
outyield2d the control cultivar by 30% this year in farmers' fields in Madhya 
Pradesh, India. This year, ICCC 32 was also identified for release in India's 
Northwest Plain Zone. An ICRISATpigeonpea line ICP8863(ICPV 1), witha 
high degree of wilt resistance was released in Karnataka, India. ICP 7035, 
another ICRISAT pigeonpea line, with utility as a vegetable, was released 
under the name Kamica in Fiji. Yet another ICRISAT pigeonpea line ICPH 8, 
the first short-duration hybrid, accepted by AICPIP for all India coordinated 
trials, yielded 25% more than the control in mt.'..ilocational testing. 

Many other crop lines reached advanced stages of prerelease testing, and we 
continued to provide breeding materials to scientists in the national programs. 
Taken together, they can contribute substantially to improved crop production 
in the semi-arid tropics. 

The impact of ICRISAT-developed crops is being acknowledged. In India, 
the Secretary, Union Ministry of Agriculture and Rural Development, in a 
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An ICRISAT scientist briefs visiting farmers at ICRISAT Center on JCGS I!, the first ICRISAT 
groundnut recommended for release in Indiat. 

public meeting praised ICRISAT for the release of its downy mildew resistant 
pearl millet variety WC-C75 (ICMV 1), which he said had saved India's pearl 
millet crop from disaster in 1985. This variety, a product of population 
improvement breeding at ICRISAT, was released to farmers in 1982, and is 
now being grown by farmers in all millet-growing areas of India. It yielded as 
much grain as hybrid BJ 104 and gave 15% more fodder. It also has excellent 
resistance to downy mildew, and has not been seriously attacked by smut or 
ergot. 

Similar efforts were made to increase crop production in West Africa by
ICRISAT scientists. A sorghum breeder went from ICRISAT Center to screen 
a large amount of ICRISAT material, including germplasm accessions, elite 
varieties, preliminary hybrids, and male and female parents, at three locations 
in Burkina Faso for sources of resistance to various stress factors. He found 
material that exhibited potential disease resistance and good agronomic traits 
in the West African environments. He collaborated there with an ICRISAT 
Center sorghum pathologist in selecting disease-resistant material for further 
testing in West Africa. 

xii 



Research progressed on ways to improve management of available resour
ces. Some practices evolved at ICRISAT can be quickly transferred, and other 
findings gave useful insights for long-term planning. Analysis of data from 
socioeconomic studies in India and countries of Africa led to valuable inferen
ces. Work on farming systems and socioeconomics was merged in 1985 into a 
new program ca!led Resource Management to infuse a better perspective into 
these related areas of research. 

The gene bank at ICRISAT Center added 3505 new accessions of its five 
mandate crops and 105 of minor millets and distributed 54 434 packets of seed 
samples all around the world in response to requests. Over 85 000 germplasm 
accessions of our five mandate crops and minor millets, representing 119 
countries, are now well maintained and conserved in the ICRISAT gene bank. 
They are readily available to all crop improvement scientists. 

Training activities by scientists at ICRISAT Center and those stationed in 
various African countries touched a new peak in 1985. As many as 195 trainees 
were at ICRISAT Center in programs designed to match individual needs 

Trainee economists from Africa try out a blade harrow in a Maharashtra village, where ICRISAT 
conducts village-level studies, as part of their in-service training. 
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A soil scientio at the ISC explains the capability of iistruments used to determine soil moisture levels to 
participants of the international symposium on arrometeorology of groundnut. 

within the Institute's mandate. In addition, more than 15 students from four 
countries worked with ICRISAT scientists in Burkina Faso, Mali, and Niger. 

Our research perspectives were improved during 1985 through five interna
tional conferences, symposia, and other meetings, sponsored or cosponsored 
by ICRISAT. For instance, the first major international symposium held at the 
ISC, on the agrometeorology of groundnuts, helped ICRISAT scientists work
ing on groundnuts as well as on resource management to review their under
standing of agrometeorological factors that influence the growth and 
development of groundnuts. Cosponsored by the WMO, FAO, Peanut CRSP, 
and ICRISAT, in cooperation with INRAN, the discussions gained impor
tance as changes in the climate and weather over the past two decades, particu
larly in West Africa, have led to changes in varietal recommendations. 

Another conference held in collaboration with IBSRAM focused on 
improving crop productivity through better management of Vertisols. Interna
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tional meetings were held on agroforestry research in the semi-arid tropics, on 
collaborative research on groundnut rosette disease, and on Asian grain 
legumes. Apart from these, seven regional workshops relating to specific 
regions of the semi-arid tropics were held. Field days were organized at 
ICRISAT Center on pearl millet, sorghum, and groundnut to benefit scientists 
who came from all over the world. 

Seven senior agricultural scientists and research officials from eastern and 
southern Africa visited ICRISAT as part of an Indian tour of agricultural 
research institutions sponsored by ICAR and ICRISAT. 

More than 12000 persons visited ICRISAT Center during 1985. The ISC 
received more than 350 visitors in the same period. A special farmers' day 
organized at ICRISAT Center benefited a group of nearly 500 farmers from 
Andhra Pradesh, while a similar occasion at ISC brought together 150 farmers 
from four ICRISAT study villages. Prominent among visitors to ICRISAT 
Center were the Indian Union Minister of Agriculture and Rural Develop
ment, Agriculture Ministers of Andhra Pradesh and Karnataka, and Ambassa

p4 
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Senior scientists and officiels from eastern and southern Africa, on a tour cosponsored by ICAR and 
ICRISAT, listen to an ICRISAT International Intern (extreme right)describe his work on insect pests of 
stored groundnuts. 
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Visiting farmers at ISC show interest in intercropping trials witi sesbania/cowpea (left) and millet/cow
pea (right) on Farmers' Day. 

dors to India from Japan and the Federal Republic of Germany. Prominent 
visitors to ISC included the Swiss Ambassador and the Director of the Swiss 
Development Cooperation and Humanitarian Assistance, the Ambassadors of 
Belgium and China, and the delegate of the European Economic Community.

Encouraged by our research achievements in 1985, we look forward to
further assisting farmers in improving crop production in the semi-arid tropics
in the years to come. 

w a" 

J.L. DillonChairman, Governing Board L.D. SwindaleDirector General 
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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, and 
at ICRISA'I Sahelian Center in Niamey, Niger 
with important contributions from ICRISAT 
scientists posted at cooperative stations in India, 
in eight other African countries, and in Mexico, 
Syria, and Pakistan. As a background to our 
research reports, this section presents a brief 
description of the environments where our re-
search is conducted and includes rainfall and 
temperature data for most of those locations, 

India 

ICRISAT Center 

The Institute is located at 180N, 780E near 
Patancheru 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 (AW HC) of 
60-100 mm, and Vertisols (black soils), which 
have high AWHCs of 180-230 mam. The avail-
ability of both soil types provides an opportunity 
to conduct experimental work on our five man
date crops under conditions representative of 
many SAT areas. 

Seasons. Three distinct seasons characterize 
much of india. In the Hyderabad area the rainy 
season, also known as the monsoon or kharif, 
usually begins in June and extends into early 
October. More than 80% of 764 mm average 
annual rainfall falls in those months, during 
which the rainfed crops are raised. The postrainy 
winter season (mid-October through .January), 
also known as the postmonsoon or rabi, is dry 
and cool and days are short. During this peri:,d 

crops can be grown on Vertisols on stored soil 
moisture. The hot, dry, summer season lasts 
from February until rains begin again in June, 
and any crop grown in that season requires 
irrigation. 

Crops. The five ICRISAT crops have different 
environmental requirements that determine where 
and when they are grown. In the Hyderabad 
area, pearl millet and groundnut are sown on 
Alfisols during June and Jluly at the beginning of 
the rainy season; at ICRISAT Center, additional 
generations are grown in the dry season under 

irrigation. Pigeonpea is generally sown at the 
beginning of the rainy season and continues to 
grow through the postrainv season; to provide 
additional genetic material for our breeding 
program, we plant an irrigated crop of short
duration pigeonpea in )ecember. As in normal 
farming pratice, two sorghum crops a year can 
be grown at the Center, one during the rainy 
season and the other on Vertisols in the post
rainy season. Chickpea, a single-season crop, is 
grown during the postrainy season on residual 
moisture on Vertisols. At ICRISAT, as in nor
real farming practice, intercropping and relay 
cropping of our mandate crops is common. 

Weather. Annual rainfall in 1985 was 557 mm, 
27% less than the average 764 mm. The rainy 
season total (.lune to October) was 477 mm 
against the normal 653 mi. Rainfall in August 
was only 46 nm, the least since 1972. The 
drought affected all the ICRISAT crops this 
year, low rainfall reduced yields in both medium 
duration and rainfed short-duration pigeonpeas, 
groundnut yields were low in the rainy season 
trials at ICRISAT Center and most other sites. 
Daily maximum temperatures were below aver
age in July and October, while daily minimum 
temperatures were above average in January. "21 
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ICRISAT Center, India 1985 
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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. 

Anantapur (I5'N,562 mill rainfall)---a drought-
prone area where we screen pearl millet, sorghum. 
and ground nut under low rainfall conditions in 
the rainy seasons on AIfisols (AWHC 50 mm). 
The 1985 weather conditions were ideal for test
ing responses to mid-season stress. Annual rain
fall was 394 mam, 30% below the average. Severe 
stress occurred in our ,tne-sown pearl millet 
trial. Because of the very low August and Sep-
tember rainfall trial yields averaged only 300-400 
kg ha-'. There was good rainfall in October, 147 
mm, 34% above the monthly average of 110 mm, 
so the late (September) sown pearl millet trials 
yielded well (1400 kg ha-') even though little rain 
fell after flowering. Daily maximum tempera-
tures were generally higher than the average 
while daily minimum temperatures were lower 
than the average only in October and November. 

Month 

Bhavanisagar (I PN, 574 mm rainfall)-where 
we screen sorghum for diseases and pests and 

test pearl millet on Alfisols (AWHC 80mm), at a 
daylength analog similar to the Southern Sahe
lian bioclimatic zone of Africa. Annual rainfall 
in 1985 was 499 below avrage, andram, 13(,i 

34% percent of the annual rainfall fell in Sep
tember. Both daily maximum and minimum air 
temperatures were above average. 

Bha..nisagar, India 198S 
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Dharwad (15'N, 818 mm rainfall)-an espe
cially good Vertisol (AWHC 150 mm) site for 
pest and disease screening, e.g., screening sor
ghum for downy mildew. The annual rainfall in 
1985 was 552 rm, 33% below the average, 47% 
of it fell in August and October. September rain
fall was only 13 mm against the monthly average 
of 103 rm.Daily maximum temperatures were 
below average only in July and October. 
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Gwalior (26° N , 899 mm rainfall) an area on 
Inceptisols (AWlIC 150 nm), where most of 

India's long-d uration pigeonpea crop is grown. 
Rainfall received during the rainy season (.June-
October) in 1985 was X73 m.n, 4% above the 
average 843 ini. )aily ini niiniu temperatures 
were lower th1iain avcrage. 
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Hisar (29' N. 447 nmii rainfall) where chickpea 
and pearl millet are tested under the climatic 
conditions in which they are mostly grown, arnd 
short-duration pigeon peas ;ire tested in a region 
where they are increasingly being grown in rota-
tion with wheat. The soils are Entisols with 150-
200 ino AWHC. Annual rainall in 1985 was 456 
mim, of which 45,' fell in August. This heavy 
rainfall caused considerable watcrlogging and 
damage to the pigeonpea crop. As a result many 
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trials were abandoned. Daily maximum and 
minimum temperatures were generally lower 

average. 
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Niger 

ICRISAT Sahelian Center 

ICRISAT Sahclian Center (ISC) is our 
research base for millet and groundnut 

and tile farning 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 kill souith of'Nialuney. 

The experincnial farm. extending over 500 liec
is covered by reddish colored, friable,saindv soils (AWIt(I 50-75 am) with low native 

fertility and low organic matter. 

The clinmate of the area is character

ited by a June to September rainy season and a 
dry season ti roughiout the remainder of the year. 
The average ariniual rainfall (570 toni)at Niamey 
is irregular and norinally comes in the form of 
convective storms. The rainy season is short 
(about 90 days) during which periodic droughts 
are riot lliicoinmon. Di riuring tile dry season peri
ods of"harniattan" winds bearing dust from the 
north and east occur. The temperatures are 
warm year round and average 29' C. 

Crops. The main crop grown in the Niamey 
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region is short-duration millet (90 to 110 days varies from 30 to 100 mm. The annual rainfall in
duration) which is sown with the rainsfirst 1985 was 573 mm, 20% below the average.
towards the end of May and June. To advance Eighty-two percent of the annual rainfall was
generations and to help in seed multiplication, received in July, August, and September. Dailyan irrigated off-season nursery is grown from maximum temperatures were (1-5°C) above
January to April. Intercropping millet with average and daily minimum temperatures were 
cowpea is common. Cowpea is normally sown (I-6'C) below average except in January.
between the millet rows 2 to 3 weeks after the 
millet emerges by which tinri the rains occur 4 . 400 
more frequently in this region. 

. 

Weather. Rainfall in 1985 was 5-,5 rm, 4% 33- --

below the average of 570 mam, but 26% above 
average in Autgust. Daily maximunI tempera- .
 
tures were generally lower than average, while 2, 20 
daily m1lin1imunm temperat tires were above aver- , / - "- . 

age except in October. I : / ., 

0_- -

0
 

.S,..M a. 

30 
 Month 

E 

L Mali 
/ .. 200-

L 
S " >*,-- Sotuba near lamako (13'N, 8°W, 1075 mmrainfall) where ve areevahating different crops- ",00 
 and cropping systems to identify efficient land

use systems for the Sudanian biocl imatic zone. 

--- N The length of the cropping season is about 140 . . . .0days from May .June to October,'November.
Sorghum, maize, groundnut, and millet are 
major crops. Soils are tropical ferruginous,Burkina Faso 

Month 

Kamboinsi (130 N. 2' W. 716 mm rainfall) in 
the Sudanjan bioclimatic /one, where ICRI- . 
SAT's principal work is on sorgliuni with par-
ticular eniphasis o i Strj'*L resist arice, millet, and Li 

/300 

socioeconomic studies in \illagcs. The length of' 
tie cropping season is about 120 davs from 
June/J uly to October Novern ber. Sorghum, ril-

2 
L :.-

E 

0o 
I 

let, maize, groundiuts and cowpea arc the major 
crops in the region. Soils vary from gravelly - o00 
sandy loans to silty Ioarns depending on their 
position in the toposcqueccc. The depth of the 
so il profile over laterite ranges from 0.3 in to 1.2 
m on the lower slopes. The AWHC of the soils 

. N A M j j P N 0 
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leached to hydromorphic types (loam and clay Malawi 
loam), with AWHC 150-200 mm. This year the 
total annual rainfall (907 mm) was 16% below Chitedze (14'S, 34°E, 957 mm rainfall)-where 
the average. 
 our Regional Groundnut Improvement Program 

for Southern and Eastern Africa is based. Chi-
Cinzana (13' N, 6° W, 700 mm rainfall)-in the tedze, located on the Lilongwe plain, has a tropi-
Southern Sahelian bioclimatic zone, where we cal continental climate with one rainy season 
conduct research on sorghum, millet, and agro- from October! November to March/April. Maize, 
nomic practices associated with these crops. The tobacco, groundnut are some of the important
length of the cropping season is about 120 days crops. Rainfall during the growing season (No
from June/July to September/October. Millet, vcember 1984 to April 1985) was 1063 mm, 16% 
cowpea, groundnut, and sorghum are major above the long-term average (920 mm) and 53% 
crops. Soils are tropical fcrruginous, some humus- higher than that recorded in 1983/84 (683 mm).
bearing hydromorphic loams and sandy loams There were no dry spells and consequently daily
(AWHC 120-150 mam). Rainfall in 1985 was 566 sunshine hours (5.7 11)were lower than those 
mam, 19% below the average, during the previous season (6.6 h). 

Nigeria 
44 vd~e.z 1984 /85,_M.i In- 400 

Samaru ( I I0 N, 8' E,1133 mm rainfall)-where 
our breeder posted at the Institute of Agricultur
al Research works on pearl millet. 3 300 

Senegal .20
 

Bambey (15 N, 16' W, 634 mm rainfall) -where E , .i"i 
the emphasis is on developing improved millets. j00 w 

Sudan 0 N .j A. " a 

Month
 

Wad Medani (14'N, 33'E, 373 mm rainfall) 
where the major emphasis has been on develop
ing sorghums that can withstand drought, and El Zimbabwe 
Obeid (13' N 30' E, 418 mm rainfall), where our 
millet research is being carried out. Matopos near Bulawayo (20'S, 29°E, 588 mm 

rainfall)---where our cereals improvement pro
gran for the nine African countries of the 

Kenya SADCC region is based at Matopos Research 
Station. Sorghum, millets, maize, and cowpeas

Nairobi---( lS, 370E, 1066 mm rainfall), the are important crops in the region. The growing 
center of an ICRISAT regional network testing season is from October/ November to March/
sorghum and millet in four major agroecological April. Soils range from sandy soils with AWHC 
zones: high, intermediate and low elevations, 60 am, to deep clayey soils, with AWHC 180 
and very dry lowlands. Because of the large am. Rainfall from September 1984 to August
number of network locations it is not pertinent 1985 was 552 mm, and 67% of the total fall was 
here to give their agroclimatic details. received in November, December and January. 
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Maopos. Zimbabe 1984/85 
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Syria 

Tel Hadya near Aleppo (360N, 37°E, 340 mm 
rainfall) -where our staff work with ICARDA 
on kabuli type chickpea for spring or winter 
sowing in the Mediterranean region, and South 
and Central America. The crop season is from 
November to .une. Soils are deep red to heavy 
black (AWHC 80-120 im). Wheat, barley, 
chickpea, lentil, and faba bean are important 
crops in the region. 

Rainfall from September 1984 to August 1985 
was 372 am, 10%i above the normal of 340 mm. 
This was the coldest year in the last 50 years. 
Forty-one nights had temperatures below 0°C 
the lowest being -9.8°C. The most severe cold 

1Tel H jJuM. Syria 1984/85 0 

33- ' 300 

L-El 
L 

: 

.0 

0 N_ o 
Monih 

spell was between 20 February and 15 March. 
After the cold spell the weather was dry and 
unusually hot. These conditions were very unfa
vorable for the development and spread of 
chickpea ascochyta blight, the development of 
Orobanche,and leaf miner populations, so many 
screening trials did not produce useful results. 
However, the extreme cold meant that a great
deal of chickpea material could be screened for 

cold tolerance. 

Pakistan 

Islamabad--(34'N, 73°E, 1116 mm rainfall), 
where the emphasis is research on developing 
chickpeas resistant to ascochyta blight. Annual 
rainfall in 1985 was 1347 mm, 21% above the 
average, witla veryhigh rainfall in.luly, 631 mm 
against the average 250 mam. 

1I m,,,bocl. I, 98S 

.1 

300 3 

E 

,
 
2- .
 

L 
7 

100 

5n 0 A 
Mon'ih 

Mexico 

Batan--( 190 N, 99 0 W, 750mm rainfall), where 

our breeder and agronomist based at CIM MYT, 
work on high altitude, cold tolerant sorghums 
and material adapted for low and intermediate 
elevations 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 loca
tion.
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The diversity in genetic resources is basic to the 
improvement of existing crops and for the 
development of new crops. It isessential that this 
important natural resource be collected and pre-
served. Once landraces or their wild relatives are 
lost, they can never be restored. It isthe respon-
sibility of gene banks throughout the world, 
national and international, to collect, maintain, 
evaluate, catalog, preserve, and distribute germ-
plasm before it is lost. The best possible methods 

4: "our 
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Figure 1. Checking accessions in medium-term stor-
age in ICRISAT gene bank. When the new long-term 
storage facility is operational these accessions will be 
transferred. 

of preservation must be employed in order to 
preserve seed viability as long as possible before 
growing the accessions again because genetic 
drift can, and does occur during each increase. It 
is essential to maintain the integrity (original 
genofvpe) of each accession as much as possible 
during each seed increase. 

ICRISAT has this responsibility for iks five 
mandate crops. During 1985, we made germ
plasm collections in certain parts of the world, 
including the Caribbean, eastern, southern and 
western Africa, and South Asia, where no pre
vious collections had been made. These expedi
tions resulted in adding valuable accessions to 

collections, and also provided an opportun
ity to observe at first-hand the available genetic 
diversity, and the extent of the threat of genetic 
erosion in these areas. 

In order to preserve collected material, the 
Resources Unit (GRU) employs the best 

currently known techniques, and researches on 
new ones for pollination control to prevent out
crossing. We are describing our assembled acces
sions, computerizing the information, providing 
optimum seed storage conditions to preserve 
viability. The ICRISAT gene bank provides 
medium-term storage at 4'C and 20% relative 
humidity (Fig. i). We monitor seed viability of 
our stored accessions, and make them freely 
available to plant scientists throughout the world. 

Present and Future Areas of Collection 

The priority areas for collecting our mandate 
crops were identified, in collaboration with the 
International Board for Plant Genetic Resour
ces (IBPGR), and national scientists in resource 
areas, according to their representation of num
ber of accessions in the collection, the threat of 
genetic erosion, and known information about 
genetic diversity in the area. Countries where the 
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germplasm has yet to be collected, for each crop, 
are listed below in order of priority: 

Sorghum 	 People's Democratic Republic 
of Yemen,Somalia, Central 
African Republic, Nepal, Chad, 
Ghana, Turkey, Uganda, Mo
zambique, Syria, Burma, Ivory 
Coast, Australia (for wild spe
cies), and India (Bihar State.) 

Pearl millet 	 Niger, Chad, Cameroon, An-
gola, Egypt, Mauritania, Pak-
istan, Togo, Namibia, Zaire, 
Central African Republic, Tan
zania, and India(Rajasthan and 
Tamil Nadu States.) 

Chickpea 	 Malawi, Burma, Syria, Turkey, 
Tanzania, Pakistan, Algeria, 
Morocro, Tunisia, Ethiopia, 
Iran, Afghanistan, and India 
(Madhya Pradesh, Rajasthan, 
Gujarat and Bihar states). 

Pigeonpea Caribbean Islands, South and 
Central America, Philippines, 
Indonesia, Bangladesh, Austra-
Jia (fo: wild species), Burma, 
Uganda, Bhutan, Southeastern 
China, India (Gujarat, Rajas-
than, Assam and Tamil Nadu 
states), Zaire, Angola, Zambia, 
Thailand, Sierra Leone, Ivory 
Coast, Burkina Faso, and Mali. 

Groundnut 	 Brazil, Burma, Mali, India 
(Haryana, Rajasthan, Tamil 
Nadu and Madhya Pradesh 
states), Venezuela, Peru, Ecua-
dor, Malagasay Republic, Niger,
Ghana, Sudan, and Zambia. 

The total numbers of germplasm accessions 
assembled to date for each mandate crop are 
shown in Table I together with the numbers of 
countries represented in the collection. We have 
also assembled 5097 accessions of minor millets 

from 34 countries 'Table 2). There is much col
lecting yet to be done, including wild species and 
wild relatives of our mandate crops. 

Germplasm Assembly and Maintenance 

To facilitate easy access for our cooperatois and 
to broaden the genetic base for plant breeders,
efforts are being made to establish regional gene 
banks. 

West Africa 

The ICRISAT Sahelian Center (ISC) has plans
to establish a regional gene bank for West Africa 
by collecting and conserving pearl millet and 
groundnut from West Africa. The construction 
of a medium-term cold storage facility is under
way and when it is operational, duplicate sam
pies of all the germplasm accessions from West 
Africa available 	 with the GRU at ICRISAT 
Center will be 	 transferred. ISC will maintain 
genetic stocks with known sources of resistance 
to pests, diseases, and environmental stresses. 
The ISC will also help as a backstop for the 
world collection of the Institute's germplasm 
assembly. 

Southern Africa 

SADCC Regional Sorghum and Millet Improve
ment Project based at Matopos near Bulawayo,
Zimbabwe is maintaining Eermplasm accessions 
of sorghum, pearl millet, and finger millet in 
short-term storage conditions in plastic bottles. 
The sorghum accessions include introductions 
from ICRISAT Center and the USA, the Karper's 
Nursery, and local collections from Botswana,
Lesotho, Swaziland, Zambia, and Zimbabwe. 

The pearl millet accessions include collections 
made by ICRISAT/IBPGR from 1980 to 1985. 
In addition, all the accessions from SADCC 
countries available at ICRISAT Center, and a 
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Table 1. ICRISAT gene bank accessions In1985 and to date, showing crop and numbers of countries represented. 

Origin Sorghum Pearl millet Chickpea Pigeonpea Groundnut Total 

Accessions in 1985 1960 540 543 362 100 3505 
No. of countries 13 10 7 12 3 27 
Total to date 26564 17621 14361 10466 11588 80600 
No. of countries 83 42 41 41 89 119 

working collection of long heads, thick heads, tained by hand pollination between correspond
and large grains will be conserved at Matopos. ing male-sterile (A) and maintainer (B)isogenic 

Finger millet accessions include those col- lines. A small medium-term cold storage facility 
lected from Zimbabwe during 1982 and 1985. 	 has been developed to conserve the germplasm 

with sufficient security to provide seed to regional 
cooperators in Latin America on request. 

Latin America 

ICRISAT Sorghum Breeding Program at CIM-
MYT had introduced working collections from Germplasm Distribution 
the GRU at ICRISAT Center. The sorghum 
genetic resources assembled in Mexico include A very important component of GR U's activities 
accessions with known genotypes possessing is to provide ICRISAT scientists with germ
sources of resistance to a specific disease, insect, plasm accessions that are used in their attempts 
or environmental stress. Each sample is main- to improve all the mandate crops. These acces
tained by selfing to obtain a stock of about 3 kg, sions are screened for their reactions to many 
except for the male-sterile lines that are main- yield-limiting factors. Table 3 shows the distri

bution of each crop's germplasm accessions to 
the various disciplines in other ICRISAT pro
grams in 1985. The results of this screening work 
and other cooperative projects involving GRU 

Table 2. Additions to minor millets collection in botanists and crop programs are reported else
1985 and cumulative totals, 1976-1985. where in this Report in the Crop Improvement 

Accessions Cumulative Program section. During 1985, in addition to the 
Species in 1985 total 32469 samples distributed to scientists at ICRI

1956 SAT Center, 8222 samples were sent to scientistsEleusine coracana 93 
in India, and 17890 samples to scientists in other(finger millet) 

Setaria italica - 1260 countries (Table 4). 
(foxtail millet) 

Panicum miliaceum 1 754 
(proso millet) Sorghum 

Panicum sumatrense 11 302 
(little millet) This year 1960 new accessions were rejuvenated 

Echinochloacrusgalli - 517 and added to our gene bank, raising the total to 
(barnyard millet) 26 564. The new accessions, assembled by collec-

Paspalumscrobiculatum - 308 tion and correspondence, came from 13 coun
(kodo millet) 	 tries (Table 5). 

Total 	 105 5097 In May 1985, collection expeditions were 
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Table 3. Seed samples supplied to ICRISAT Crop Improvement Programs In 1985. 

Program

Discipline Sorghum Pearl Millet Chickpea Pigeonpea Groundnut Total 
Physio:ogy 543 388 

Patl igy 
 298 560 

Ent( ':, 18354 203 

Microbiology 

Breeding 762 93 

Biochemistry 1004 
 1102 
Cytogenetics 

Agroforestry

Plant Quarantine 
 2
Training 18 

Total 20979 2348 

organized in Lesotho and Swaziland in collabo-
ration with the respective Ministries of Agricul-
ture through the Southern African Development
Coordination Conference (SADCC)/ICRISAT 
Sorghum and Millet Improvement Project based 
at Bulawayo, Zimbabwe. Sorghum landraces in 
both the countries are being replaced by maize 
and sorghum hybrids introduced from South 
Africa. We collected 130 accessions from Leso-
tho and 96 accessions from Swaziland. These 
include a good number of native kafir landraces 
with wide variation for panicle shape, seed color,
and seed size (Fig.2). Sorghum germplasm col-
lected from the highlands of Lesotho is reported 
to possess genes for cold tolerance. The collec-

Table 4. Germplasm samples distributed in 1985. 

Crop 


Sorghum 
Pearl millet 
Chickpea 
Pigeonpea 
Groundnut 


Total 1985 
Cumulative total to date 

ICRISAT Center Within India Other countries distributed No. of(1) (2) (3) (1+2+3) countries 
20979 1816 12376 35171 39
2348 426 2039 4807 20
3504 2766 2042 8314 21
1663 1597 
 532 3792 26
3973 1623 901 6497 16 
32469 8222 17890 58581 

351914 113210 158332 623456 

75 5 1011 
1246 119 2923 5146 
1168 575 134 20434 

1 57 58 
306 100 128 i 389 
783 788 708 4385 

5 
14 14 

5 
I 3 

4 22 
3504 1663 3973 32467 

tion from Swaziland contained sorghums claimed 
to be bird-resistant by farmers and a few rox
burghii sorghums, which are on the verge of 
extinction. One complete duplicate set of this 
collection has been handed over to the SADCC/
ICRISAT project in Zimbabwe for use in the 
southern Africa breeding program.

To meet increasing requests for seed, we 
rejuvenated 5552 accessions by selfing during the 
postrainy season. During the rainy and post
rainy seasons, 1955, newly assembled accessions 
were characterized and evaluated at ICRISAT 
Center using IBPGR/ICRISAT sorghum des
criptors. Several sorghum scientists including 
the sorghum breeders from the All India Coor-

Total samples 
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Figure 2. Collecting agronomically elite kafir sorghum landraces in the highlands of Lesotho, May 1985. 

dinated Sorghum Improvement Project (AICS- (161), Chad (141), and Sierra Leone (125) for use 

IP) visited GRU and selected sorghum lines for in their breeding programs. Two kafir sorghum 
use in their breeding programs (Fig. 3). Compu- landraces from South Africa, IS 9302 and IS 
ter printouts of sorghum evaluation data have 9323 from ICRISAT gene bank have been 
been supplied to sorghum scientists working in approved for release by the National Variety 

AICSIP, and agricultural universities at Tamil Release Committee, Ethiopia, as ESIP I I and 
Nadu, Rahuri, and Hisar in India, and to various ESIP 12. 
research institutions in the People's Republic of 
China, the Federal Republic of Germany, Mex
ico, UK, and USA. Pearl Millet 

We supplied 3202 accessions for use as base 
material to the SADCC/ ICRISAT project, and During the year, we added 540 accessions from 

2670 accessions to ICRISAT scientists working 10 countries to the gene bank raising the total 
in Burkina Faso. We also supplied 3357 acces- pearl millet accessions to 17621 (Table 5). 
sions to national programs of Belgium (1165), In collaboration with the Institute of Agron-

India (823), Iran (621), Zambia (321), Uganda omic Research (IAR), Ministry of Agriculture, 
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we visited Cameroon in November and Decem- wild, weedy shibras, and cultivated forms ofber and collected 888 samples of pearl millet pearl millet growing in the same fields at many(Fig. 4). The wild form Pennisetumamericanum places in Cameroon. 
ssp monodii(Fig. 5) introgresses naturally with We rejuvenated 1714 accessions, for which thethe cultivated forms and produces intermediate seed quantity was depleted, by cluster baggingweedy forms called 'shibras' (Pennisetunm ame- and selfing during the postrainy season. Duringricanumssp stenostachvum). During the collec- the rainy season, 3155 accessions were evaluatedtion mission it was interesting to observe these at ICRISAT Center using the IBPGR/ICRI-

Table 5. Additions to ICRISAT germplasm collection in 1985.
 
Origin 
 Sorghum Pearl millet Chickpea Pigeonpea Groundnut 
AFRICA
 
Burkina Faso 
 311 -
Cameroon 101 -

Cape Verde Islands 
 IEthiopia 5  361 3 -Kenya 7  1 74 
Malawi 

-
 1 217Mali - 3Morocco 5 3 -Niger -I

Nigeria 435 . 11 -
Senegal 
 - I -Sierra Leone 97 55 3South Africa 68 31 
Zimbabwe 226 -

ASIA 
Bangladesh 

- 13 -China 14  - 1 22India 134 4 -Indonesia 
88Sri Lanka 

- 4Yemen Arab Republic 1060 

EUROPE
 
German Democratic Republic - 10 1Hungary 

62
Italy 
7USSR 

2 
THE AMERICAS 
Antigua 

20 -Mexico - 30 -USA 3 8 6 -
Total 1960 540 543 362 100 

74 
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Figure 4. In northern Cameroon pearl millet stalks are 
foreground are stalks left standing after hariest. 

samples collected in the Coimbatorc area are 
valuable additions to our gene bank. 

During the year. wc grLW 1814 accessions for 
evaluation as per the ICRISAT IlBPGIR de-
scriptor at Hisar. and 1937 for evaluation and 
3200 for seed increase at ICRISAT ('enter. 
The chickpea germplasm data base in the 

computer has been refined following statistical 
analyses to identily accessions with specific 
desirable characteristics or character combina-
tions. We intend to publish this information as a 
catalog. 

We studied the genetics of a natural mutant 
that is polycarpous and produces two flowers 
per axil (Fig. 6). These two apparent characteris-
tics are the pleiotropic effect ofa single recessive 
gene. We have concluded our studies on the 

"A,
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used to build elevated stores for harvested millet. Inthe 

genetics of leaf shape, and found that the simple 
and multipinnatc leaf types are governed by 
supplementary gene action. When parents of 
these types are crossed, they produce normal 
(tunipinnate, compound leal), multipinnatc, and 
simple-leaved plants in F,in a ratio of 9:3:4(Fig. 
7). [he genetic constitution of parents in respect 
to leaf shape being, noirmal leaf: M MSISI, 
multipinnate leaf: MIS,- simple leaf mIS, or 
inS,. 

Pigeonpea 

A collection expedition in the Caribbean Islands, 
in January and February 1985, where local 
farmers achieve the worlds' highest yields of 
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rn to 8,and their 100-seed mass from 7.08 to 22.23 g 
4 with a mean of 13.93 g. A striking feature noticed 

was the occurrence of pigeonpeas with unusually 
4/ broad pods (Fig. 8), that are popular in the local 

vegetable markets. Canned pigeonpeas are pop

' \ 
" I 

ular in Puerto Rico, Trinidad and Tobago, and 
other islands of West Indies. This product is
exported and earns substantial foreign exchange 

, i -, 
|1 

, 

for the Dominican Republic. Collected landra
ces include popular cultivars with superior agi o

nomic traits. In addition, several locally bred 
lines,/ selections such as, '2-B-Bushy' and 'Kaki' 
wcre also collected from research stations and 

° 5t ,;:c~ ietd.,.,,-" ...r ,, cxpcditinn. we observed 

'AN, 

Figure 5. Pennisetum americanum ssp monodii the 
wild progenitor of pearl millet collected during an 
expedition to northern Cameroon, 1985. 

pigeonpea, resulted in securing traditional land
races from Puerto Rico, the Dominican Repub
lic, Trinidad and Tobago, Grenada, Barbados, 
St. Vincent, and St. Lucia. A total of 271 
represLntative accessions were collected and the 
majority of them have already been cleared 
through Plant Quarantine. The new accessions 
have widely diverse agronomic traits, and are a 
rich sourte of material that can be used to 
improve long-duration vegetable-type pigeon
pea. The Caribbean accessions are mostly of 
medium-late to late-maturing I;nes, with semi
spreading to spreading plant habit, with high Figure 6. Polycarpy mutant in chickpea. Example ofa 
biomass. Numbers of seeds pod-! ranged from 3 natural mutant identified from cultivar K 850. 
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Figure 7. Examples of chickpea leaf shapes from top 
to bolton, nlultipinnate, unipinnate (normal), and 
simple. 

that the Caribbean area is free from any serious 
disease problem except for witches' broom (Fig. 
9) in the Dominican Republic. 

A total 4f 302 new pigeonpea accessions were 
registered in the gene bank (la ble 5) which con
sists of exotic lines recently released from th: 
postentrv quarantine isolation. These will be 
characterized in 1985 86. One of the highlights 
of'these exotic accessijns are several new acces
sions with high numbers of seeds pod-'. Pre
viously, we had only one source with this trait 
ICP 8504, an accession in great demand by
pigeonpea breeders. Th new sources include 
1CP 13253 and 13256 from Kenya, and ICP 
13555 from the West !ndies. Even within these 
lines, there is variaticn in other morphological 

traits so that the genetic base for pigeonpeas with 
large numbers of seeds pod-i is now fairly wide. 
Our present collection now stands at 10466 
accessions from 41 countries. A total of 61 lines, 
which were pecrnnated from 1984 due to their 
late flowering, have flowered in 1985, and we 
hope to secure seed. It was interesting to notethat 10 long-duration lines from the West Indiesflowered i1.uly when mnost other lines remained 

vegetative. These lines are being purified and will 
be tested for photoperiodic insensitivity. 

In September 1985 we sowed 1000 lines for 
reiuvenation and seed increase. A total of 754 
lines including 283 new accessions from Anti
guar, Banugladesh, F'thiopia, Indonesia, Kenya,
Malawi, Mo/ambilque, Nigeria, Philippines, and 
Tan/ania were characteri/ed, together with wilt
resistant and insect-tolerant lines bred at ICRI-
SA and( our new collection from Tamil Nadu. 

Figure 8. Pigeonpea pods that are unusually broad, 
from a sample collected in the Caribbean Islands, 
1985. 
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Figure 9. Pigeonpea plant showing typical symptoms 

of witches' broom disease; note severe stunting, 

reduced leaf size and lack of pods. 

We screened 400 accessions of pigeonpea for 
photoperiodic insensitivity. From these, selec-
tions were made and 20 were found to be moder-
ately insensitive. We observed a marked increase 
in plant height, number of branches and leaf area 
in plants subjected to extended light (Fig. 10). 

We started work on a new project that has 
been developed to evaluate germplasm acces-
sions in their original habitat or area of adapta-
tion. In 1985, a set of long-duration lines was 
evaluated at ICRISAT Center and Gwalior, 
India. Our future efforts will be to evaluate long-
duration lines in East African and West Indian 
locations. 

We have revised and edited the entire compu-
terized database of 8582 accessions and carried 

out statistical analyses of evaluation data. The 
collection is now classified into well

defined sets with specific combinations of desir
able traits. This will eventually lead to the publi
cation of a pigconpea catalog, and substantially 
enhance the efficiency of germplasm use in 
pigeonpea improvement. 

Groundnut 

One hundred accessions from three countries 
were added during the year, raising tile total to 
11 588 (Table 5). Besides these, 89 accessions 
from the Tanzanian collection made in 1985 and 
13 accessions fi-or USA have been released 
through Plant Quarantine. These will be regis
tered with IM~ numbers after seed Increase dur
ing the 1986 rainy season. Over 600 accessions 
from Texas A&M University and Georgia, USA, 
could not be transferred to ICRISAT because of 
new plant quarantine restrictions in India. Six
teen accessions from the Regional Stition, Indian 
Agricultural Research Institute (RS-IARI), Ra
jendranagar, and one accession from Tamil 

Agricultural University, Vrid hachalam, 
have also been received. These new accessions 
have contributed to a significant increase in the 
available variability in the ICRISATgene bank 

(Fig. II). 

In collaboration with Tanzanian Agricultural 
Research Organization (TARO), we made a col
lection mission there from 24 April-19 May 
1985. The mission aimed to collect local cultivars 
of groundnut and other ICRISAT mandate 
crops that matured during the period of the mis
sion. The mission was timed to coincide with the 
groundnut harvest in most of the areas explored. 
In Tanzania, groundnuts are mainly grown by 
small farmers and there seemed to be no fixed 
time for sowing. As a result, we reached a few 
areas either well after the harvest, or before the 
crop matured. A total of 115 samples were col
lected, including 95 groundnut, I I pearl millet, 
and 9 sorghum. The groundnuts were actually 
collected at 67 locations, but mixed types were 
subdivided later to make 95 distinct samples. 
There was significant variability in all the col
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lected crops. We collected groundnut samples 
that differed in habit, botanical type, and seed 
color. 

During the rainy season, we sowed 2279 acces-
sions including 116 new acquIsitions for seed 
increase and characterization of various mor-
phoagronomic characters as per the ICR ISAT 
I1PGIR groundnut descriptors. Wc also con-
ducted a series of experiments on fresh seed 
dormancy (Fig. I1). In the postraiuy season, we 
sowed about 1300 accessions, including 102 new 
introductions, mainly for rejuvenation. Out of 
73 accessions of wild species (Fig. 12) sown in 
September 1984 for seed increase, because of an 

-J
 

increased demand for evaluation and use, vary
ing amounts of seed were harvested from 48 
accessions. 

Documentation has been further strengthened 
by computerizing passport data for 33 descrip
tors of 10000 accessions. Computerizing pass
port data for the remaining 1588 accessions, and 
the evaluation data on all the accessions in the 
gene bank is in progress. l)uring the rainy sea
son, a few modified descriptors were used for 
evaluation and found to be appropriate. We are 
preparing modified descriptors for cultivated 
groundnuts, and a sepa -ate descriptor list for 
wild Arachis species. 

Figure 10. Effect of extended hours of daylight on pigeonpea leaf size. Leaves from three genotypes (Above) growninnormal length days (12 h). Below the same genotypes grown Inextended daylight (16 h)had much larger leaves. 
ICRISAT Center, rainy season, 1985. 
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Figure Ii. Testing fresh seed dormancy in groundnut gerrnplasm accessions, in Genetic Resources Unit laborato
ries, I('RISAT ('enter. 

-- Ninor Millets 

, .. . .''A lotal of 105 new accessions of three crop spe
-. J-,?.,..~.;-., . .IL. received from Ilungary, India, Kenya, and 

, ,. S th Africa were rejuvenated during the year 
. ; 1- ra isin the total gene bank holdings to 5097 

T___O-.- N-C I(able 2). 
*..l',14,i .4 . IIsni.g Iunds provided by I B3PG ,.,we characte

- ,,) reid and classified 1950 accessions of finger 
millet. I.husijtc Cor.tata and 302 accessions of 

•,' -.. litt ICrIIet. 'At,Su11Fatrnltsein our collection. accessio ns held 

Figure 12. Wild Arachis accessions grown for evalua
tion and seed increase. 
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Looking Ahead 

The collecting program will continue in high-
priority areas. More emphasis will be placed on 
collecting wild species and wild relatives of all 
the mandate cropc This will not only add more 
new species to the collections but will provide 
currently needed broader genetic diversity. We 
hope that changes in Indian Quarantine restric-
tions will enable the transfer of more groundnut 
germplasm from the USA, which would include 
recent collections of wild species as well as culti-
vated groundnut from South America. 

We will expand the regional evaluation of all 
crops, in Wcst, : . ind southern Africa. 
With the development of facilities at he IPCRI-
SAT Sahelian Center, the number of accessions 
of pearl millet evaluated there will be increased. 
Groundnut germplasm will also be evaluated at 
this location. Evaluation in soothe rn Africa is 
now underwa', and further expansion of our 
work in evaluating pigeonipca in eastern Africa is 
planned. With the developncrt of the Asian 
Grain Legu'ic Program that will he coordinated 
from ICR ISAT we will follow tlie recoimmenda
tion of the Association for Science Cooperation 
in Asia (A SCA) workshop held in Tsukuha, 
.Jiapan inr Novernher and will collaborate with 
ASCA inlicniber countries and international orga-
nizations in tie region on effective collection ard 
use of plant genetic resources. 

Introgression work will expand in sorghun 
and chickpea. When conventional mctliods off 
introgression fail involving wild species', we 
anticipate that ourcooperative work with ICRI-
SAT cytogeneticists will develop and expand in 
the use of nonconventional methods for accornp-
lishing wide crosses. 

The transfer of seed from tile old storage 
rooms into tie new seed storage units, now int 
operation, will ibe completed in early 1986, and 
storage conditions in the new short-termn storage 
will be implemented. 

We will develop computer progranis to record 
seed distribution and additional programs or 
data sets, to record viability tests and results, and 
for inventory control. From that information, a 

computer-assisted system of seed-increase man
agement can be developed to avoid peaks and 
valleys in the number of accessions requiring 
increase each year. 

Attention will be given to the expansion of 
monitoring seed viability. As much as possible, 
seed germination and testing equipment will be 
added to give us the capability of testing all new 
seed prior to storage. Results of later tests will 
then idiclte the viability trend for each acces
sion. Such information is essential to manage
ment of' future seed increases. 

Cooperative relationships between ICAR, NB-
PG R, and ICR ISAT were initiated in 1985 by an 
exchange of' visits, which resulted in a joint 
colmittee meeting in )ecember. Future meet
ings are planned is well as cooperative work in 
areas of plant exploration and evaluation of 
ICRISAlT mandate crops in India. 
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The main objective of the Sorghum Improve-
ment Program continues to be the development 
of high-yielding, stable varieties and hybrids 
with acceptable food quality. To meet this objec- 
tive, we concentrate on developing, or improv- 
ing screening techniques for physical (abiotic) 
and biological (biotic) yield-limiting factors: 
screening germplasm accessions and breeding 
material for sources of resistance and other 
desirable plant and grain quality traits; and on 
using material identified in the breeding pro-
gram. Our global activities are based at ICRI-
SAT Center in India and at regional centers for 
West, eastern, and southern Africa, and for 
Mexico and Central America. 

Our major research activities are concentrated 
at ICRISAT Center in India where we also use 
several locations where high stress factors regu
larly occur, to adequately screen germplasm 
accessions and breeding material for resistance 
to various stresses. The locations for stem borer 
and anthracnose disease are Hisar and Pant
nagar, both in northern India; Anantapur in 
southern India for drought; Bijapur and Akola 
for Strigaasiatica,Dharwad for sorghum downy 
mildew and midge, and Bhavanisagar (near 
Coimbatore) where we evaluate material for 
adaptation to latitudes near the cquator and 
resistance to grain molds. 

In West Africa the program operates from 
Ouagadougou, Burkina Faso, and Bamako, 
Mali and concentrates on the development of 
cultivars for two distinct zones: Sudanian (600
900 mm rainfall) and Nortlien Guinean (900
1200 mm rainfall). While frequent drought, poor 
seedling establishment, and the parasitic weed 
Strigasp are the major yield-limiting factors in 
the Sudanian Zone, leaf diseases, grain molds, 
and panicle pests pose serious problems in the 
Northern Guinean Zone. Soils with low fertility 
and poor water-holding capacity are common to 
both the zones. Accordingly, our breeding pro-
gram evaluates germplasm lines and breeding 

material in the respective ecological zones and 
elite materials are systematically tested across a 
range of ecological conditions. 

The eastern Africa regional program operates 
from Nairobi, Kenya, and concentrates on coor
dination of regional trials and nurseries con
ducted by national programs in the region. 

The regional program for southern Africa 
(Southern African Development Coordination 
Conference (SADCC) countries) is based in 
Bulawayo, Zimbabwe. It has three fundamental 
objectives. Firstly, to strengthcn the research 
capabilities of the national programs by provid
ing genetic materials for a range of traits, 

' 

t 

International Sorghum Variety Adaptation Trials, 
Karnboins6, Burkina Faso, 1985. 
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research techniques, and assisting in formula-
tion of their research programs. This objective 
encourages the development of regional coopera-
tion among scientists of participating countries, 
organization -f regional workshops to discuss 
the results and regional plans for the future.
Secondly, training is at ICRISAT Center, in the 
SADCC region, and in overseas universities. 
Thirdly, service to national programs, includes 
upgrading facilities and conditions of field re
search, advancing generations and crossing in 
the off-season nursery, and assisting with items 
needed for field research, 

The regional program for Mexico and Central 
America is based at the headquarters of Centro 
Internacional de Mejoramiento de Maiz yTrigo
(CIMMYT) in Mexico, and works in close 
cooperation with the national programs in the 
region. Its main objectives are to develop cold-
tolerant (6o- 25°C) sorghum varieties and hybrids
adapted to growing at high altitudes (1500-2500 
m), and to improve the local cultivars adapted to 
low and intermediate elevations in the region. In 
both cases the improved genotypes should have 
high and stable yields, resistance to pests and 
diseases, and good grain quality, 

This report integrates the work conducted by
ICRISAT Center and regional programs, and 

gives research results from 1985 as well as those 
from previous years not included in earlier 
Annual Reports. 

Physical Stresses 

Drought 

Resistance screening. We screened germplasm 
accessions and breeding lines for resistance traits 
under severe drought-stress conditions during
the summer at ICRISAT Center, and the rainy 
season at Anantapur. The visual scores in 1983 
and 1984 drought-resistance screening had clearly
demonstrated that there were marked differen
ces in the response of sorghum genotypes to high 
temperature and water deficit. 

We therefore selected five 'susceptible' and 
four 'resistant' lines (Table i) for a detailed 
examination of the physiological basis of resis
tance to midseason heat and drought stress. The 
lines were sown on 12 March 1985 in randomized 
blocks consisting of two treatments: drought
stressed and control. There were four blocks of 
the stressed treatment and two of the control. 

2The plot size was 9 x9 M . The four stressed plots 

Table 1. Sorghum lines used in detailed drought stress, physiology experiment, ICRISAT Center, summer 1985. 
RainfaIll 

Line Origin Elevation (r) (mm) 

Susceptible
IS 17605 
IS 12739 

Yemen AR 
China 

1970 
-1 

600 
-

IS 12744 Taiwan - -
IS 21436 Malawi 75 800 
IS 22253 Botswana 1250 514 

Resistant 
IS 20969 Kenya 1100 1500 
IS 1347 Egypt - -
IS 13441 Zimbabwe - -
IS 22380 Sudan 600 450 

I. - =data not availble. 

Taxonomic Time to 50% 
group flowering (d) 

Durra 
Caudatum bicolor 
Guinea caudatum 
l)urra 
Kafir 

131 
50 
53 
56 
52 

Caudatum 
Caudatum bicolor 
Caudatun 
Caudatum 

115 
48 
60 
85 
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were not irrigated from 20 days after sowing fined as the ratio of leaf-water content at sam
(DAS) until the onset of the rains in June. pling to that at full turgor, leaf-water potential

Control plots were irrigated weekly at a rate (i#l -as measured with a pressure chamber), and
sufficient to replace evaporation. After emer- stomatal conductance (gl, measured with a dif
gence, the plots were thinned to a population of fusion porometer). Measurements of light inci
120000 plants ha- 1. Instrumentation was installed dent on the leaves (Si), was made with a quan
in two replicates of each of the five genotypes in turn sensor and of the leaf temperature (tl), with 
both stressed and control treatments. Further an infrared thermometer at the time and site of
replication was restricted by the channels avail- measurement of conductance. Measurements of 
able on the two data-logging units. Also, con- qJl, gl, Si, and ti were made on the same leaves.
parable physiological measurements could only Immediately after the measurements of gi, Si,
be made on a maximum of five lines per day. and tl, the leaf was excised and taken to a field

The genotypes examined were IS 17605, IS laboratory for measurements of qil. Soil-water 
12739, IS20969, IS 1347, and IS 13441 (Table I) content in plots was measured using a neutron
and represent an early- and a late-maturing sus- probe. Detailed measurements continued until 
ceptible line and two early- and one late-matur- the onset of the rains at 84 DAS, after which only
ing resistant lines. Measurements of solar radia- dry-matter production and grain yield were 
tion, dry- and wet-bulb temperatures, leaf and measured in kg ha-'. Dry-matter production of
soil temperatures, and wind speed were scanned shoots and roots and leaf areas were measured 
every minute and readings were averaged for weekly throughout the experiment. We will
each hour. Measurements of wet- and dry-bulb report thise findings in future Annual Reports.
temperatures and leaf temperature were made at Results shown in Figures la and Ib clearly
heights corresponding to the top and middle of demonstrate that, after a critical level of stress is
the canopy in each plot. Leaf temperature (°C) reached (56 I)AS), the resistant lines have a very 
was measured at the tip, middle, and base of the different plant-water status to the susceptible
underside of the first fully expanded leaf using lines, in terms of RLWC and il under both soil 
copper-constantan (38 swg) thermocouples. Soil and atmospheric water stress. Noticeably, the 
thermocouples (20 swg) were positioned at 30- trend for both traits is the same. A similar 
cm depth. Solar radiation was measured using response, under atmospheric water stress for
tube solarimeters. The fraction of total radiation stomatal behavior measured by individual leaf
intercepted by each crop was calculated by corn- conductance (gl) isshown in Figure Ic. The ter
paring the output of tubes placed beneath the minology requiring phrases such as 'resistant' 
canopy with that of a standard tube positioned and 'susceptible'was obviously subjective, based 
above the crop. Wind speed was measured at the on the earlier visual scorings. Yet these data
level of the top of the crop canopy using cup vcrify that these visual differences were based on 
anemometers. Detailed physiological measure- measurable physiological traits and could be 
ments were made twice weekly throughout the used effectively in an improvement program to 
stress period on each of the five genotypes in the identify 'resistant' lines. In addition to quantify
stress and control plots. On these 2 days, inca- ing these visual differences, it is also possible to 
surements were made at 0830 Ii, 1230 h, and 1530 identify which traits are more suitable for field 
h at the midpoint of the youngest fully expanded screening. From these data alone, it isclear that 
leaf and on a leaf in the middle of the canopy RLWC is a more sensitive measurement than 
(usually three leaves lower). either i1 or gl. These initial results are very

Two days later, measurements were made encouraging and cooperators in the UK, Austra
only on the youngest fully expanded leaf, but in lia, USA, and Italy will look at additional factors 
three positions: at its tip, middle, and base. The that may consistently distinguish among these 
following measurements were made on these very contrasting genotypes.
leaves: relative leaf-water content (RLWC) de- At Anantapur, the following lines were sown 
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Figure 1. Measurements made at 1230 h on the midportion of the youngest leaves in five sorghum lines IS 20969,
IS 13441, and IS 1347 (resistant), and IS 12739 and IS 17605 (susceptible) of(a) relative leaf water content (R LWC 

-%) and (b) leaf water potential 0 1 M Pain the stressed plots and (c) leaf conductance (gl cm sec ) In the control 
plot, ICRISAT Center, summer 1985. 
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on 23 July 1985: 71 germplasm lines selected Crop Establishment 
from previous screening (ICRISAT Annual Re
port 1984, p.18), 26 lines from Botswana and Seedling emergence through soil crust. Soil 
Sudan, 122 ICRISAT-bred lines and 96 germ- crusts inhibit seedling emergence in sorghum. 
plasm lines from the Cameroon. These included We reported earlier (ICRISAT Annual Report 
the nine germplasm lines that were examined in 1983, pp. 69-71) a technique to screen for seed
detail at ICRISAT Center. During the growing ling emergence through soil crust. The repeatabi
season, 321.6 mm of rain fell, but there was a lity of this technique was assessed using 27 
characteristic midseason drought-stress pattern sorghum lines by comparing their performance 
with 43 dry days in between the spells of rain. in two summer trialsin 1984and 1985. Similarly, 
There was excellent correspondence between the repeatability of emergence of different seed-lots 
performance of the lines screened at ICRISAT of the same entries was tested using seeds pro-
Center and those at Anantapur (Fig. 2). In addi- duced in the postrainy seasons of 1983 and 1984. 
tion, a number of ICRISAT-bred lines gave The trials were conducted on broadbeds in an 
good grain yields under midseason stress, nota- Alfisol field in plots 2-m long with a 0.5-m path 
bly the varieties ICSV 213, 221, and 210, and between each broadbed. There were three rep
hybrids ICSH 109, 199, and 200. For the 2nd licates per entry in a randomized-block design. 
year, SPH 263 was one of the top-yielding We sowed 50 seeds entry-', 50-mm deep using a 
hybrids at Anantapur (Fig. 3). John Deere 7100 planter with four planting 

Figure 2. Sorghum panicis grown under midseason drought stress, (left to right); IS 17605, IS 12739, IS 12744, 
and IS 21436 (susceptible), and IS 20969, IS 1347, IS 13441, and IS 22380 (resistant), Anantapur, rainy season 
1985. 
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Figure 3. Sorghum panicles grown under midseason drought stress, (left to right); the higihest-i ielding Ireedingvarieties ICSV 213, I(SV 221. ani I( SV 210, Anantapiur local cultihar, and hybrids SPII 263, I(S11 109, IUSH1
134, !S11 199, and I(C11 200. Anantalur. rains season 1985. 

units. The heds were agaill siv;oothed with a hed 
shaper, and 35 mm water was applied at 14 mm 
h-tusing two parallel sprinkler lines 15 in apart.
The plots were then left to dry for 3 days. [he 
crust in the control plots was then broken with a 
roller-type crust breaker. 

The seedlings were counted 6 I)AS. [he ratio 
of the number of seedlings that emerged through
crust to the number that emerged in the control 
(c:tu) was used to characteriie the emergence
ability of each entry through a soil crust. Table 2 
shows the c n ratio of selected entries in both
1984 and 1985 trials for both ,ced lots. The close 
agreement of the c; tratios of an entry between 
trials and between different seed lots was asses-
sed. The correlation coeVicients for the entry 
means intwo trials with the same seed lot was 
0.87, P. 0.001 0.73, P-,0.001 lordifferent seed 
lots in the sauie trial, and 0.82, P. , 0.001 for 

different sec lots in different trials. The repeat
abilitv of the genotype performance over both 
years and seed lots suggests that differenccs 
between lines may be genetic in origin and of use 
in crop improvement by breeding or selection. 

Plant Nutrition 

Biological Nitrogen Fixation 

Nitrogen-balance studies. In a long-term, nitro
gen-balatic field trial started in 1978, eight 
sorghum[i cnlt ivars (Table 3)are grown each year 
on tile sameo plot with the same rates of added 
nitrogen. I)uring tlie 7th year of the experiment 
(rainy seasonrt 1984), a tuniform crop of pearl
millet cultivar I('NIV I (WC-('75) was grown to 
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overcome the problems associated with succes- Table 3. Total plant dry-matter yield (kg ha-') of 
sive cropping of sorghum (ICRISAT Annual sorghum genotypes with different levels ofnitrogen in 
Report 1984, pp. 37-38). The total dry-matter long-term nitrogen-balance trial', ICRISAT Center, 
yield across the cultivars during the 8th year of rainy season 1985. 
the experiment were 10730 kg ha-' without nit
rogen fertilizer application, 113 10 kg ha-' with Nitrogen applied (kg ha-') 
20 kg ha-' of nitrogen fertilizer applied, and Genotype 0 20 40 Mean 
11680 kg ha-' with 40 kg ha-' of nitrogen fertil- FLR 101 10650 10390 11830 10960 
izer applied (Table 3). These results show that CSV 5 11250 12390 12450 12030 
the uniform cultivation of pearl millet in 1984 CSH 5 12130 13660 12500 12760 
improved the yields of sorghum cultivars in IS 2333 9580 10800 11680 10690 
comparison with 3350 kgha-1 across the sorghum IS 889 6100 5560 6480 6050 

cultivars without nitrogen fertilizer application Dobbs 13580 15000 15090 14550 
in 1983, 5460 kg ha-' with 20 kg N ha-' in 1983, IS 15165 11420 10610 10850 10960 
and 6680 kg ha-' with 40 kg N ha-' in 1983. The Diallel 642 11130 12080 12550 11920 
total dry-matter yield of 1I 240 kg ha-1 across the SE ±925 ±481 
cultivars and nitrogen levels was the highest as 
compared to yields obtained during any of the Mean 10730 11310 11680 

SE ±499 

CV(%) 15 

1. Average of four replications, net plot area harvested 
Table 2. Emergence under crust (c) and under control 26.25 in

2 . Basal dose of 9 kg P ha-' applied. 
(u) (c:u) ratios of selected sorghum entries tested in 
1984 and 1985 from seeds produced in 1983 and 1984. 

c:u ratio earlier years of the experiment. This year (the 8th 

1984 1985 1985 year of the experiment) the total plant dry
trial of trial of trial of matter yield of 10730 kg ha-' was recorded with 

1983 1983 1984 no application of nitrogen fertilizer for the last 8 
Entry seed seed seed years, and nitrogen fertilizer at 20 and 40 kg N 

E 178-3 0.95 0.94 0.83 ha-' did not increase yield significantly over yield 
IS 17595 0.90 0.87 0.94 without nitrogen fertilizer (Table 3). The highest 
IS 3898 0.89 0.75 0.84 total plant dry-matter yield of 13 580 kg ha-' was 
IS 22240 0.88 0.70 0.75 produced by the cultivar Dobbs without nitro-
IS 22238 0.87 0.78 0.75 gen fertilizer application, followed by CSH 5 

IS 17601 0.87 0.80 0.87 with 12130 kg ha-'. The cumulative nitrogen 
IS 7312 0.86 0.78 0.77 uptakes in the above-ground plant parts from 
IS 22356 0.85 0.94 0.79 1978-1984 (except in 1981) without nitrogen fer-
IS 3825 0.84 0.70 0.79 tilizer application were 196 kg ha-' by CSH 5, 
IS 7264 0.63 0.71 0.69 and 193 kg ha-' by Dobbs, the highest amongst 

IS 9702 0.31 0.38 0.23 the cultivars without nitrogen fertilizer appli-
IS 22237 0.28 0.35 0.41 cation. 
IS 10266 0.02(±0.01)1 0.30 0.21 

SE ±0.031 ±0.040 ±0.044 
Vesicular Arbuscular Mycorrhizae (VAM)Trial mean 

(27 entries) 0.769 0.710 0.710 Colonization and phosphorus uptake. We had 

I. Entry value not included in trial mean and SE. previously shown that positive correlations exist 
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among VAM colonization, phosphorus mea-
sured in the bleeding sap, and total phosphorus
uptake by the plant (ICRISAT Annual Report
1984, p. 40). In order to further standardize the 
technique, we examined the relationship between 
the free inorganic phosphorus translocated and 
total phosphorus content of the plant at different 
plant growth stages. 

We inoculated the cultivar CSH 5 with three 
different VAM fungi (Acaulosporasp, Glomus 
epigaeum,and Gigasporacalospora)in separate 
pots, which included a noninoculated control in 
both sterilized and nonsterilized soil. We took 
samples of shoot, root, and bleeding sap at dif-
ferent growth stages to analyze the total phos-
phorus uptake, VAM colonization, and free 
inorganic and bound phosphorus in each treat-
ment. Results showed that the free inorganic 
phosphorus in the bleeding sap was correlated 
with total phosphorus uptake by plants at 46 and 
66 DAS, and was best on the 46th day. As phos-
phorus was found to be translocated in both 
inorganic and bound forms, we estimated total 
phosphorus in the bleeding sap byacid hydrolysis. 

We found that the total phosphorus in the 
bleeding sap was also significantly correlated to 
total phosphate uptake by the plant at 46 and 66 
DAS, but not at other growth stages. The esti-
mation of free inorganic phosphorus in the 
blee-Jing sap of plants 46 and 66 DAS was there-
fore found to be a useful measure of VAM 

activity, 


Biotic Stresses 

Diseases 

Grain Molds 

Resistance screening. Sorghum lines previously 
identified as resistant under natural infection 
conditions were re-evaluated for resistance under 
artificial inoculation with grain mold-causal 
fungi in two trials comprising of 52 and 130
entries. We divided entries in each trial into 
early- (up to 65 days to 50% flowering) and 
medium- (66 to 80 days to 50% flowering) matur-

ity groups. We sowed each maturity group 
separately in an augmented randomized-block 
design with two replications, two rows per entry
in each replication, and with repeated systematic 
susceptible controls of sir iilar maturity. At 50% 
flowering, we inoculated 10 panicles in one row 
with a spore suspension of Fusarium monili
forme, F. semitectum, and Curvularia lunata, 
then tagged and bagged them for 10 days. Pani
cles in the second row were tagged but not inocu
lated or bagged. To provide high humidity, 
overhead sprinklers were used on rain-free days 
from onset of flowering to postmaturity stages.
We evaluated panicles 2 weeks after physiologi
cal maturity (black-layer formation) for grain 
mold incidence (termed panicle grain mold rat
ing, PGMR), and later threshud grains were 
rated for mold severity (threshed grain mold 
rating, TGMR). Ratings were based on a I to 5 
scale, where I = no mold and 5 = more than 50% 
grains in a panicle molded for PGMR, or more 
than 50%grainsurfaceareamoldedforTGMR. 

Mold scores of inoculated and noninoculated 
panicles and grain were similar and 156 entries 
out of 182 tested were resistant, i.e., had mold 
ratings of_<3. Evaluation of bagged panicles was 
difficult due to severe earhead caterpillar and
 
head bug damage and profuse saprophytic growth
 
of mold fungi on dead pollen, insect excreta, and
 
insect-damaged grain. To avoid these problems,
 
screening for mold resistance under natural
infection conditions without inoculation and
 
bagging is recommended, assuming that mist or
 
sprinkler irrigation is provided on rain-free days 
to create the high humidity conditions essential
 
for grain mold development.


All the grain mold-resistant lines identified so
 
far have colored grain, mostly brown. However,
14 of them do not have the tannin-containing 
testa layer often associated with brown 
ghums. These lines are IS 

sor
13885, IS 14375, IS 

14380, IS 14384, IS 14390, IS 20708, IS 20884, IS 
21509, IS 21599, IS 25017, IS 25064, IS 25070, IS 
25098, and IS 25100. 

Grain colonization and mold damage. Sorghum 
grains are often col anized by mold-causal fungi 
in the early stages )fdevelopment. The routes of 
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infection and colonization and, therefore, the temporal distribution of C. lunata spores to 
nature of resistance are not well understood. We determine the potential amount of inoculum 
initiated studies to elucidate this. We standard- available in the air spora from flowering through 
ized tissue-processing methods for the develop- grain development stages to grain maturity. We 
ing grain, and simple staining procedures to chose C. lunata for monitoring because its 
examine fungi in sectioned grains under a fluo- spores are easy to identify in spore trap catches. 
rescence microscope. Developing grains were We placed a 24-hour Hirst spore trap at 0.5 m 
cut, fixed in glutaraldehyde, dehydrated in methyl above the canopy of a CSH I sorghum field 
cellosolve, ethanol, n-propanol and n-butanol measuring 24 m x 24 m. The trap was operated 
series, embedded in glycol methacrylate and daily from Monday to Friday beginning on 29 
then sectioned to 2 gm thickness. Sections were July after full flowering and ending on 8 Novem
either stained with Cellufluor®, an optical bright- ber. In the Hirst spore trap a pump continuously 
ener, or with malachite green, and then counter- sucks air at constant rate inside a chamber 
stained with acridine orange. through an orifice. On entry into the chamber, 

We observed the following as the route of air strikes a greased slide that traps particulate 
colonization by mold-causal fungi. From anthe- matter in the air including spores. C. lunata 
sis onwards fungi colonized and sporulated on spores were counted on each slide under amicro
decaying stigmas and anthers; thereafter, glumes, scope and then the number of spores present 
lemmae, paleae, and stamen filaments were col- calculated per unit volume (M-3 ) of air. The 
onized, and ultimately the fungi reached and results showed the number of spores of C. lunata 

-
 -3ofentered the base of the developing grain. The in tle air spora to range from Im 3 to II m 
fungi then multiplied in the placental sac under air from flowering to grain maturity. Most 
the hilum before further colonization of other spores were found in the daytime (peak at 0900
internal grain tissues. 1100 h) and the least at night. The spore catch 

The rate and extent of stigma, anther, and showed a gradual increase from prior to soft 
glume colonization, and the stage of grain devel- dough stage until maturity. After maturity there 
opment when infection occurred, determined was nearly a sixfold increase in spore load over 
whether mold damage was expressed as grain the sorghum field. The gradual increase in the 
abortion, reduced grain size, or simply molding level of C. lunataspores with grain development 
of normal-sized grains. When anthers and/or wasdue to the sporulation and furthergrowth of 
stigma failed to emerge fully from the floret, they earlier and later infections. These results confirm 
were extensively colonized by mold fungi and as the availability of C lunata in the air spora 
a result the developing grain was aborted or above a sorghum field from flowering to grain 
rotted within a week after anthesis. However, if maturity as an inoculum source for grain infection. 
fungi colonized the base of the developing grain 
before the soft-dough growth stage, grain matur- Breeding for resistance. We screened, in a pre
ity (black-layer formation) was hastened and liminary mold-screening nursery, 112 advanced 
grain size was reduced. Typical molding of breeding lines derived from crosses between 
normal-sized grains was expressed either as mold-resistant, colored-grain sorghums and mold
mold growth initially occurring under the glumes susceptible, white-grain sorghums at ICRISAT 
but gradually enveloping the grain, or as local- Center and Bhavanisagar, a grain mold hot-spot 
ized fungal sporulation on exposed grain surfaces. location in southern India. Included in the 

nursery were mold-resistant, colored-grain and 
Monitoring Curvularia lunata spores over a mold-susceptible, white-grain sorghums varia
sorghum field. Curvularialunata is one of the ble in days to 50% flowering as controls. We 
common mold-causal fungi and its spores are recorded the TGMR of grains from all entries 3 
part of the air spora, the main source of inocu- weeks after physiological maturity under condi
lum that infects developing grain. We studied the tions favorable for mold development. 
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We found 35 advanced breeding lines from 
ICRISAT Center to be resistant with TGMR of 
3.0 or below as compared to TGMR of 5 for the 
mold-susceptible, white-grain sorghum controls, 
It is encouraging to note that 23 of these are 
white-grain types, selected entries of which are 
shown in Table 4. The results showed that mold-
resistant lines had high grain density (low floater 
percentages) with high germination percentages, 
and hard and corneous endosperm that when 
dehulled gave high extraction rates with insignif-

icant amounts of broken grains. However, the 
reverse did not appear to be true. There were a 
few breeding lines (Table 4) that were mold
susceptible but had high grain density with good 
germination percentage and good extraction 
rates when dhulled. It appeared that grain 
molding for these types was restricted to the 
surface of the grain with little damage to the 
endosperm. We will carry out detailed micro
scopic studies on the grains of these types, par
ticularly their endosperm, to confirm this. 

Table 4. Time to 50% flowering (days), threshed grain mold rating (TGMR), and other physical grain characteris
tics of selected advanced breeding lines derived from crosses between mold-resistant, co!ored-grain, and mold
susceptible, white-grain sorghum genotypes, ICRISAT Center, rainy season 1985. 

Time to 50% 

Genotype flowering (d) TGMR Floaters (%) 

ICSX119K 19WI-6-1 73 2 
ICSXI19K 64WI-2-1 61 2 
ICSX62K 140B,-l 70 2 
ICSX62K 140B 2-l 75 2 
ICSX119K 19WI-4-1 70 3 

ICSX 19K 19W4-1 76 3 
ICSXI 19K 53W-5-1 67 3 
ICSX119K 15W3-1-1 72 3 
ICSX132-28WI-2-1-1 75 3 
ICSX132-28WI-2-7-1 73 3 

ICSX 19K 25WI-2-1 78 4 
ICSX119K 165B1-1 68 4 
ICSX 19K 67W5-4-1 61 4 
ICSX132-48WI-8-1 67 4 
ICSXI19K 66W-1-1 56 4 
ICSX126-32W3-3-2-1 65 5 

Resistant controls 
IS14384 68 
 2 
IS 14388 58 
 3 
IS14385 65 3 

Susceptible controls 
SPV 351 61 5 
SPV 104 63 5 
ICSV 197 78 5 

SE ±1.7 ±0.4 

CV(%) 4 16 


8 
8 

27 
52 
I1 

24 

5 

25 

21 
25 


25 
28 
8 

19 

14 

27 


34 

96 

28 


56 
100 

63 


±7 


25 


Dehulling 
Germination (%) recovery (%) 

97 88 
96 88 
95 88 
82 84 
97 88 

96 87 
96 91 
95 85 
92 86 
88 87 

94 88 
93 86 
93 88 
93 86 
91 90 
93 86 

87 82
 
57 58
 
93 85
 

68 78
 
60 52
 
79 75
 

±5.5 ±2.05 

11.7 4.42 
I. Based on a I to 5 scale, where I no mold, and 5 = more than 50% grain surface area molded. 
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We also screened early-generation breeding lodging in the drought stressed and nonfumi
linesderivedfromcrossesbetweenmold-resistant, gated plots was 47.9% higher than in the 

colored-grain and moderately susceptible, white- drought-stressed, fumigated plots. Results of 

grain sorghums, and identified 300 mold-resistant plant senescence and visible stem infection by 

white-grain progeny with good levels of mold M. phascolinafollowed the same pattern as that 

resistance for further screening. Some of these, of plant lodging. These results show that soil 

which are more agronomically uniform and have fumigation significantly reduced plant senes

high levels of mold resistance, will be included in cence and lodging in the drought-stressed plots 
and indicate that soilborne root-infecting fungithe preliminary grain mold screening nursery. 
play an important role in plant senescence and 
lodging.Root and Stalk Rot Complex 

Effect of soil fumigation and drought stress. We Fungal colonization of sorghum roots and stalks. 

conducted an experiment at ICRISAT Center We monitored fungal colonization of roots and 

and Dharwad in the 1984 postrainy season to stalks of the root and stalk rot-susceptible 

study the effect of soil fumigation to control hybrid CSH 6 at different growth stages from 

soilborne root-infecting fungi, and drought stress seedling to grain maturity (black-layer forma

on the incidence and development of root and tion) in both nondrought-stressed plots and in 

stalk rot, plant senescence, and lodging. The drought-stressed plots from onset of flowering 
a to by platingexperimental design was split plot with six grain maturity. This was done 

replications, with fumigation treatment as main surface-sterilized pieces of roots, crown, and 

plots and drought stress treatment as subplots. first internodc on potato dextrose agar and 

The subplot size was 8 m x 8 m. The soil was czapek dox agar media. Seven Fusariumspecies 

fumigated with Dazomet® (tetrahydro-3, 5-di- (F.monililrme, F.moniliforaevar. subgluti

methyl-2H-1, 3, 5- thiadiazin-2-thione) at the nans, F monililornievar.interedium,F ox"v

rate of 80 g ai m-2by mixing itwith soil to a depth sporum, F.solani,F.semitectunn, and F chala

of 30 cm. The root and stalk rot-susceptible nmvdosporuni), Macrophoiniaphascolina,Rhizo

was sown and maintained at a ctonia solani, Phoma sorghina, Exserohilumhybrid CSH 6 
population of 133-350 plants ha-'. The crop was rostratum, and Trichoderma harzianum, were 

furrow irrigated until onset of flowering when found to colonize sorghum roots and stems. 
found F moniliformeirrigation was withdrawn to create drought Among these fungi we 

stress. Altogether there were four treatments: (a) var. subglutinansand F oxysporum to be early 

fumigation and drought stress, (b) fumigation colonizers, which increased in abundance after 

and no drought stress, (c) no fumigation and the induction of drought stress from onset of 

drought stress, (d) no fumigation and no drought flowering to maturity. A4. phascolina was not 

stress. We recorded data on green-leaf area, isolated during the early growth stages; it was 

plant lodging, soft stalks, and visible root and isolated after the hard-dough growth stage and 

stalk infection by Macrophomina phascolina then only from drought-stressed plants. Further 

(one of the stalk rot pathogens), at six different work is in progress to establish the primary cau
sal fungi of root and stalk rots in droughtgrain development stages from early milky stage 

to physiological maturity (black-layer formation). stressed plants. 
Results in Table 5 show that plant lodging in 

the nondrought-stressed treatments was low 
(2.8-8.3%) as compared to the drought-stressed Downy Mildew (Peronosclerosporasorghi) 

treatments ,26.2-74.1%). However, in the 
In preliminary screeningdrought-stressed treatments, lodging was signi- Resistance screening. 

ficantly higher in the ronfumigated soils than in in the field nursery at Dharwad (ICRISAT 
we evaluated 1659the fumigated soils. At Dharwad, for example, Annual Report 1982, p.28) 
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Table 5. Time to 50% flowering, green leaf area, lodging, soft stalk, and visible Macrophomina phaseolinaIncidence in sorghum hybrid CSH 6 under different treatments of fumigation and drought stress, ICRISAT Center(IC) and Dharwad (DH), postrainy season 1984. 

Time to 50% Green leaf Visible 
M.phaseolinaflowering (d) area (%) Lodging (%) Soft stalk (%) incidence (%)Treatment IC DII IC DH IC DH IC DH IC DH


Fumigation and 
 56 54 03 22.3 29.1 26.2 19.9drought stress 4.9 26.8 8.3
(-0.23)' (32.6)2 (30.8) 26.5)2 (12.8) (31.2)2 (16.7)

No fumigation and 60 52 0 0 38.2 74.1 30.7 64.6 45.8 84.3drought stress (38.2) (59.4) (33.7) (53.5) (42.6) (66.6)
SE 

(±5.65) (±4.56) (±5.49) (±4.09) (±3.15) (±4.38)
Fumigation and no 56 55 72.3 72.6 8.3 2.8 0 0 0 0drought stress (-0.91) (-0.92) (16.7) (9.6)
No fumigation and 60 52 54 41.1 4.6 3.4 0 0 0 0no drought str,-ss (4.61) (-0.44) (12.4) (10.7)
 

SF ±0.8 ±0.5 (±0.06) (±0.07) (±0.93) (±1.44)
 
CV (%) 1.0 1.0
 

I. Figures in parentheses are log-transformed values using 0.5*log((100-p)/(100+p)).
2. Figures in parentheses are are sine transformed values. 
3. Zero values not used in SE calculation. 

advanced-generation lines from various breed-
ing projects and selected 594 for further testing.
In advanced screening we evaluated 428 genetic 
resources accession lines and selected 124 lines as 
resistant, and evaluated 462 advanced genera-
tion-breeding lines and selected 142 lines as
resistant. We made 82 single-plant selections 
from 42 resistant breeding lines for their agro-
nomic desirability. We will evaluate these selec-
tions for yield in the disease nursery after seed 
increase. 

In 4 years ofresistance screening at Dharwad,
24 lines have consistently shown high levels of
resistance (up to 5% systemic disease) to downy
mildew. The best entries which have shown no 
downy mildew are IS 1032, IS 2204, IS 3443, Is
3547, IS 18757, IS 22227, IS 22228, IS 22229, IS22230, IS 22231, and IS 27042. 

Stability ofresistance. In collaborative research 
at the USDA Plant Disease Containment Labo-
ratory, Frederick, Maryland, USA, 75 sorghum 

lines, reported as resistant to downy mildew by
various researchers, showed differential reac
tions to 16 isolates of the pathogen from Argen
tina, Brazil, Ethiopia, Honduras, India, Nigeria,
and USA. Only 10 lines (IS 1032, IS 2473, IS 
3545, IS 14332, IS 14387, IS 18757, IS 22227, IS
22228, IS22229, and IS 22230) previously identi
fied as resistant in our Inter::ational Sorghum
Downy Mildew Nursery were resistant to all
isolates of the pathogen. These 10 lines with 
stable resistance are valuable for worldwide use
in downy mildew resistance brecding. These 
results emphasize the importance of multiloca
tional testing and collaborative research in the
identification of stable disease resistance. 

Anthracnose (Colletotrichumgraminicola) 

Resistance screening. In preliminary screening 
at Pantnagar in northern India, we evaluated 
106 germplasm accessions and selected 24 lines 
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for further screening, and we evaluated 684
 
advanced-generation breeding lines and selected . ,
 
157 lines for further screening. In advanced
 
screening, resistance was confirmed in 8 entries "
 
identified as resistant in 1983, and 128 entries A f
 
identified as resistant in 1984.. . /
 

We also evaluated ir a replicated trial 14 lines ." , /:
 
-
selected from advanced-generation breeding lines 70'. 

and germplasm accessions for the 4th consecu- ., 
tive year. Results showed that one germplasm . 
accession line (IS 17141) and three agronomi
cally elite ICRISAT-bred lines (PYT2 El, PYT 
2 E6, and TRL 74C 57) were highly resistant to .11 
anthracnose. The same lines were also resistant . .Uj, 
to anthracnose under severe natural incidence of 
the disease at Farako-Ba in Burkina Faso, West Figure 4. Stalk of acromonium wilt-infected 
Africa. sorghum plant cut diagonally to ..how xylem tissue 

necrosis. Note necrotic streaks in veins and intervenial 
desiccation of leaf, ICRISAT Center, 1985. 

Acremonium Wilt (Acremonium strictur) 

In July 1983 at Pantnagar in northern India, we cates that the pathogen colonized the plant sys
observed a number of sorghum plants that had temically after its initial entry via the roots. 
wilted. The most conspicuous symptoms of the When seeds from infected plants were sown in 
disease were necrotic streaks on veins of the leaf a sterilized Alfisol, 59% germinated, and at 
sheath and lamina, followed by foliar desicca- maturity, 20% plants showed typical wilt symp
tion and wilting. When stems of wilted plants toms. This suggests that A. strictur moved sys
were cut across, the xylem vessels or tissues were temically from mother plant to seed and was 
necrotic and colored red (Fig.4). The grains of further transmitted to the progeny internally 
infected plants were considerably reduced in through the seed. This is the first report of the 
size. We isolated the fungus Acremonium stric- seed transmission of the pathogen and of the 
turn from stems of wilted plants and proved its occurrence of this disease in India. 
pathogenicity in greenhouse experiments. The 
identity of the fungus was confiimed by the 
Commonwealth Mycological Institute (CMI), Strigasp 
UK, and the Centraabweau voor Schimmelcul
tures, the Netherlands. Screening for resistance to Striga hermonthica. 

In another experiment, we inoculated potted In Burkina Faso, we screened 26 cultivars includ
plants at the fourth leaf growth stage by drench- ing 7 landraces, 10 advanced-generation breed
ing the soil with a spore suspension of the patho- ing lines derived from crosses with the resistant 
gen after lightly injuring the rooti with a scalpel. cultivar Framida, and 9 advanced-generation 
Disease symptoms appeared in most plants. At breeding lines from Institut de recherches sur 
grain maturity (black-layer formation) we sur- l'agronomie tropicale (IRAT) in pot experi
face-sterilized different plant parts, plated them ments laid out in a randomized-block design 
on potato dextrose agar medium, and reisolated with 10 replications. A landrace variety from 
A. strictum from root, stem, leaf, leaf sheath, Sudan, IS 6961, exhibited the highest level of 
peduncle, main rachis, rachis branch, rachilla, resistance compared to Framida, the resistant 
glume, and grain of diseased plants. This indi- control. Six-hundred-and-fifteen germplasm lines 
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identified to be low stimulant for S. asiaticain 
India were also screened for resistance to S. 
hermonthicain pot experiments. Eighty-six lines 
identified as resistant will be tested in Striga sick 
plots in 1986. 

Breeding for resistance to Striga asiatica. At 
ICRISAT Center, 17 advanced-generation breed-
ing lines, including two resistant lines (SAR I 
and N 13) and two susceptible lines (CSH 5 and 
CSH i) as controls were tested in acheckerboa.-d 
layout in a Striga sick field at Iiijapur, India, in 
the 1984 postrainy season. The test entries exhi-
bited varying degrees of resistance. However, 
SAR 29 was identified as highly resistant since it 
did not support any Striga plants. 

Multilocational testing for Strigaresistance. The 
1985 International Sorghum Striga Nursery 
(ISSN) comprising 10 cultivais- 5 sources of 
resistance, 3 breeding lines, and 2 controls was 
grown by cooperators in Strua sick plots in 
eight African countries. Results received so far 
from two locations in lBurkina Faso (Kamboins& 
and Farako-1i) showed that St'iia infestation 
level in the susceptible control cultivar CK 60 
was satisfactory for meaningful evaluation of the 
entries. For the 4th year, the cultivar IS 6961 
from Sudan was highly resistant to Striga. The 
cultivar Framida, previously considered resis-
tant to Striga, was parasitized by significantly 
higher numbers of Striga at Farako-13a than at 
Kamboins&. 

Insect Pests 

Sorghum Shoot Fly (Atherigona soccata) 

Screening for resistance. In preliminary field 
screening, we evaluated 7000 germplasm acces-
sions using the interlard fishmeal technique, 
and selected 793 accessions for further testing. In 
advanced screening of 225 lines in a replicated 
trial during the rainy season, 10lincs showed less 
than 40% shoot fly damage (deadliearts) as com-
pared to 78.8% in the susceptible hybrid CSH I 

and 48.3% in a resistant line IS 18551. We also 
screened 290 breeding lines using a cage tech
nique (ICRISAT Annual Report 1982, p.21).
Fifty-one lines were selected as resistant under 
multi-choice conditions, of which 12 lines showed 
resistance under no-choice conditions. 

The identified sources of shoot fly resistance 
in cultivated sorghunis are not satisfactory be
cause the levels ofresistance are not high enough,
and vary over seasons. We therefore screened 
wild sorghum species for better sources of resis
tance. We screened 345 wild sorghum accessions 
under no-choice conditions using the cage tech
nique. Thirteen entries showed high levels of 
antibiosis and were rescreened 'n three replica
tions. The results showed that no flies emerged 
from Sorghun purpurioscriceun (two acces
sions) and Sor'ghnundimidiatum(one accession) 
in spite of high egg-laying (average 5 eggs 
plant-') against the control CSH I that had 100% 
fly emergence. These resistant lines had high
trichome density on the leaves that may have 
interfered with larval movement. Attempts will 
be made in future to transfer this resistance from 
the wild sorghums into cultivated ones. 

Breeding for resistance. The sorghum popula
tion being developed for resistance to shoot pests

(shoot fly and stem borer) was random mated for
 
the fifth time under natural shoot fly and artifi
cial stem borer infestations during the rainy sea
son at ICRISAT Center.
 

We evaluated 136 experimental hybrids, result
ing from three shoot fly-resistant male-sterile 
lines (PSA 14832, PSA 21459, and PSA 21453)
for shoot fly resistance at ICRISAT Center dur
ing the postrainy season. Two hybrids with less 
than 40% deadlhearts were selected as less sus
ceptible than CS H 1,which had >85% deadhearts. 

We screened 134 F, progeny segregating for 
shoot fly resistance, and selected 312 shoot fly
danlage-frce plants. We also evaluated 1238 
advanced progeny (F 6 and F 7) for resistance and 
agronomic desirability. The best progeny were 
PS 27655-3, PS 28060-2, PS 28060-3, PS 28062, 
PS 30706-1, PS 30715-1, PS 30723-3, and PS 
30731. These lines will be included in the 1986 
International Sorghum Shoot Fly Nursery (IS
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SFN) to test the stability of shoot fly resistance plant-'. Plants infested at 30 DAE or later did 
across locations and environments, not develop deadhearts. Egg mass infestation at 

15 and 20 DAE resulted in fewer deadhearts than 
Multilocationaltesting. Wesentthe 1984 ISSFN larval infestation. 
comprising 13 germplasm accessions, 10 ICRI
SAT-bred lines, and 2 susceptible control culti- Factors associated with resistance. In previous 
vars (CSH I and a local entry) to cooperators in resistance screening trials, we observed that 
Asia and Africa for resistance evaluation. We sorghum lines that grew fasterduring the vegeta
received data from II locations (7 from India, tive stage were less susceptible to stem borer. To 
and I each from Ghana, Mali, Pakistan, and study the factors associated with this resistance, 
Thailand). Twelve lines had less than 30% shoot we monitored various growth parameters such 
fly damage across locations compared with 51% as plant height, time of panicle initiation, inter
on CSH I and 56% on local control cultivars. nodal elongation, and number of internodes, on 
The most resistant lines across locations were IS 20 lines with varying degrees of resistance during 
2123, IS2205, IS2394, IS 3962, IS5470, IS5566, rainy and postrainy seasons. Results showed 
IS 18551, PS 20092, and PS 21318. that early panicle initiation and faster internodal 

elongation were associated with resistance to 
Chemical control. During the 1985 rainy sea- stem borer. 
son, we assessed the effectiveness of cyperme- Since time of panicle initiation and internodal 
thrin applied with an electrodyne sprayer in con- elongation were not the only factors associated 
trolling shoot fly. Under severe shoot fly pressure, with resistance, we also examined biological 
plots treated three times with cypermethrin at 6, parameters such as first instar larval establish
10, and 14 days after crop emergence showed ment, time at which larvae enter the stem, larval 
40% deadhearts against 100% in the nontreated mass, and duration of larval development, pupal 
control. Foliar applications of Oncol®and fenva- mass, and survival rate on 20 lines during the 
lerate applied as high-volume sprays failed to 1985 rainy season. These lines were infested with 
control shoot fly. egg masses and we recorded the number of eggs 

hatched on each plant. We found significant dif
ferences in number of larvae in leaf whorls and 

Stem Borer (Chilopartellus) stems, larval mass, and survival rate (Table 6). 
The number of larvae in the leaf whorls was least 

Yield-loss assessment. We conducted a yield- in IS 12308 (25%), IS 13100 (39%), and IS 2269 
loss trial by infesting plants with different num- (40%) compared to IS 18573 (77%) and ICSV I 
be, s of stem borer eggs (0, 10, 20, 30, and 50 egg (51%). Fewer larvae were recovered in the stem 
masses plant-'; one egg mass contained 30-40 10 days after infestation in five lines (IS 1044, IS 
eggs) and larvae (0, 4, 8, and 12 plant-') at 5 2123, IS 4776, IS 5585, and IS 13100). Larval 
different crop growth stages (15, 20, 30, 40, and mass was significantly lower (<90 mg larva-') in 
50 DAE) to determine pest density and plant- six lines(IS 2309, IS5585, IS 12308, IS 13100, IS 
growth stage at infestation that result in grain 18333, and IS 18577) as compared to IS 18573 
yield loss: Early stem borer infestation (15 DAE) (140 mg larva-') and ICSV I (115 mg larva-'). 
with either first instar larvae or eggs resulted in Survival rate as measured by total insect recov
significantly higher death of the main shoot cry was low in IS 2205, IS 2309, and IS 18333 
(deadheart) and subsequent yield reduction. (8-10%) as compared to 28% in 1S 1044 and 24% 
Variation in larval infestation level at 15 DAE in CSH I. Further experiments are necessary to 
had no influence on the number of deadhearts or identif: the important mechanisms and to quan
yield. However, plots infested 20 DAE with 12 tify their role in overall resistance. 
larvae plant-' showed significantly higher dead
hearts than those infested with 8 or 4 larvae Resistance screening. In preliminary screen
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Table 6. Factors associated with stem borer resistance In sorghum, ICRISAT Center, rainy season 1985. 

Larvae in 

Leaf whorl Stem Lirval mass Total insect 

Genotype DH' (%) 
Time to 
P12 (d) 

I DAI 
(%) 

10 DAI' 
(%) 

21 DAI 
(mg) 

recovery 
28 DAI 

IS1044 24 53 54 9 92 28 
IS2123 9 33 54 7 93 15 
IS2205 33 39 57 16 103 9 
IS2269 - 33 40 17 127 22 
IS2309 18 30 53 35 85 8 
IS4776 20 40 44 10 109 20 
IS5469 8 33 57 11 98 25 
IS5538 - 56 56 12 99 22 
IS5585 49 33 41 9 85 15 
IS12308 36 17 25 31 89 21 
IS13100 30 25 39 7 88 18 
IS13674 41 28 64 24 101 26 
IS18333 54 53 58 21 85 10 
IS18551 25 38 62 10 109 23 
IS18573 23 56 77 10 140 20 
IS18577 33 51 41 21 84 21 
IS18579 29 40 42 13 92 15 
IS18580 
ICSV I 
ICSV 2 

38 
62 
38 

40 
33 
28 

57 
51 
42 

12 
17 
13 

99 
115 
94 

19 
20 
24 

SE ±6.5 ±4.3 ±6.5 ±4.5 
CV(%) 18 45 9 33 

I. DII Deadhearts (larval infestation 20 days after emergence). 
2. P1 =Panicle initiation. 
3. DAI = Days after infestation. 

ing, we evaluated 3000 germplasm accessions agronomically elite lines during the 1984 post
under natural infestation at Hisar during the rainy season. Forty-four agronomically desir
rainy season, and selected 620 lines for further able Fs were selected and their F2 progeny were 
testing. In advanced screening of 121 lines tested screened for resistance under natural infestation 
in a replicated trial under artificial infestation at at Hisar during the rainy season. Out of these,
ICRISAT Center and natural infestation at 163 stem borer-free plants were selected. We also 
Hisar, 13 lines (IS 2375, IS 2376, IS 4757, IS screened 158 stem borer resistant advanced lines 
5619, IS 9608, IS 21969, IS 22039, IS 22091, IS (F 6 and F7), 91 F4 s, and 65 F.s, under natural 
22145, IS 22507, IS 23411, IS 23962, and IS infestation at Hisar and artificial infestation at 
24027) were identified as resistant at both loca- ICRISAT Center during the rainy season. Two 
tions. lines, PB 10306 among the advanced progeny 

and PB 10688-2 among the F4 progeny were
Breeding for resistance. Sixty-eight crosses were identified as resistant to stem borer. 
made between 5 stem borer resistant lines and 17 
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Sorghum Midge (Contarinia sorghicola) Multilocational testing. Data of the 1984 Inter
national Sorghum Midge Nursery from 10 loca-

Biology. Our studies on population monitor- tions (7 in India, and I each in El Salvador, 
ing and larval diapause continued at Dharwad Ghana, and Mali) showed that cultivars IS 3461, 
and Bhavanisagar. At Dharwad, we observed IS 7005, IS 8571, IS 15107, IS 18733, IS 19512, 
maximum midge populations during the 2nd PM 6751, PM 7032, PM 7318-2, PM 7526, PM 
and 3rd week of November. Due to prolonged 8787-2, and PM 11344 (ICSV 197) were resistant 
drought, the midge population peak was delayed to midge across locations (Table 7). 
by nearly 15 days. The midge incidence on germ
plasm and breeding lines was less than in the 
previous seasons. We screened a number of Head Bug (Calocoris angustatus) 
chemicals in combination with yellow traps for 
their usefulness in monitoring midge popula- Biology. We monitored head bug populations 
tions. Ethanol-baited yellow traps caught the at ICRISAT Center by sampling sorghum pani
maximum number of midges. cles at the milky-growth stage at fortnightly 

intervals from January to December. The maxi-
Resistance screening. We screened 2000 germ- mum number of head bugs were recorded during 
plasm accessions for midge resistance at Dhar- the second fortnight of September. The initial 
wad, and selected 283 for further testing. We also buildup of the head bug population was slow 
screened 687 breeding lines, of which 46 were probably because of a prolonged period of 
resistant under natural infestation conditions. drought during August. Head bug populations 
Entries in the 1985 International Sorghum Var- were also monitored :n a sorghum crop using 
ietyTrial(ISVAT 85) and the 1985 International white sticky traps at heights of 1, 1.5, and 2 m. 
Sorghum Hybrid Trial (ISHAT 85) were also The highest number of bugs were trapped at a 
screened for midge resistance; only one line height of 1.5 m. During the off-season, no bugs 
ICSV 197 (PM 11344) was resistant. In advanced were caught in the sticky traps. 
screening, we evaluated 225 germplasm acces- We studied oviposition by head bug females 
sions and breeding lines at ICRISAT Center, on six sorghum cultivars by releasing 20 pairs of 
Dharwad, Hisar, and Pantnagar, and selected adults at panicle emergence onto each panicle 
150 lines for further testing under no-choice enclosed in a cage. Panicles were sampled 5days 
conditions. after adult release, and 500 randomly-selected 

florets were examined under a microscope for 
Breeding for resistance. We incorporated five head bug eggs. We recorded the total number of 
improved midge-resistant breeding lines PM eggs, and florets with eggs. The number of eggs 
6981, PM 7018, PM 7172-1, PM 7322, and PM laid (151 eggs 500 florets-') were significantly less 
11344 into the midge and head bug-resistant in 1S 17645, a less-susceptible cultivar compared 
population in 1984 postrainy season, and in the to the highly-susceptible cultivar Swarna (562 
following summer season the population was eggs 500 florets-'). 
advanced without screening for midge resis- We studied the orientation behavior of adults 
tance. Subsequently, it was random-mated for towards light passed through different colored 
the fifth time during the late rainy season. gelatins (green, yellow, blue, red, violet, and 

Fifteen advanced-generation breeding lines clear). More adults were attracted to light passed 
were screened for midge resistance under natural through clear gelatin, and least to light passed 
midge infestation at Dharwad and artificial through red gelatin. Panicles of CSH 5 at the 
midge infestation at ICRISAT Center. PM milky-growth stage were nonpreferred when 
7017, PM 7018, PM 7032, PM 7104-1, PM 7172- they were illuminated with light passing through 
1, PM 7499, PM 7526, and PM 11344 (ICSV red gelatin, but preferred when illuminated with 
197) were resistant. light passing through clear gelatin. 
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Table 7. Midge damage in 25 sorghum genotypes at 10 locations in the International Sorghum Midge Nursery, 
1984. 

Locationsi and damage rating'
 
Genotype 
 1 2 " 4 5 6 7 8 9 10 
IS 61 5.0 2.0 2.0 2.0 3.0 5.0 - 5.0 3.0 5.0 
IS 2549C 	 2.5 2.0 2.0 3.0 3.0 1.0 3.5 4.0 1.0 1.0 
IS 3461 	 1.0 1.0 2.0 2.0 3.0 1.0 1.0 3.0 1.0 1.0 
IS7005 	 1.0 1.5 2.0 2.5 3.0 1.0 1.0 3.0 1.0 1.0
IS 8571 	 1.5 1.5 1.0 3.3 3.3 1.0 1.0 2.0 1.0 1.0 
IS 10712 2.0 2.5 1.0 3.0 4.0 1.0 3.0 3.5 1.5 1.0 
IS 15107 1.0 1.5 2.0 3.0 2.0 2.0 2.0 2.0 2.0 1.0 
IS 18733 1.0 1.0 1.0 3.0 3.0 4.0 2.5 2.5 1.0 1.5
IS 19512 1.0 2.0 2.0 2.5 2.0 1.0 1.5 3.0 1.0 1.0 
IS 21873 	 2.0 3.0 2.0 2.5 2.5 4.0 2.0 4.0 1.0 1.0 
PM 6751 3.0 1.5 2.0 3.0 3.0 1.0 1.5 3.0 1.0 1.0
PM 7032 2.0 2.0 2.0 2.5 2.5 1.0 1.5 3.0 1.0 1.0 
PM 7061 1.5 1.5 2.0 3.0 2.5 1.0 1.0 4.0 1.0 1.0 
Pvl 7164-1 	 2.0 2.0 1.0 3.0 3.5 4.0 1.5 4.0 1.0 1.0
PM 7318-2 	 2.0 1.5 3.0 2.0 3.0 1.0 2.0 3.0 1.5 1.0 
PM 7322 1.0 1.0 2.0 3.0 3.0 2.0 2.0 3.5 2.0 1.0
PM 7526 	 1.0 3.0 1.0 3.0 2.5 1.0 1.5 3.0 1.0 1.0 
PM 8787-2 2.0 1.0 3.0 3.0 1.0 1.5 3.0 1.0 1.0 1.0 
ICSV 197 	 1.0 2.5 2.0 2.5 3.0 1.0 1.0 3.5 1.0 1.0 

Controls 
-AF 28 (R) ' 	 1.0 2.0 1.0 2.0 3.0 1.0 1.5 2.0 1.0 1.0

[-AM 2566(R) 	 1.0 1.0 2.0 3.0 2.5 1.0 2.0 3.0 1.0 2.0
DJ 6514 (R) 	 1.0 2.5 2.0 2.0 2.0 2.0 1.5 3.0 2.0 1.0 
Local cultivar 	 4.0 3.0 2.0 5.0 4.0 4.0 5.0 4.0 3.5 4.0 

-
CSH I (S)l 	 4.o 2.5 2.5 5.0 4.0 5.0 5.0 4.5 3.5 5.0 
SE 	 ±0.18 ±0.34 ±0.87 ±0.2F ±0.36 - ±1.16 ±0.44 ±0.38 ±0.26 

I. 	 I =Dharwad, Karnataka; 2=Surat. Gujarat; 3 =Parhhani, Maharashtra; 4 =ICRISAT Center,I;5 lCRISAT Center,II;6 = 
Kovilpatti, Tamil Nadu; 7 = Tolichowki, flyderabad; 8 = Nyankpala, Ghana; 9 = Sotuba, Mali; 10 = San Salvador, El 
Salvador. 

=
2. 	Damage ratings: I 0,'10% 11-25fi chafl florets. 3=chaffy florets, 2 26-40% chaffy florets, 4 =41-60% chalfy florets, and 5 
>60% chaffy florets. 

3. 	R = Resistant, S =Susceptible. 

In a feeding rhythm test, it was found that Resistance screening. Using the infester-row 
maximum probing and feeding occurred between technique (ICR ISAT Annual Report 1984, p.35),
1300 and 1800 h, and least from 1900 to 2400 h. we screened 2174 germplasm accessions for
Probing was not observed from 0000 to 0500 h. resistance, and selected 473 lines for further test-
The frequency and duration of probing and feed- ing. In advanced screening, we evaluated I1I
ing was higher on CSH 5, a susceptible cultivar, germplasm accessions under natural infestation 
than on less susceptible cultivars, IS 2761 and IS and artificial infestation, by enclosing panicles in
17645. a headcage, and selected 67 lines for further test



Sorghum 47 

ing. We screened 180 ICRISAT-bred varieties Chemical control. We tested six systemic insec
and hybrids and found all of them susceptible to ticides for head bug control and found methyl 
head bugs. demeton to be the most effective, although it did 

not differ significantly from carbaryl, a contact 
Panicle-growth stage in relation to head bug insecticide effective for head bug control. We 
susceptibility. We studied head bug population also tested carbaryl at dosages of 250, 500, 1000, 
buildup and grain damage on 5 cultivars (IS and 2000 g ai ha-' and found that 500 g ai ha- I 

2761, IS 6984, IS 9692, Swarna, and CSH 5) at was most effective for head bug control. 
four panicle-growth stages in a split-split plot 
design with growth stages in main plots, culti
vars in subplots, and head bug population in Head bug(Eurystylusmarginatus) 
sub-subplots. Panicles enclosed in a cage were 
infested with head bugs at emergence, half- Host-plant resistance. We studied host-plant 
anthesis, postanthesis, and milky-growth stages resistance to the head bug Eurystylus margina
with four levels of head bug populations (5, 10, tus, in Mali in I I cultivars with different panicle 
15, and 20 pairs of bugs panicle-1). Head bug and glume characteristics using a headcage tech
population buildup after infestation decreased nique whereby protective cages were placed on 
with increasing panicle maturity (Fig.5) proba- panicles at anthesis. We infested five randomly
bly due to difficulties in oviposition (generally selected panicles with 20 pairs of head bugs at the 
the eggs are laid in florets before anthesis) and milky-growth stage, and counted adults and 
the inability of nymphs to feed on developing nymphs 20 days after infestation. Grain was 
grain that hardens with age. At maturity, the threshed and separated for density in a sodium 
susceptible cultivars CSH 5 and Swarna had nitrate solution. The grain was also tested for 
supported more head bugs than IS 2761, IS germination and food quality. We found consid
6984, and IS 9692. erable varietal differences in head bug damage. 

The Guineense sorghums, CSM 388 and IS 
14332, and Malisor 84-7 (83-F,,-225) had little 

20- grain damage compared to the other sorghums. 
SE pairs t0.21 Days to glume opening, glume length, and glume 
SE panicQ stage f3.23 covering of the grain contributed towards head 

"N -bug resistance. Head bug damage had a negative 
w".effect on germination. The keeping quality and 
U color of t5 made from nondamaged grain was 

to- 'better than that made from damaged grain. 
pair In a second experiment, we studied the growth 

10 pai,-- stage of the panicle and the numbers of head 
s5 --- IS pairs bugs that give the maximum grain damage. 

..... 20 pairs Headcages were placed on panicles of Malisor 

r 84-7 at panicle exsertion. Panicles were infested 
0o with 5,10,20, and 40 pairs of head bugs at 3grain

pmaenri H'lf Pao Mfka development stages (post anthesis, milky, and 
emergene anithes is anihes$ stagQ 

Stage of development at infestation post milky). The experimental design was a split
plot with stage of panicle development as the 

Figure 5. Head bug population buildup in sorghum main treatment. Panicles infested with head 

panicles from five cultivars infested at panicle emer- bugs at anthesis supported the maximum number 

gence, half anthesis, postanthesis, and milky stage of head bugs, and suffered more grain damage 

under headcages, ICRISAT Center, rainy season than panicles infested at milky and post milky 
1985. growth stages. This indicated that the timing of 
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infestation is critical in obtaining optimum da-
mage for screening breeding material for resis-
tance to Eurystylus sp. 

Fall Armyworm (Spodoptera frugiperda) 
and Sugarcane Borer (Diatraea saccharalis) 

Breeding for resistance. Sorghum yield losses 
in Latin America caused by the fall armyworm 
and the sugarcane borer can be quite high. The 
ICRISAT regional program for Mexico and 
Central America isbreeding sorghums for resis-
tance to these pests using insect-rearing facilities 
at CIMMYT to provide insects for artificial, 
uniform, and timiely infestation of sorghum 
lines. 

We made crosses between insect-tolerant lines, 
artificially infested their progeny, selected F, 
plants that showed resistance, and advanced 
them to F3 and F4 generations. Finally, we corn-
pared the F5 generation with the original parents 
in a replicated yield trial using artificial infesta
tion. Our results indicated that the pedigree
approach to accumulate genes in order to obtain 
more resistant genotypes is not effective; i.e., 
there was no genetic gain in resistances to the 
two insects. Work now in progress aims to im-
prove levels of resistance by population breeding. 

Neem (Azadirachta indica) for Insect Control 

In collaboration with the Regional Research 
Laboratories (RRL), Hyderabad, we continued 
to study the antifeedant properties of neem for 
insect control. We screened 75 formulations of 
neem fraction G and identified II formulations 
for further testing. We evaluated a formulation 
of neem fraction G for insect control on sorghum
along with neem oil, the insecticide malathion, 
and a nontreated control. An oriental army-
worm(Mythimninaseparata)damage rating of 2.7 
(on a scale of 1-5, where l=no damage and 
5=most damage) and spotted stem borer (Chilo
partcllus)damage (stem tunneling) of 3.7% were 
significantly lower in neem-treated plots than in 
nontreated plots (3.8 oriental armyworm dam-

age rating, and 13.7% stem tunneling, by spotted 
stem borer). 

Plant Improvement 
ICRISAT Center 

Conversion of TalI,Photoperiod-sensitive 
Tropical Landraces 

Conversion of Zerazera landraces. We com
pleted the conversion of some pnotoperiod
sensitive and tall Zerazera landraces from Ethio
pia and Sudan to day-neutral and short day 
backgrounds for use in ICRISAT and national 
breeding programs. One-hundred-and-fifty lines 
were finally selected from the converted Zera
zera populations, selfed in the rainy season, and 
assigned International Sorghum Conversion 
(ISC) numbers. 

Conversion of Nigerian Kaura and Guineense 
landraces. The second group of material chosen 
for conversion included highly photoperiod
sensitive Kaura and Guineense landraces from 
Nigeria. Selections from single cross F2 progeny 
were advanced to F . We selected from 205 F3. 
progeny of single crosses of 5 Kauras (IS 24704, 
IS 24737, IS24750, IS24881, and IS 27044) and
3 Guineense (IS 24885, IS 24886, and IS 27043) 
with 7early and dwarf genotypes, 26 early dwarf
landrace-type segregants for backcrossing to the 
landraces. 

Multifactor Resistant Populations 

We continued the development of five broad
based multifactor resistant (MFR) populations, 
each planned to have resistances to a set of dis
eases and insect pests important in priority geo
graphical regions of the semi-arid tropics(ICRI

40SAT Annual Report 1984, p. -4 1).
We intermated 224 Sis from Rs/R, 42 S2s 

from US/ R, and 174 Sjs from Indian Synthetic
and obtained 2696 half-sibs to form the base 
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materialsforlCSPIR MFRandlCSP3R MFR erately resistant to grain molds (< 3 TGMR, 
populations. To form the base materials for where I = no mold, and 5 = more than 50% grain 
ICSP 2B M FR and ICS P 4B M FR populations, surface molded), 3 to midge (< 3 score, where I= 
36 S2s from US/B and 268 Sis from Rs/ B were 10% grain damage and 5 = >60%grain damage), 
intermated resulting in 1738 half-sibs. To develop 16 to shoot fly (< 50% deadhearts), and 8 to stem 
the fifth population, ICSP 5BR M FR, 18 S2s of borer (< 50% deadhearts under natural infesta
the West African Early (WAE) population were tion at Hisar). Of these, 5 S2 lines resistant to 
intermated to give 900 half-sibs. anthracnosc, I I to shoot fly, 2to stem borer, and 

To ascertain restorability/nonrestorability of 2 to midge belonged to the US/ R population. In 
the R/MFR and B/MFR populations base the US/ B population, one S, line was resistant to 
materials, we evaluated the test crosses of the downy mildew, one to shoot fly, and 5 to stem 
SI/S~s(that were involved in intermating in 184 borer (under artificial infestation). The resistant 
postrainy season) of the US/ R, Rs, R, Indian lines, thus identified from the populations, will 
Synthetic, Rs/B, and US/B populations for be furthercrossed to the respective B/ or R/ MFR 
seed-set in bagged panicles. We observed R- population base materials. 
allele frequencies: 0.95 in Rsi R, 0.84 in US; R, 
and 0.82 in Indian Synthetic; and B-allele fre- Subpopulation evaluation. Six synthetics(ICRI
quencies, 0.79 in Rs/1B, and 0.48 in US/ 13. We SAT Annual Report 1984, p. 42), hereafter 
did not evaluate WAF for its restoration as the referred to as subpopulations, in three levels of 
population ICSP5BR MFR to be developed random matings wereevaluated foryield, height, 
from this should contain both R- and B-alleles. and I)TF at three locations in India. These sub-

We nade 967 S, selections from R M FR half'- populations were developed from the. paired 
sibs, 390 from B MFR, and408 from BR/MFR, crosses made within US/ R population and be
after excluding those half-sibs from evaluation tween US/ R females and WAE males. These 
that have B-allele in R/MFR, and R-allele in were separately random mated (Co-once, CI-
B/ M FR as determined by the testcross studies, twice, and C,-thrice). Results showed that tall, 

medium, and short subpopulations had distinctly 
Introducing variability for resistances. Lines different heights as was expected, based on the 
resistant to shoot fly (6), stem borer (9), midge intercrosses that were made to form the sub
(7), grain molds (2), downy mildew (6), leaf dis- populations. 
eases (5), Striga (3), drought (6), and with seed- Grain-yield performances of the subpopula
ling vigor (2) were crossed as females with tions are presented in Table 8. Considering the 
R/ MFR and B/ M FR population base materials deviations of C0 from C and of the mean of Co 
to introduce variability both for cytoplasms and and C, from C,, the levels of random mating did 
genomes. Of the 46 resistant sources, only one not show a significant effect on yield except in 
good grain line with good emergence through a two comparisons (US/ R x US/ R short subpop
crust had the B-allele. Improvement for the ulation for the former comparison under high 
resistances in the B-background would thus fertility, and US/ R x WAE-medium subpopula
require additional efforts of testcrossing the tion for the latter comparison under low fertil
resistant selections of the above R (resistant ity). This suggested that through random mat
sources) x B (B/MFR) crosses in developing ing, the subpopulations maintained similar gene 
B/ M FR. frequencies and that there was little inbreeding 

depression. A similar analysis was made on the 
Evaluation for resistances. In the advanced 36 coniparisons to study the effects of height on 
screening tests of lines including the S2s of US/ R yield. Two comparisions, tall vs short of Co and 
and US/B, 14 lines were found resistant to C2 of US/R × WAE under ICRISAT's high
downy mildew (< 5;c* plants infected), 16 to fertility conditions (see Table 8), showed distinct 
anthracnose (< 5% leaf area damaged), 9 mod- effects of height on yield. In all the other 34 
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comparisons, height did not significantly affect Subpopulations were not superior to the bestyield. hybrid control SPH 22 1, at any of the locationsThe inter- and intra-subpopulations were not and collectively they yielded 15% less than thesignificantly different at any location when control hybrid. However, contraryto ourexpecjudged either on the basis of paired-crosses tation, none of them had significantly higherbulks, or subpopulations. yields than the best available varietal controls 

1985. 

Entry 

US /R US,/1Z PC5iulk 
US/R WAI" IUC Bulk 
US! ,U:,/ R (',Tall 
US, R R MediumJS I', 
I', tISR ',Short 

SR17 tUS R C, Iall 
US/R US R C, Medium 
USAORXUS. R C',Short 
US/ R IS'R, Fall 
US/R tS/ R C' Medium 

tS/1R,,US /R C, Short 
US/R,', \VAI ('TaIll 
US/Rx WA : (',,Medium 
US/R xWAIF C Short 
US/Rx WA 1: C',[all 

UiS/ R"WA F C, Medium 
US/ R xWA 1: C, Short 
US/RxWAE C, [all 
US/RxWAI-C, Medium 
US/RxWAE C,Short 

Controls
 
Sf1-I 221 

CSH 6 
SPV 351 
SI'V 386 
ICSV 112 (SPV475) 

SE 

CV(%V) 


Efficiency(%) 


Table 8. 	 -Mean grain yield (kg haI)of sorghum subpopulatiis eualted' a((ree 

I. I" 

4620 
4880 
4561) 
4940 
5030 

4731) 
4910 
4450) 
4660 
4690 

4760 
4420 
5000 

4680 
4120 

4200 
4670 
4140 

4940 

5080 


4810 

2140 

4590 
4160) 
4280 


±246 

9 


94 


I'R ISAT 	('cnter 

II'D 

323(0 
3341) 
3370 
3510 
3760 

3240 
3350 
3620 
3210 
3310 

2941) 
2850 
3151) 
3690 
3020 

3210 
3010 

3370 
3570 
3400 


4750 

391)0 

3820 
3770 
3950 


±271 

14 


120 


locatiojis in India, rainy season 

1)harwad4 Mean 

6760 4870 
6900 5040 
7720 5220 
7320 5260 
76010 5460 

693) 4970 
6890 5050 
6860 4980 
7640 5170 
7180 5061) 

7180 4961) 
6541) 4601) 
6910 5020 
719(0 5190 
6760 4630 

6360 4590 
6921) 4870 
7050 4850 
7320 5270 
6970 5150 

8130 5900
 
6200 4080
 
6600 51)00 
7510 5150 
6760 5000 

±447 

I1
 

91
 
I.5x5 tripple lattice,
plot size 12 mi atICRISAT Center and 7.2 m'atIharwad. 
2. LF =Low fertility
(N40:1 20:K 0) 
3. HF = High fertility (N 80:1 56:K 0)
4. Dharwad (N 100:1P 60:K 60) 
5.PC = Paired crosses. 
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(SPV 351, SPV 386, or SPV 475) at any of the at five locations in India. Yield data for selected 
locations. This suggested that we need to develop high-yielding lines are given in Table 10. Most of 
synthetics; with lines known to have high levels the lines were tall, varied in days to 50% flower
of specific combining ability (SCA), and also ing from 67 days (ICSV 209) to 77 days (ICSV 
with a relatively large number of SCA lines, in 213). They also differed in height. For example, 
order to determine the feasibility of developing ICSV 221 was very tall (225 cm) while ICSV 202 
synthetics superior to the best varieties, was short (141 cm). At Anantapur, where the 

varieties experienced r.aidseason drought, ICSV 
Male-sterilealleleintrogression. Agenetic male- 221 and ICSV 213 gave the highest yields. 
sterile allele (MS3) is being introgressed into 24 
postrainy season-adapted lines and 2 drought- Female Parents (Male-steriles) for Hybrids 
resistant lines and they are in backcross (BC), 
and BC3 stages. These MS3 isogenic lines, will be Milo cytoplasm. We continued to convert into 
ready in another 2 seasons, and will be valuable male-sterile lines, those rainy-season adapted 
to the national programs as they provide a ready and postrainy-season adapted, nonrestorers of 
means of creating genetic variability for post- different heights and maturities, with good grain 
rainy-season adaptation. characteristics and resistance to leaf diseases. 

We made 58 nonrestorer x nonrestorer crosses to 
Derived lines. We made single-plant selections improve the nonrestorers; 250 agronomically 
in advanced generations and continued to advance superior plants were selected from the F2 popu
these by the pedigree method. From the evalua- lations grown without protection from insect 
tion of 80 selections in the 1984 postrainy and pests during the rainy season. We evaluated 126 
124 in the 1985 summer seasons, 264 individual new A and B pairs in BC 3 , and selected 39 pairs 
plant selections were made. We evaluated these, of diverse types for height, maturity, and head 
along with other derivatives of M 35-1 and types. In addition, from 117 A and B pairs of 
drought-resistant materials, a total of 850 deriv- postrainy-season adapted materials with bold 
atives in various generations (F3 to F8), in the grain grown during the rainy season, we selected 
1985 rainy season; and advanced 370 individual 77 backcrossed plants (for the 3rd and 4th time). 
plants for further selections. The resulting plants were short (1-2 m), with 

In addition, from earlier evaluations we pro- bold (100-seed mass >2 g) semicorneous grain 
vided 32 varieties and 6 experimental hybrids to and good male sterility. 
common breeding trials for further testing in The shoot fly-resistant nonrestorers PS 21359 
1985. Also, 12 B lines were included in the com- and PS 21747 were converted into male steriles 
mon B-Line Observation Nursery. and are now ready for hybrid production. Midge

resistant nonrestorers, PM 7061 and PM 7068, 
are in the BC5 and BC.1 stages of conversion. 

Evaluating Advanced Elite Varieties We supplied 45 male steriles selected for supe
rior agronomic performance and resistance to 

We yield tested 144 agronomically elite varieties leaf diseases (ICRISAT Annual Report 1984, p. 
from different projects at four locations in India 42) to 28 cooperators (outside lndia) and 6 breed
during the rainy season. These varieties were ers in India so that they could study their stabil
derived from diverse parents known to have ity for male sterility and yield. In a three
resistance to some yield-limiting factors. Yield locational (ICRISAT Center, Bhavanisagar, and 
data of selected high-yielding varieties are given Dharwad) testing of 64 nonrestorer lines, ICSB 55, 

-in Table 9. The selected lines varied for plant yielded over all locations 5430 kg ha 1, ICSB3 
height (173-239 cm) and days to 50% flowering yielded 5150 kg ha- 1,and ICSB 13 yielded 5130 
(68-72 days). kg ha-'; significantly higher than the grain yield 

We also evaluated our advanced elite varieties of the control BTX 623 (4610 kg ha-). 
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Table 9. Mean grain yield (kg ha- 1)ofselected sorghum varieties evaluated' at four locations in India, rainy season 
1985. 

ICRISAT Center Ilhj Dhar-
Entry Pedigree 4Vertisol 2 AlfisolP sagar wad5 Mean 
ICSV 233 [IS 9562x(IS 12611 XSC 108-3)]-3-2-2-5-1 4030 5380 6990 7110 5880ICSV 339 (PS 21143,E 35-1)-3-2-3-3 4120 5120 5970 7640 5710ICSV 234 [IS 20569x(IS 12611 SC 108-31]-1--2-4-3 3580 5220 6091 7820 5680ICSV 332 (PS 21143xE 35-1)-2-2-4-1 3360 4830 6520 7630 5580ICSV 230 (SPV 475xQI. 3)-l-1-1-2 3340 5830 6310 6830 5580 
ICSV 246 [IS 20509 (IS 12611ISC 1018-3)-l-1-2-1]-2-1-4 3421 50001 6920 6640 5490ICSV 296 [(M 35-xM 1009)-3-2-l,6 1..]-5-1-4-2-1 2470 4910 74010 7140 5480ICSV 272 [(M 35-1IM 1009)-3-2-xF5-6]-5-2-3-1-I 2630 5530 6580 7160 5470ICSV 338 (PS 21143x- 35-10-3-2-2-3 3281 5201 6220 7100 5450ICSV 295 [(M 35-1M 1009)-3-2-1-6 F]j-5-1-4-1-1 2841 4360 7450 7100 5440 
ICSV 330 (PS 211431- 35-1)-2-2-2-3 3250 5340 6130 7030 5440ICSV 247 (E36-1xCS 3541)-3-15-1-2-2 4000 4411 6631 6620 5410ICSV 273 [(M 35-I,,M 10(9)-3-2-1xF-6]-5-2-3-1-2 3100 4311 6310 7890 5400 
Controls 

ICS1t 1536 296Ax(SC 108-3x('S 35411-27-2-1 3880 6540 7940 8400 6691CSII 96 296AxCSV 4 3470 6110 6310 7380 5820ICSV I (SC 108-3"CS 3541)-19-1 3730 4810 5360 6380 5170ICSV 112 
CSt 16 ' 

(IS 12522C"555)1(IS 3612C"221913
CK 60Ax1S 84 

)-5-IxE 35-1]-5-2 2310 
3210 

4000 
277(0 

6811 
3150 

6810 
6661 

4981 
3950 

SE ±440 ±396 ±715 ±567 
CV(q) 26 14 21 13 
Efficiency ((7) 93 117 117 100 

I. 12 x12 lattice, plot si/e 6 rn- at I('RISAT Center and 3.6 it-at I)utr%%ad.
2. Vertisol (N 80:1 56:K 0) 
3. Alfisol (N 80:1P 56:K 0) 
4. Bhavanisagar (N 80:1 30:K 30) 
5. Diarwad (N 100: I()':K 60) 
6. Ilybrid controls 

Nonmilo cytoplasm. Fertility restoration on projects and observed in a common nursery atnonmilo cytoplasm is a major problem in mak- ICRISAT Center, Bhavanisagar, and Dharwad;ing hybrids. The 471 Fts made on A,, A., and 50 were selected for use in hybrid production.
Maldandi male-sterile lines with nonmilo cyto
plasm are being studied for their fertility restora- Hybrid Evaluation 
tion in crosses with germplasrn lines. 

In India, we evaluated 156 experimental (preli
minary) hybrids for yield in two separate trials atMale Parents (Restorers) for Hybrids ICRISAT Center and I3havanisagar. Yield data 
of some of the most productive hybrids are pres-More than 200 lines that restore fertility on milo ented in Table II. The highest-yielding hybrids,cytoplasm were pooled from different breeding ICSH 281, ICSH 210, and ICSH 109, matured in 
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about the same time as the hybrid control CS H We evaluated hybrids selected from the preli
9, which took 64 days to 50% flowering. The minary trials in 1984 for yield at five locations in 
hybrids, ICSH 266, ICSH 316, and ICSH 318 India during the rainy season. The results are 
took less than 60 days to 50% flowering and are presented in Table 12. All the selected hybrids 
early maturers. Several of the selected hybrids were about the same maturity as the control 
were taller and had higher fodder valtes than the hybrid CSH 9 which grew to 163 cm, while sev
hybrid control, CSH 9 (160-cm tall). They were eral of the selected hybrids were taller. Taller 
ICSH 228 (171 cm), ICSH 231 (178 cm), ICSH hybrids include ICSH 205 (193 cm), ICSH 138 
319(180cm),ICSH316(172cm),ICSH 301(173 (186 cm), ICSH 109 (177 ctn), ICSH 106 (!98 
cm), ICSH 305 (183 cm), and ICSI 318 (188 crm), ICSH 117 (178 cm), ICSH 203 (181 cm), 
cm). ICSH 199 (224 cm), ICSH 164 (183 cm), and 

Table 10. Mean grain yield (kg ha-') of selected advanced sorghum varieties evaluated' at five locations in India, 
rain), season 1985. 

I RIS"AT CeniterAtianta- ICIB etrlhavani-

Entry Pedigree purl IIF' I1-4 sagar 5 )harwad& Mcan
 

ICSV 225 (WS 21143-1" 35-I)-3-2-2-4 850 3550 4130 5670 7320 4310
 
ICSV 210 (SPV 350-SPV 475)-2-2-5 980 3290 3470 5230 8470 4290
 
ICSV 224 (PS 21143-F 35-1 )-2-2-2-4 550 4000 3940 546) 7490 4290
 
ICSV 221 (F 35-xIS 5604)-4-1-1-2-1 1311) 2590 4190 4830 8210 4220
 
ICSV 202 (SPV 351)'SPV 475)-2-2-7 750 3390 4090 5310 7490 4210
 

ICSV 219 (F 35-1 x1JS R 703)-2-1-1-2-3 530 3260 4240 5120 766) 4160
 
ICSV 207 (SI'V 475-(1S 12611 xSC 108-3)]44-8-27-2 910 2070 3990 5840 741) 4060
 
ICSV 211 (SPV 350"S1'V 475)-7-1-2-1 700 3420 3460 5450 7200 4050
 
ICSV 21)1) [(148-1: 35-1)-4-24-IS 17797]-1-2-5 570 2960 3811) 5250 7000 3921)

ICSV 214 (I.R 141'xCSV 4)-l-2-4x1nd-Syn 3-3-4-6 970 2630 3521) 5730 6210 3810
 

ICSV 212 (FIR 274xCS'V 4)-6-2-1 940 2950 3950 4540 6470 3770
 
ICSV 209 [(148xE 35-1)-4-2-41S 17797]-3-4-4 640 3260 3800 5290 5380 3670
 
ICSV 213 (Rsi RxCSV 4)-1525-1-1-4-1 1790 1140 2341) 4280 7000 3310
 

Controls 
CSII 9' 296AxCSV 4 980 3510 3650 6720 6550 4280 
ICSV I (SC 108-3xCS 3541)-19-1 460 3640 3110 5420 7260 3980 
ICSV 112 [(IS 12622C-555)x(IS 3612C-221911) 1220 2270 3640 5160 7190 3900 

-5-IxE 35-1]-5-2
 
CSH 11 CK 60AxlS 84 1830 2250 1500 2870 6931) 3070
 

SE 
 ±163 ±365 ±276 ±375 ±370
 

CV(%) 42 25 14 14 9 
Efficiency (%) 121 101 144 114 96 

1. 6 6 lattice, plot site 12 n 2at ICRISAT Center and 7.2 rn at Iharwad. 
2. Anantapur (N 80:11 42:K 0) 
3. !IF= tligh fertility (N 80:1) 56:K 0) 
4. L1F= Low fertility (N 40:P 20:K 0) 
5. hlhavanisagar (N 80:1) 30:K 30) 
6. Dharwad (N 100:11 60:K 60) 
7. Hybrid controls 
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Table 11. Mean grain yield (kg ha-') of selected sorghum experimental hybrids evaluated' at two locations in 
India, rainy season 1985. 

ICRISAT Bhavani-Entry Pedigree -Center sagar 1 Mean 
ICS1 281 296A,(SC 108-3,,)iallel)-21-2-3-3 4500 9660 7080
ICSH 210 ICSA 1-(SC 108-3,CSVI 4)-27-2-1 4170 8600 6380
ICSiI 109 296A,[(SC 108-3' 35-1)-5-1xCSV 41-2-2-1 4750 7770 6260
ICSIH 245 ICSA 16x[(S(' 108-341 35-1)-5-1 ('SV 4]-2-2-1 4330 7860) 6100
ICSFI 266 ICSA 22,(SC 108-3,,GPR 148)-18-4-1 4000 8110 6050 
ICSII 228 ICSA 9,(IS 9327USiR Butlk)-6-1-2-1-1 4470 7680 6050
ICSli 231 ICS/ I Ix(SC 108-3,CSV 4)-11-2-3 3750 8030 5890 
Controls 

ICSH 153 296Ax(SC 108-3xCSV 4)-27-2-1 5580 7330 6460
CSH 9 296AxCSV 4 4670J 6530 5600 

SE ±383 ±585
 
CV((,i ) 
 15 12 
Efficiency (%) 96 103 

ICSH 319 ICSA 35x(SC I08-3,GIR 148)-18-4-1 3580 7240 541(
ICSH 304 ICSA 30,(SC 108-3,GlIR 148)-18-4-1 3540 7250 5400
ICSH 316 ICSA 35-(SC 108-3-CSV 4)-27-2 4170 6560 5360ICS1I 301 ICSA 30x(SC 108-3('SV 4)-27-2 3500 7180 5340
ICSII 296 ICSA 28,(IS 9327,US RIulk)-6-1-2-1-1 3170 7120 5150 
ICS1I 305 ICSA 30,IS 93271JS R I k)-6-1-2-1-1 3170 7070

ICSII 311 ICSA 34"(S(" 108-3.CSV 4)-27-2 

5120
 
3580 6490 5040)

ICSII 318 ICSA 35x(SC l08-ICSV 4)-I 1-2-3 4000 6060 50301 
Controls
 
ICS|I 153 296Ax(SC( 18-3xCSV 4)-27-2-1 
 3920 6310 5110
CSII 9 296A('SV 4 3080 6890 4990 
SE ±502 ±544 
CV (%) 24 13
 
Efficiency (%) 
 90 123 

I. 9 x 9 lattice, plot siue 6 m2 at ICRISAT Center and 4 n2 at Ilhavanlisagar. 
2. ICRISAI Center (N 80:1 56:K 0) 
3. Bhavanisagar (N 80:11 30: K 30) 

ICSH 204 (177 cm). In addition to their yield West Africa 
advantage, these tall hybrids had higher fodder 
value. The hybrids, ICSH 205, ICSH 199, aind ICRISAT/Mali Cooperative Program 
ICSH 164 yielded significantly more than the 
control CSH 9 under midseason drought condi- Crossing Program 
tions at Anantapur. Their yields were almost 
double that of CSH 9. All these hybrids have The ongoing crossing program assures the grad
superior grain quality with corneous endosperms. ual improvement of our breeding stocks through 
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the recombination of our best materials. In the hard-grained, high-yield potential material with 

1984 off-season nursery, we made bulk crosses of wide adaptation. During the rainy season, we 

progeny of Malisor 84-7 (83-F 6-225) and realized that we had very little variability forF 2 
genetic male-sterile plants in our hard grain high-tillering plants; so in the off-season nursery 

population. That combination should provide we made a large number of crosses between the 

excellent scope in 1986 for F2 and F3 selections of best advanced progeny and sources of high-

Table 12. Mean grain yield (kg ha-') of selected advanced sorghum hybrids evaluated' at five locations in India, 
rainy season 1985. 

ICRISAT 

Ananta- Center Bhavani- I)har 
2 HF- LF4 5

Entry Pedigree pur sagar wad 6 Mean 

ICSH 205 SIl. 117Ax(IR 266xCSV 4)-2-2-2-1-1 3030 5250 4400 7400 9130 5840 

ICSH 138 296Ax(FLR 266xCSV 4)-2-2-2-3-2 1800 5260 468) 7830 8950 5700 
ICSH 110 296Ax(SC 108-3xCSV 4)-51-1 1400 5900 4750 7520 8940 5700 
ICSH 109 296A-[(SC 108-3-E 35-1)-5-1xCSV 4] 2420 4820 4830 7360 8420 5570 

-2-2-1-1 
ICSH 106 296Ax(SC 108-3xCSV 4)-20-2-2 1780 4580 46)0 7680 9020 5530 

ICSH Iii 296A(FI.R 1011S 1082)-4-3-3 1450 4800 4860 6810 8880 5360 

ICSH 203 SPil 180Ax(CS 3541xGG 370)-2-1-1-6-1 2170 3860 4460 7640 8680 5360 

ICSH 199 1) IAx(SPV 69xE 12-5)-28-4-1-1 2860 3900 3970 6950 8800 5300 

ICSH 164 D 2A-[SPV 105(SC 108-4-8xCSV 4)-I] 2570 4030 4920 7080 7810 5280 

-14-2-1 

ICSIt 195 MA 12[(IS 12645"CSV 4)-45-IxCSV 4] 2170 4250 4660 6030 9260 5290 

-6-1-4 

ICSII 137 296Ax(Early Pop-5-1-1) 1780 4530 4160 5900 9690 5210 

ICSII 182 MA 9-[(IS 12622x555)-(IS 3612x2219B) 2130 4340 4940 6350 8190 5190 
-5-1 xE 35-1]-5 

ICSH 204 SI'I. 204Ax(CSV 4xIhulk-Y)-I) 181-1-1-1 2100 4120 3720 6360 9630 5190 

ICSH 197 MA 12x[(IS 10927xUChV 2)-16-1xCSV 4]-5 1970 3620 4950 6140 8910 5120 

ICSH 187 MA 9x(SI'V 99xE 35-1)-2 2 1 1610 4360 4570 6390 8560 5100 

Controls 
ICSH 153 296Ax(SC 108-3xCSV 4)-27-2-1 2320 4660 4660 7280 9110 5610 
CSH 9 296AxCSV 4 1700 3680 3970 6530 8500 4880 
ICSV 112 [(IS 12622x555)x(IS 3612,22193))-5-I 1120 3870 4370 5350 8310 4600
 

xE 35-1]-5-2
 
CSH 5 2077AxCSV 4 1740 1730 3720 5700 6450 3870
 

SE ±174 ±307 ±305 ±544 ±378
 

CV(%) 16 13 12 15 8
 

Efficiency(%) 108 103 106 125 90 

I.6 x 6 lattice, plot siie 7.2 in2 at Dharwad and 12 m- at ICRISAT Center. 
2.Anantapur (N 80:1P 42:K 0). 
3.1F11 High fertility (N 80:P 56:K 0). 
4.L = Low fertility (N 40:11 20:K 0). 
5. Bhavanisagar (N 80:1' 30:K 30). 
6.Dharwad (N 100:P 60:K 60). 
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tillering ability. We continued to backcross Mal-
isor 84-2 (83-F 4-24) identified as a maintainer 
line to introduce cytoplasmic male sterility. We
made about 100 crosses of F 4 progeny onto A 
lines to identify new R and B lines in 1986. We 
identified Blines in Malisor 84-3 (83-F 4-24) and are now working to obtain A line versions of this 
material. 

Evaluation of Early-generation Selections 

We evaluated 327 F4 progeny and 67 F6progeny 
at four locations and selected from 88 families at 
harvest. We advanced these selections in our 
irrigated off-season nursery and will include the 
best progeny in further multilocational testing in 
1986. 

The majority of our selections are of medium 
height (150-200 cm). There is already a range of 
good early sorghums in the region, and we have 
recently identified Malisor 84-4 (83-F 4-] 83) and 
Malisor 84-5 (83-F 4-352) with earliness and good
yield potential. Ourpresent emphasis on medium-
and medium-late maturing materials will make 
available a greater range of useful sorghums for 
the Sudanian Zone where most of the West Afri-
can sorghum is grown. Sooty stripe damage 
scores are uniformly low in all our present selec-
tions. There are very few high-tillering plants 
among our present selections, the majority have 
one or occasionally two tillers. Yet the best local 
sorghums and the variety L 30, which is the top
performer in intermediate yield tr' .ls through-
out the region, have high tillering capacities
under favorable conditions. We will enhance 
the useful diversity of high-tillering sorgums
through crosses of high-tillering progeny with 
our hard-grain population. In future, we will 
continue to use recurrent selection and recom-
bine high-tillering plants. 

The majority of our present selections have 
vitreous endosperms, which assure longer grain
storability, minimum bran loss, and excellent t6 
quality. The characteristic may also, in some 
cases, be associated with head bug tolerance, 
The high-yielding variety L 30 has a brown sub-
coat and soft grain. It is generally unacceptable 

to farmers in spite of its high yield potential. 

Yield and Food Quality Assessment
 
of Advanced Progeny
 

In balanced lattice square designs we sowed yield
trials at nine locations in Mali. Medium-maturing 
materials were sown at five locations and early
maturing materials at four locations. The results 
are summarized in Tables 13 and 14. The rainfall 
of the five medium-maturing season sites was 
very well distributed throughout the season. At 
all locations except Longorola, average yield of 
the selected local variety CSM 388 was about the 
same as the highest-yielding improved varieties. 
However, the local variety matured at least 2 
weeks later than most of the improved ones. In 
case of terminal drought, its yields would have 
been reduced. On a more droughty soil at Sot
uba, the same local variety only yielded half the 
grain of Malisor 84-7 (83-F6,-225). In 1984, again 
on a droughty soil, Malisor 84-7's yield was more 
than twice that of CSM 388 at Sotuba. 

The top-performing variety in the medium
maturing trials was L 30. This variety is the top
performer in regional Comit6 Permanent Int&r6
tats de Lutte Contre ia S~cheresse dans le Sahel 
(CI LSS) trials, but its poor grain quality makes 
it unpopular with farmers. Table 15 is a sum
mary of the Id stability of grain harvested from 
four of the medium-maturing sites. The t6 of L 
30 was consistently unstable. In addition, the 
presence of a brown subcoat is an undesirable 
food factor for most West African consumers. 
Malisor 84-7 has high and stable yields and t6 
quality. As a result of 2 years' performance, we 
will recommend Malisor 84-7 for multiloca
tional pre-extension testing in 1986. In addition,
Malisor 84-7 has been used extensively in our 
population crosses. In 1986, we will evaluate 
over 100 F.j progeny with Malisor 8-7 parentage.

The early-maturing trials experienced erratic 
drought spells. Consequently, the results are 
much more variable than the medium-maturing
trials. Nevertheless, Malisor 84-5 (84-F 5-352)
again yielded very well at Bema. The yield level 
and stability of that variety had also been 
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-Table 13. Grain yields (kg ha 1)of early- and medium-maturing sorghums sown late at five medium-season sites, 
Mali, 1 ,5. 

Sowing date and location Mean Time 

28 June 15 June 28 June I July 2 July grain to 50% 
Koula Longorola Katibougou Sotuba Kita yield flo %cring 

Genotype (640)1 (1130) (916) (957) (641) (kg ha-') (d) 

Malisor 84-2 1660 1170 2260 1100 919 1420 71 
Malisor 84-3 1830 1810 2610 1900 1530 1940 72
 
83-F4-477 1370 722 1670 1150 815 1150 72
 
83-F6-222 1710 987 2350 1000 760 1360 72
 
Malisor 84-7 1930 1720 2330 1840 1360 1840 73
 

84-F4-107 2060 1390 2410 1480 82C 1630 67 
84-F4-53 1430 663 1040 996 220 869 65 
84-F,-lI1 1920 1540 2260 1900 1130 1750 69 
84-F4-89 1670 778 1650 1480 889 1290 66 
84-F4-11 1150 938 2500 998 777 1270 82 
84-F4-104 1320 1390 1850 1830 1090 1500 72 

Controls
 
S6 1450 1080 2660 1160 1940 1660 81
 
A13120 2140 716 2690 1240 1120 1580 69
 
82 S 50 1500 1830 2350 1700 1340 1750 78 
CSM 388 2310 184 2730 1740 1640 1720 86
 
L 30 2150 2400 2720 2430 1720 2.'80 71
 

SE ±165 ±127 ±142 ±200 ±106
 

CV (%) 26 28 17 37 26 

Efficiency(%) 108 139 115 112
 

I.Rainfall (mm) 

demonstrated in both breeding and agronomy July. We selected 79 accessions resistant to vari
trials in 1984. We are recommending it for 1986 ous leaf diseases, with good grain quality and 
pre-extension testing in the Sahel region of Mali. adaptation, for further evaluation. 

Burkina Faso Observation Nurseries 

Germplasm Evaluation We initiated work to identify and develop suit
able sorghum cultivars that fit into existing 

The majority of local cultivars in the Northern and/or improved cropping systems of the North-
Guinean Zone of West Africa mature in 135-150 ern Guinean Zone. A large number of diverse 
days. In order to identify sorghums of diverse breeding lines and parents (1100) and known 
origin that could contribute to sorghum improve- stress-tolerant cultivars (120) were introduced 
ment in this zone, we sowed 2785 germplasm and evaluated in observation nurseries at Farako
accessions from ICRISAT Center that flower in Ba by considering days to 50% flowering, plant 
85-100 days at Farako-BA in the 3rd week of height, plot yield, disease resistance, and grain 
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Table 14. Grain yields (kg ha-') of early-maturing sorghums sown late at four short-season sites, Mali 1985. 

Sowing date - _ Mean Mean Time 

Genotypes 

83-F 4-95 
Malisor 84-4 
83-F 4-242 
83-F 4-255 
83-F, -268 

18 July 
B36ma 
(433)1 

2430 
2450 
1920 
2020 
2360 

I July 
Cinzana 

(560) 

1790 
1430 
1640 
1730 
1520 

15 Juty 
Bmdg 2 

(557) 

-

626 
-

504 
-

22 July 
Massantola 

(486) 

602 
529 
898 
640 
520 

grain yield 
(B6ma and 
Cinzana) 

2110 
1940 
1780 
1870 
1940 

grain yield 
(all loca-

tions) 

!600 
1260 
1490 
1220 
1470 

to 50% 
flowering 

(d) 

59 
54 
55 
59 
64 

83-F 4-286 
83-F 4-291 
84-F 4-352(Malisor 84-5) 
83-F 4-353 
83-F 6-171 

2140 
2070 
3660 
2280 
2490 

1820 
1660 
1440 
1900 
1680 

-

644 
422 
-

-

541 
689 
615 
384 

1980 
1870 
2550 
2090 
2090 

1980 
1430 
1610 
1310 
1520 

72 
56 
60 
61 
63 

83-F,-222 
83 SB Pop Kenink6 37 
CE 90 
CE 151 
CSM 219 
Gumel 

2510 
1230 
2110 
2920 

1750 

-

1410 
1530 
1410 
1380 
2090 

1050 

-

-

-

325 

-

-

689 
615 
566 
573 

750 

-

1960 
1380 
1760 
2150 

1920 

1050 

1540 
1130 
1360 
1300 

1530 
1050 

64 
61 
66 
63 

61 
77 

SE ±268 ±181 ±34 ±161 

CV (%) 32 31 42 72 
I. Rainfall (mm). 2. Bmdg Baramandougou. 

quality and by comparing these with local cul- Preliminary Variety Yield Trials
tivars grown as controls. We selected 22 elite
varieties for further tests. Most of these are We tested F4 and F6 breeding lines in eight preadvanced breeding lines from ICRISAT Center liminary yield trials laid out in abalanced latticeand they include: ICSV 2 IN (SPV 386), ICSV design. Two of the trials comprised F4 progeny297 IN (PM 11344), ICSV 230 IN, ICSV 234 IN, derived from crosses of elite Striga-resistant
ICSV 247 IN, ICSV 242 IN, and ICSV 126 IN. breeding lines together with other desirable 

traits. We made 12 selections for further testing.A- and B-line observation nursery. In Burkina The remaining six trials comprised 120 F6 pro-Faso we evaluated an A- and B-line observation geny derived from pedigree selections from anursery comprising 45 recently developed female modified backcross program involving desirableparents (A and B lines) at Kamboins6 and exotic dwarf lines and established West AfricanFarako-BA. All the lines maintained their steril- local cultivars. Past experience has shown thatity. Based on visual scores for agronomic charac- recovery of desirable recombinants from singleters and resistance to the leaf diseases anthrac- crosses of exotic x photoperiod-sensitive localnose, grey leaf spot, sooty stripe, zonate leaf cultivars is very poor. In order to enhance thespot, and oval leaf spot, we retained 15 lines for frequency of desirable recombinants, we have afurther testing and use in hybrid production. backcross program involving the exotic as wellICSA 1, ICSA 2, ICSA 26, and ICSA 34 were as the local cultivars as recurrent parents; (ICRIhighly resistant to leaf diseases. SAT Annual Report 1984). Desirable dwarf F2 
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Table 15. TO stability of grain harvested in yield trials at four locations in Mali, 1985.
 

Genotype Koula 

Malisor 84-2 5.0 
Malisur 84-3 4.7 
83-F 4-477 4.7 
83-F 6-222 4.7 
Malisor 84-7 2.7 
84-F 4-107 4.0 
84-F 4-53 2.0 
84-F 4-11 i 4.3 
84-F 4-89 4.3 
84-F 4-11 4.3 
84-F 4-104 4.0 

Controls 
S 6 3.3 
A13120 4.7 
82 S 50 4.0 
CSM 388 1.7 
L 30 4.7 
SE ±0.59 
CV (%) 26 

I. Measured on a 1-5 scale, where I very stable, and 5 

segregants were backcrossed to the tall local par-
ent and desirable tall F2 segregants were back-
crossed to the dwarf exotic parents. We evalu-
ated the F6progeny from such backcrosses using
local, exotic, and improved lines as controls, 
Several of the test lines had better seedling estab-
lishment, panicle exsertion and laxness, and 
grain quality than their exotic parents. Plant 
height was generally less than ini the tall parents.
However, the magnitude of yield superiority of 
these derivatives over the local cultivars was in 
general, insignificant, and many of them wer, 
also susceptible to leaf diseases. 

Evaluating Advanced Elite Varieties 

We tested 89 elite lines in six yield trials with 
balanced lattice designs at four locations: Kam
boins6, Gampela, Saria, and Farako-BA At 
Kamboins6 rainfall was 565 mm and at Saria 592 

Location Mean u 
Longorola Katibougou Sotuba scor, 

4.3 3.3 2.0 3.7 
3.0 2.7 1.7 3.0 
2.3 2.0 1.0 2.5 
1.3 2.0 1.7 2.4 
1.0 1.0 1.2 1.5 
4.0 2.3 1.2 2.9 
2.0 1.3 1.3 1.7 
2.3 3.3 1.0 2.8 
4.0 3.3 2.3 3.5 
3.7 2.0 3.0 3.3 
1.7 2.0 2.0 2.4 

2.3 2.3 1.8 2.5 
2.3 3.0 1.7 2.9 
2.7 3.3 3.7 3.4 
2.0 1.0 1.0 1.4 
3.0 3.0 3.0 3.5 

±0.54 ±0.42 ±0.51 
35 21 47 

very unstAble. 

mm, lower than the long-term average but was 
well distributed throughout the season. Rainfall 
at Farako-BfA (1360.8 mm) was much higher
than the long-term average, and flooding caused 
by excessive rains during the seedling stage
resulted in uneven plant stands; nevertheless, the 
conditions were conducive to disease devel
opment. 

In the medium-maturing cultivar trial ICSV 
16-5 HV gave the highest average yield of 3130 
kg ha-t compared with 2790 kg ha-t from the 
control cultivar Framida (Table 16). In the early
maturing (60-70 days to 50% flowering) trial the 
highest-yielding variety was ICSV 1014 HV 
(Table 17). 

On-farm Testing 

We selected six farmers'fields each in Kamboin
s6 and Pabre villages known to be infested with 
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Strigasp, to test eight breeding selections along Southern Africa 
with a local cultivar (S 29). Four 10-m rows were 
allocated to each cultivar in each of the six fields Nurseries and Crossing Blocks 
(replications), and we made observations on 
grain yield and number of Striga plants per 16 Nurseries. The first thrust of the ICRISAT/ 
M2 . Striga emergence was low in Pabre but was SADCC regional program has been to rapidly 
very high in Kamboins . Therefore, we only diversify variability useful for selection. A re
summarized the results (Table 18) from Kam- gional nursery of 375 entries (20 from the Zam
boins. ICS'V 1007 HV and ICSV 1014 HV had bia National Program) was distributed to 16 
significantly less Striga infection than the other locations in 7 countries. Evaluation and selec
five entries and the local cultivar. ICSV 1014 HV tion was possible at II locations in 6 countries. 
also combined Striga tolerance with good yield Evaluation of most locations was undertaken by 
potential. regional and national staff of several SADCC 

countries. A B-line observation nursery of 160 
entries was evaluated in Botswana, Malawi, 

Hybrid Evaluation Tanzania, Zambia, Zimbabwe, and at the regional 
center near Bulawayo. Anursery of some 570 F2s 

We evaluated 162 preliminary hybrids bred at was evaluated in Zambia, Zimbabwe, and at the 
ICRISAT Center by using recently developed regional center. Scientists in the region evalu
male-sterile lines and six restorer lines and corn- ated these nurseries and were provided with seed 
pared them with varieties at Saria and Farako- of their selected lines. 
BA in Burkina Faso. In general, hybrids exhi
bited good plant stand, flowered earlier, exserted Crossing blocks. A number of crossing blocks 
panicles better and yielded more than the pure- were sown at Mzarabani, Zimbabwe, in mid
line varieties. We selected 36 hybrids for further April: one from the regional program and others 
evaluation, includingtheadvanced hybrids ICSH from the programs in Botswana, Malawi, and 
153 IN (SPH 221) and ICSH 110 IN, bred at Zimbabwe. This was an important beginning for 
ICRISAT Center. this typ.- of support activity. We made crosses 

Table 16. Mean grain yields (kg ha-1), time to 50% flowering (DTF), and disease scores of selecled advanced elite 
sorghum varieties at four locations in Burkina Faso, 1985. 

- ' )Location and grain yield (kg ha M ea Disease score' 

Variety Kamboins6 Ganpela Saria Farako Ba Mean DTF2 AN GL ZI. OL GM 

ICSV 16-3 itV 3740 2600 3230 1880 2860 80 3.0 4.3 1.7 1.5 3.2 
ICSV 16-4 HV 3500 2300) 3020 1410 2560 80 2.2 3.2 1.8 1.8 3.2 
ICSV 16-5 HV 4590 2520 3520 1880 3130 80 2.5 3.2 1.7 1.3 3.0 

Controls 
ICSV 10012 HV 2850 2680 3230 1530 2570 85 0.4 2.0 0.8 1.0 3.9 
ICSV 1001 HiV 3641) 2630 3010 1880 2790 85 2.7 4.2 1.7 0.7 2.4 
(Framida) 

SE ±370 ±165 ±200 ±195 

CV(%) 25 17 16 30 

I. 	 AN = Anthracnose, GI. = Grey leafspot, ZI. Zonate leaf spot, OL =Oval leaf spot, GM = Grain mold. Scored on a Ito 5 scale 
where I = less than 5% leaf area infected, and 5 = 76-100% leaf area infected. 

2. 	5 - 5 balanced lattice, plot site 7.5 nil data analyied is randomized-block design. 
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Table 17. Performance of selected early-maturing advanced, elite sorghum varieties at four locations in Burkina 
Faso, 1985. 

Location and grain yield' Mean 
-(kg ha 1) seedling ,Disease score4 

establ. Mean 
Entry Kamboins Gampela Saria Mean (1,02 D)IF' AN GI. ZI. 01. (;M 

ICSV 1014 IIV 2420 2760 2960 2710 70 60 3.2 3.8 1.6 1.4 4.1 
ICSV 94-1 HV 1920 2540 2790 2420 70 65 0.3 1.4 1.5 1.2 4.0 
ICSV 85-2 HV 1830 2280 2830 2310 70 70 0.4 1.6 2.2 0.8 3.7 
ICSV 94-3 HV 1840 2200 2520 2190 65 65 0.8 1.8 1.5 0.8 4.4 
ICSV 95 iV 2150t 1870 3340 2450 70 70 0.2 1.8 1.6 1.4 4.0 
ICSV 2 HV 1950 1600 236)0 1970 60 70 4.6 3.0 1.3 2.0 4.0 

SE ±150 ±165 ±215 

CV (%) 20 22 22 

I. 5 - 5 halainced lattice, plot size. 7.5ni. datit auall./ttl its randonti/ed-hbock design.
2. Mean seedlng establishment Vi)ias csimated hy tie propoi ion of hills niaing at least one seedling o er the total nuniber of 

hills sown. 
3. Timte to 50' lto%%ering (td). 
4. AN z Anthracnose. Grey' etll I z-Zonate Iclspot. ()1 (al leaf spot. (M -Grain iold. Scored on a I to 5scale(W. spot. 


,here I up to 511]Cal iraio Cinf ctdi
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Sorghum hybrid ICSHi I (foreground) with Kamboins6 local (background), Kamboins , Burkina Faso, 1985. 



5Sorghum 63 

., + , . , .+ 
. 

"''A 

So rghumln %.,t' nti.,, rteplreentingt 1( l?1t. 1 (eter.S IM(R(ii rttt", ling th,,rghtmtht naItional lprograil ofI h l.,.hand zimblmsel +t.nal Pcrogramrlr, h iI nurstcr 	 aind tht';iit Xt\ ' I,l II Ii"ih , 	 ' 1.fI.. 

and etwl%.ithin l V.en Cio,,, ,m hlo k,,. I ,,eed in 5( flo%%crinug) and heiglts (140-250 cm) is

the hard doili rom,,th .,alc \, a, hats C,,tCd and a ailable from this proiect.

inlneditatel r " ll dIIiiI the L ,,t %sekol
.,nUgtlt so that l \,,, 1 Wi ea,,;ds lot the l')S N6;(
 

\ : C., e0,\.d 1),e lc ted A I raneearl, 	 S a n d 7 I in.1ul', to make ,e\Iletirnertal hi, brij,,. f 8nc, 	 Ilalit. IX. ()rif-lrn11 ret'ilg uufpr'or,,hit,,orphrur sir
icti"+ for ptu+ia iti ld (kg ha t',fromn 90() hslrid,, 	 )and Sfril rt",islact,sas, hat ei di ,,t ,n i ll Kdmid 

b .lll),ecen elr s". duirti.2 tCroi t'rB 	 amor aluatiorn r+p- k 
ping scason at ,l attopo,. ReSlt 5\ill he reported ( t .ItnJ m It't, l~Ints
In tile 1980 A..nnUal Report. II Ky hi I I( in 

l(S\ tI14 125o ;,5 2uY1 
IUS \ 100"7 901)0 39) 2.5) 
((NV 10S 1 71() H I 45Mexico and Central America I('\ 	 101 4,-,1()7(I)1 
1( NV 10.;6 (5) 12,, {31w,)Conversion ofcold-tolerant Ihandraces from east- I(S 1.1.1 7')1) 15 (3., 19ernAfrica. lhirtv-two cold-tolerant ,phi topCriod- I V 10)52 0.) 117') (.))Isensitive genotypes from the eastern Africa high- S 2) uhal 240 	 285 7 (.117)

lands were included in the conversito prograin " " for backcrossing to photoperiod-insensitive, cold- N1 	 - 4)) '1(1. 134)
tolerant genotypes in order to diversify the local C,, 	 44highland 	varieties. Ad vanced-ge nera tion mate- - . . . . . . .......... 
 . .rial with 	a range of' maturilies (90-130 days a dto 	 Il s' Il paleIhIcs iCll hlen,..'iI ;ahes 



64 Sorghum 

Hybrids for the highland and lowland areas of 
Central America. In the highlands, cold-toler-
ant A, B, and R lines are required in order to 
successfully produce a fertile hybrid without risk 
of sterility. For this reason, in the breeding pro-
gram, we have developed A and B lines now in 
the 6th backcross generation with cold tolerance 
using the cold-tolerant B line (1291 B, photo
period-sensitive) introduced from Kenya. We 
have also identified cold-tolerant R lines. 

This year we began to breed hybrids for the 
lowlands. We crossed our elite varieties to differ-
ent cytoplasmic A lines to dLtermine their reac-
tion to fertility restoration (R) or sterility main-
tenance (B) in the F hybrids. We identified six 
good hybrids uing ti:e following criteria: per-
centage of hetcrosis. plant height, days to 50% 
flowering, seed color, and general agronomic 
aspects. These hybrids will be evaluated in 
regional yield trials. 

Evaluation of cold-tolerant elite varieties. We 
used 10 elite varieties at three elevations (2250 m, 
1800 m, and 940 m) to study genotype and envir-
onment interaction. The design was a random-
ized complete block with four replications and 
plot size 5 m x4 m. Grain-yield data (Table 19) 
indicated that the variety SA 5875 x BJ 216 was 

superior to all other varieties at all elevations. 
Data for plant height and days to 50% flowering
indicated that average plant height increased as 
genotypes moved to lower elevations. On the 
other hand, average days to 50% flowering were 
reduced as genotypes moved to lower elevations. 

Food Quality 

Dehulling quality. We determined the dehul
ling quality of 10 cultivars that varied in grain 
hardness (from 6.. to 8.8 kg) using the Tangen
tial Abrasive Dehulling Device (TADD) and a 
barley pearler. Results (Table 20) show that re
covery ranged from 65.8 to 93.7% for grains 
dehulled through tht TADD and from 71.2 to 
88.6% through the barley pearler. DKV 3 and 
the ICRISATcultivar ICSV 112 (SPV 475) gave 

a higher recovery than other cultivars. Recovery 
of CS H 8 was lower by both methods. The softer 
endosperms of ET 3941 and SAR Iyielded more 
(>12%) broken grains. 

TO quality. T6 is a thick porridge commonly 
prepared from dehulled sorghum grains in Nige-

Table 19. Mean grain yield (kg ha -1 )of 10 cold-tolerant sorghum varieties evaluated at three different elevations, 

Mexico, 1985. 

Entry Pedigree 

ICSCTV I P 74 AS 388 x Man 64 
ICSCTV 2 SA 5875 x 1.i216 
ICSVTV 3 SA 5875 x CT 37-1-2 
ICSCTV 4 76 1111 96 x C4-F,-3-10 
ICSCTV 5 Black Kafir - 1)74 AS 67 

ICSVTV 7 (Black Kafir x P 74 AS 67) 
ICSVTV 8 Pink Kafir x Man 84-1 
VA 110 Valles Altos 110 (INIA. Mex.) 
VA 130 Valles Altos 130 (INIA, Mex.) 
ICSCTV 12 SA 5875 x Man 64 

SE 

CV (%) 

1.Elevation 

Grain yield (kg ia-) 

El Hatan Ilayacapa n Ilalti/apan 
2250 ni 1500 in 940 m 

4560 5700 4200 
7140 7740 5790 
4690 6310 5590 
5020 5070 4100 
5600 6860 5500 

x ETS 3498 5450 5960 5300 
4220 5430 5650 
380) 5160 4620 
4140 5390 4010 
3930 5780 5260 

±260 ±379 ±301 

I1 13 12 
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Table 20. Dehulling characters and t quality of sorghum genotypes, ICRISAT Center 1985. 

Recovery (%) 

Grain TADDI Barley pearler 
hardness Dehulled Dehulled 7"(^ Te


Genotype (kg) 2 grain Brokens Total grain 
 IBrokens Total quality.' texture4 

M 35-1 7.3 87.0 2.1 89.1 69.6 6.2 75.8 2.8 14.3S 29 7.0 87.5 0.5 88.0 84.5 0.5 85.0 1.8 12.2

DKV 3 
 8.1 93.0 0.7 93.7 87 r 1.0 88.6 1.5 13.0

ET 3491 6.3 67.0 
 12.8 79.8 52.0 19.2 71.2 2.3 16.0SAR I 5.4 67.0 13.2 80.2 67.6 12.0 79.6 2.9 15.8 
ICSV 112 7.8 84.0 7.1 91.1 78.1 8.3 86.4 2.3 15.8
Sl111 225 8.0 72.0 8.4 80.4 56.8 19.8 76.6 2.3 15.5
CSt- I 8.8 85.0 4.6 89.6 71.8 9.7 81.5 3.3 14.0
CSH 8 7.1 63.5 2.3 65.8 51.4 19.9 71.3 3.1 17.9
IS 158 6.9 80.0 4.9 84.9 71.2 7.2 78.4 5.0 4.7 

SE ±0.29 ±3.12 ±1.39 ±2.44 ±3.79 ±2.19 ±1.80 ±0.29 ±1.21 
All value's arc av'erages of 1%%odclcriniations. 
I. IAI)I) = Iangcnlia Abrasive l)chulling Device. 
2. Measured using Ki'a hardness fester. 
3. Measured on a I lo 5 scale. sshcic I =good and 5 = poor. 
4. Expressed as Insiron force (kg). 

each location and 3controls (variety ICSV I and 
hybrids CSH 6 and CSH 5). Data on selected 
entries from all 12 locations are presented in 
Table 21. The varieties ICSV 112, ICSV 162, 
ICSV 102, and ICSV 110 exhibited wider adap-
tability, yielding 2950-3230 kg ha-1 while the 
control hybrid, CSH 6 yielded 2830 kg ha-' 
across the locations. The varieties differed in 
specific adaptation: for example, ICSV 110 
yielded well in Thailand, while at Bhavanisagar
in India the highest-yielding variety was ICSV 
158. 

Asian Regional Sorghum Hybrid Adaptation
Trial (ARSHAT 84) 

ARSHAT 84 consisted of41 entries including a 
local control contributed by the cooperator at 
each location and 4 controls. Data on selected 
entries from all 12 locations are given in Table 
22. The hybrid ICSH 180 (Fig. 6) showed the 
highest adaptability, yielding 3970 kg ha- I across 

locations followed by ICSH 110, ICSH 174, and 
ICSH 162. The hybrids also differed in their 
specificadaptation. Forexaniple, ICSH 162was 
the highest yielder in Thailand, while ICSH 120 
gave the highest yield at Pantnagar, India. 

Eastern Africa Cooperative Sorghum 
Screening Nursery (EACSSN) 

The 1984 workshop of the Eastern Africa Sor
ghum and Millet Improvement Network recom
mended that an Eastern Africa Cooperative
Sorghum Screening Nursery (EACSSN) cornposed of the most promising and advanced 
breeding lines from Ethiopia, Tanzania, Uganda, 
ICRISAT Center, and the Seni-Arid Food
Grain Research and Development (SAFGRAD)/
ICRISAT Program in Kenya be organized for 
multilocational testing in Ethiopia, Kenya, Tan
zania, and Uganda in 1985. It was further 
recommended that after the initial evaluation, 
the selected best entries from the EACSSN be 



Table 21. Mean grain yields (kg ha-') of top-yielding entries in the Asian Regional Sorghum Variety Adaptation Trial (ARSVAT 84) 1, in 1984. 

India" Pakistan- Thailand 2 Burma 

Entry Pedigree I 2 3 4 5 6 7 8 9 10 1I 122 Mean 

ICSV 112 [(IS 12622C-555)-(IS 3612C219B)-5-1 E35-1]-5-2 3540 3570 4350 3410 1670 4090 1330 4050 2280 1640 3240 4420 3230 

ICSV 162 (CSV4GGx370)-2-1-4-4 3470 4490 5480 3190 880 3460 1050 1470 970 2340 4740 3190 3040 

ICSV 102 (E35-1xRs B394)-1-1-2 3390 3740 4280 3200 1550 2920 1670 1990 1690 1060 4660 3870 2970 

ICSV 110 [(SC 423-CSV 4)-E 35-1]-2-1 3480 3860 5580 2910 840 3560 1400 1790 1330 840 5610 2040 2950 

ICSV 166 (20-67xSB 1067)-4-1-1-1B 1530 3930 3940 3730 970 3040 1280 2170 1580 1500 3060 2100 2810 

ICSV 197 (IS3443>DJ 6514)-I-1-1-1-I 3090 3810 5000 2580 1350 4370 1280 1630 1500 840 4040 3040 2800 

ICSV 189 (E 35-1xUS R 703)-2-1-1-2-2 3100 3350 4940 2210 1250 4470 1370 2930 970 1220 4350 2080 2790 

ICSV 193 (148xFramida)-39-2-4-1-1-2-1 3300 3110 3300 2440 1780 3420 1480 3380 1940 2450 2930 1870 2790 

ICSV 158 [(SC 108-3xS%%arna)xE 35-1]-6-2 2800 4650 5170 2990 620 3810 1080 2040 1640 640 5250 2610 2780 

ICSV 186 (SC108-3xCSV 4)-14-1 3380 4070 3810 3270 1250 2680 1270 1970 1640 1530 3390 2270 2750 

ICSV IOS (SC 108-4-8xCSV4)-88 3320 3130 5920 2370 1020 2610 990 1170 2000 1610 4690 1900 2750 

ICSV 188 (E35-1-US R)-i-I-3-1-2-1 3300 2990 4240 2950 1250 3650 1250 2330 860 1860 2380 2740 2690 

ICSV 175 CSV 4x:S 3922 3030 3890 2520 2830 1060 3610 1260 2010 2550 1890 2720 3210 2670 

Controls 
CSH 5 2077AMCSV 4 4090 2750 4370 3000 1310 5410 2390 3350 1920 2530 4390 3090 3430 

CSH 6 2219AxCSV 4 2960 1690 3900 3230 1730 4550 2020 3940 2810 1170 1400 4080 2830 

ICSV I (SC 108-3xCSV 4)-19-1 3320 2630 4720 2550 1360 4100 1820 1870 1670 2230 2400 4410 2900 

Local 3360 2980 4380 3470 1730 4910 1130 2660 1000 450 1220 4290 2810 

SE ±140 ±431 ±371 ±412 ±127 ±272 ±346 ±235 ±116 ±237 ±580 ±463 

CV(%) 24 15 26 20 13 44 19 14 27 32 30 

Efficiency (%) 94 115 97 104 94 103 129 100 91 169 181 

I. 	 Locations: I=ICRISAT Center. lnaia. (5 tests); 2=Bhavanisagar, Tamil Nadu; 3=Dhara ad. Karnataka; 4=Pantnagar. Uttar Pradesh; 5=Kanpur. Uttar Pradesh; 6=Surat, 

Gujarat; 7=Dera Ismail Khan. 8=Yousufwala. 9=Dadu. I0=lslamabad. Pakistan: I I=SuphanLuri. Thailand; and 12=Yein, Burma. 
2. 	 6 - 6 lattice, plot size 3.6 m2 at Dharwad. India and 11.25 m2 at Yousufwala, Pakistan. 



Table 22. Mean grain yield (kg ha- n) of top-yielding entries in the Asian Regionai Sorghum Hybrid Adaptation Trial (ARSHAT 84), 1984. 

India -akistan ThailandEntry Pedigree 1 2 3- 4 5 6 7 8 92 10 11 12 Mean CICSH 180 D3A-[(SPV 105-SC 1084-8)-CSV4]-14-2-1 4000 6410 6390 4500 1590 5220 3120 1190 4440ICSH 110 296Ax(SC 108-3xCSV4)-51-1 4440 4810 5980 3930 1540 4720 2390 1280 4440 
1910 3710 5080 3970 

ICSH 174 2500 2700 5650 3880296A-(SC 108-3-E 35-1)-25-1 3970 4760 5820 4900 137 ,, 4180 3300 2430 5060ICSH 162 2640 2980 4070 3830FLB8963-2A,(FI.R 101 1S 1082)-4-2 4100
ICSH 134 

5330 6260 5390 14(,3 3780 1890 1540 4940 1110 1500 72202219Ax(UChV 2xGGx370).4_2-3 38104090 5750 4980 5300 1270 3600 3710 980 5530 2090 2700 3850

ICSH 120 296A-(Diallel475-746)-4-2-1-5 

3760
 
4150 5410 5290 5850 1460 4410 1060ICSH 116 1160 4140 2650 3390 30702219A'(UChv 2GGx370)-2-1-2 36603920 5750 4430 5480 1770 4860 2900 1610 5020 880 31-0 2850ICSH 179 2077Ax(SPV 69xE 12-5)-25-7-1-1-2 36403910 5300 4780 4030 1640 5G60 950 1120 4750 1870 2780 6090ICSH 164 3620D 2A,[(SPV 105x(SC 108-4xCSV 4)-1)-14-2 4050 5200 5580 3680 1750 3640 2070 1320 4220 3990 1510 4140ICSH 159 296Ax(FLR 266xCSV 4)4-3-2-1 4300 5760 5580 4370 2150 3160 

3580 
1200 1430 4160 1990 700 5140 3570ICSH 176 US B 37-600-2Ax(FLR 101 IS 1082)-4-2 3880 5790 5400 2930 1570 4120 310 1520 5340 1900 2620 5960ICSH 161 US R 50-398-2A(FLR IOIIS 1082)4-2 4130 4830 5290 4220 1600 4030 

3550 
680 1610 4070 2140 3810 3720ICSH 156 35402219Ax(UChV 2xGGx370)4-2-2 3990 4280 4220 4300 1070 4560 2500 1120 4540 1940 3290ICSH 155 MA 4450 351010-(IS 12611xS C 108-3)-1-1-3 3590 5450 6200 3750 1260 4410 2780 480 3910 840 3590 5540 3510
 

Controls

CSH 5 2077ACSV 4 3700 4870 5190 3760 1520 4010 1860 2020 2490 1220 2310 5070CSH 6 2219ACSV 4 2860 3040 4170 3230 1260 3200 1830CSH 9 2040 3750 870 3870 2590296AxCSV 4 4170 6100 6350 2330 1210 4960 1580 1390 4990ICSH 153 2130 1080 3830 3550296Ax(SC 108-3xCSV4)-27-2-1 4140 5660 5740 4340 1140 .4070 210 1190 4580 780 3570Local 5750 3610

4200 4830 4500 2370 2220 5150 1930 740 3220 2640 620 8910 3630
 
SE 


±133 ±600 =:449 ±657 :294 ±330 :347 :304 :449 ±151 :321 ±1222
 
CV(%) 


20 15 30 35 13 
 39 42 19 14 23

Efficiency (0) 

45 
l5 104 94 85 96 102 112 102 102 100 101

1. Locations: I=ICRISAT Center, India (5 tests); 2 =Bhavanisagar, Tar-i. Nadu: 3:Dhar, ad. Karnataka. 4P, r tnaar. U tar Pradesh: 5:Kanpur. Uttar Pradesh;6:Surat.Gujarat; 7:Kovilpatti. Tamil Nadu: 8:Dera Ismail Khan, 9:Yousuf%,ala. 10:Dadu, I lI=slamabad, Pakistan; and 12=Suphanburi. ! hailand.2. 6 x 6 lattice, plot sizes 3.6 m! at Dharwad, 2India and 11.25 m at Yousufwala. Pakistan. 
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madc available to the other national programs of sown because the seed arrived too late for the 
the region for further testing. Accordingly, the season. 
EACSSN was organized with contributions front Based on the overall agronomic desirability
Ethiopia (180 lines), ICRISAT Center (196), score at one or more of the three locations, 150 
SAFGRAD/ICRISAT/Kenya (224), Tanzania entries were selected for further multilocational 
(200), and Uganda (200). testing. Thirty-two entries were selected for 

The main objective of the EACSSN was to advancing at Alupe, 68 at Nazareth, and 83 at 
identify sorghum lines for wide use in the Screre. Only two entries, (SC 108-3X C5 3541)
national programs of eastern Africa. The 1985 19-1 and 12 x46/F 4/2/M/5, were selected at all 
EACSSN took entries suitable for, and concen- three locations. However, 28 entries were selected 
trated only on the low elevation (<1500 m alti- at two sites. All the others were selected at one 
tude) sorghum ecological zone of eastern Africa. location only. It will be necessary to repeat the 
The nursery was planted at Alupe (Kenya), evaluation of the EACSSN over several seasons 
Serere (Uganda), and Nazareth (Ethiopia). Sin- to establish the pattern of varietal adaptation in 
gle-plant rows, 5-rn long with two replications the low elevations of eastern Africa. 
were used for each entry at each location. A Arrangements have been made with the Ethi
suitablc local control was sown at regular inter- opian national programs to increase all the 150 
vals at each location. Nursery tours were orga- selected entries of the 1985 EACSSN in the 
nized and all EACSSN contributors travelled to 1985/86 off-season for seed distribution to all 
each location as a team to evaluate and select the national programs of eastern Africa in 1986. 
best entries. The Tanzanian location was not This activity should promote more active ex-

V' 

ADVANCED
 

TESTS i N I 

Figure 6. I(CRISAT-bred hybrid, ICSFI 180 obtained from the newly developed female parent (D 3A) and male 
parent, I(SPV 105 x SC 108-4-8) x CS 3541)) -14-2-1 ranked first for yield in the Asian Region Sorghum Hybrid 
Adaptation Trials 1984 (ARSItAT 84). 
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change of breeding lines among the national grain yields. However, the ICRISAT-bred varie
programs of the region. ties, SPV 475 and SEPON 77, ranked among the 

five top-yielders. 

Multilocational Yield Trial for the Lowland 
Areas of Central America Contribution to Nationai Programs 

A multilocational yield trial was conducted to India 
cormipare yields of the best hybrids and varieties 
available in Central America. The experimental The ICRISAT-bred hybrid, ICSH I (SPH 221/ 
design was a randomized complete block with 'CSH 153 IN) (Fig. 7) is to be formally released 
four replications in 5 m x4 m plots. A summary under tile name of CSH II by the Central Sub
of the results is shown in Table 23. The hybrid committee on Crop Standards, Notification and 
(AT 623 x Tortillero) was the most stable and Release of Varieties (and Hybrids) for cultiva
ranked among the highest yielders. However, tion in all areas where rainy-season sorghum is 
this hybrid i, .cry tall, not suitable for mechani- grown. ICSV 112 (SPV 475) was evaluated in the 
cal harvesting, and has lower grain quali',. than All India KhariY (rainy season) Minikit Trials. 
ICRISAT-bred varieties. In general, hybrid grain Two other hybrds, ICSH 110 (SPH 296) and
yields were superior when compared to variety ICSH 138 (SPH 295), were promoted to the 

Table 23. Average grain yields of sorg,. .. rieties and hybrids at five locations in ('eniral America, 1984. 

Location and yield (kg ha-1) 

Genotype 
Alanje 

(Panama) 
San Salvador 
(El Salvador) 

.lutiapa 
((juatcmnala) 

Astncion 
(Guatemala) 

La lujosa 
(ltonduras) Mean 

Hybrids 
Funk's G522 DR 5250 3975 2200 3950 3575 3790 
B.I 83 5625 4125 2625 4275 4075 4145 
1J 84 
ATX 1623 , Tortillero 

6125 
6025 

4950 
4075 

3125 
3575 

4700 
4625 

3900 
4150 

4560 
4490 

Varieties 
GWT 210 3700 2225 2000 4025 3100 3010 
M 62492-2-3 4825 3000 2825 4200 2975 3565 
Tortillero 4925 3025 2175 3975 2975 3415 
ISIAP Dorado 4475 4500 2450 3675 3475 3715 
SPV 475 (ICSV 112) 5825 4600 2300 3775 4000 4100 
SEPON 77 5100 4300 2175 3825 3875 3855 
M 62641 4325 3275 2175 3475 3100 3270 
[)71444 4150 3900 2625 4325 3350 3670 
M 90378 4925 4125 2525 3425 2850 3570 
M 90812 4400 3700 2750 3775 3800 3685 

7923K Red 4825 2825 2850 3800 2175 3295 
R 6956 Red 4675 3375 2800 4050 2450 3470 
M 90362 3675 3525 2425 3825 4175 3525 
SE t304 ±433 ±187 ±274 ±278 

CV(%) 12 23 15 14 16 
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Figure 7. I('RIS.A -hrtdhihrid I(SII I (SPII 221/1'SI1 153 IN) relcased for general cultivation in all areas in 

India, (i ISAI ( enlr, 1985. 

AICSI P Kharit (rainy season) Advanced Trials (Malisor 84- 1), was one olthe top yielders in the 
in 1985. S Pt11 280 was rc'oinmencnded tor evalua- intcrniediate trial in most Countries in the region. 
tion in the 1986 87 All india Rahi (postrain Since 1983, we have rceonmcn(Ihd the Malian 
season) I ink it Trials. sorghum Colec'tion entry, (NS 388, for general 

The nlidge-resistant variety, It1\S" 197 has clultivation in 1)800-1100 mml1rainfall ZOneS. In 
been exctns"ively tested by the AI('SII and by prexlecnsion farmer trials conducted by SA F
,he niersitv of A riciultlural Science , )har- ('RAI) Mali this vear. ('SM 388 yielded, on 
wad. in nidge-endeumic areas of Karnataka average. 20('' higher than local Control varieties. 
State. It w as aiso use(d as an illproved tilidge- This ariety i produed naiiona.v and iS now 

isItalt soulr.c bv VarioIs naional prOgrlIS , li eing recoliniieided foir extension in approp
e.g., II Salvador and Argentina. and )v ICRI- riate areas. 
SA] regioial programs in Mcxico and Mali. 

Southern AfricaWest Africa 

The program iin Mali Cntributed five varieties In Zimbabwe, two ICRISAT-bred sorglum var
to the regional CILSS trial, one variety, A 13120 ieties are under consideration for release; M 
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39335 (SPV 475) as Sorghum Variety I and A 
6460 as Sorghum Variety 2. 

Mexico and Central America 

An ICRISAT-bred variety derived from a cross 
involving GPR 148, E35-1 and CS 3541 as par-
ents was released in Mexico under the name of 
Blanco 86. Mexico also released a variety called 
Variadad 110, which the national program re-
ceived from the ICRISAT/CIMMYT program 
as early-generation breeding material and ad-
vanced through selection. Other ICRISAT-bred 
varieties released in different countries were 
(GPR 168 -SC 170-6-17)-1-1 (M 90975) in Gua-
temala under the name ICTA Mitlan 85, and 
(GPR 148 - E 35-1)-4-1 x CS 3541 as ISIAP 
Dorado in El Salvador and Venezuela. In Hon-
duras, another ICRISA variety, SPV 387, was
released as Surano. 

Seed Distribution to National Programs 

We provided improved breeding materials to 
our cooperators in response to seed requests. Wesupplied a total of 2061 seed samples within 

India and 13186 outside India. 


Seven-hundred-and-sixteen selectiois from the 

converted Zerazera populations were supplied 
on request to sorghum scientis :: in Ethiopia (87),
India (115), Mozambique (142), Sierra Leone 
(243), Tanzania (37), and Uganda (91), for use in 
their breeding programs. 

During our International Sorghum Scientists 
Field Day, 19 breeders from national programs
selected 154 breeding lines for their use. Also,
nine scientists from Tamil Nadu State, India 
visited our experiments at Bhavanisagar on 25 
September and selected 266 improved lines for 
use in their programs. 

Training 

West Africa 

Our training strategy is to help identify young 
researchers who have proven themselves in thenational program, help find appropriate institu
tions and thesis advisors, and to facilitate their 
smooth transition back into the national program.

Three students from the Institut Sup6rieur
Politechnique in Ouagadougou, Burkina Faso,
prepared theses on sorghum breeding and Striga
research for their Ing~nieur Agronome degree
under the guidance of ICRISAT scientists. A 
postgraduate student from France received train
ing in aspects of Strigaresearch. 

During 1985, three ICRISAT/ Mali sponsored
students returned from graduate studies in the 
U.S. and India. All three have now been given 
positions ofresponsibility in the Malian National
Program and continue to work closely with our 
program. Three other students are still complet
ing graduate studies. 

Mexico and Central America 

Six scientists from the Central American regional 
programs, 2 each from Mexico and Guatemala,
I from El Salvador, and I from Costa Rica 
received in-service training at ICRISAT/CIM-
MYT, Mexico for 5 months on sorghum im
provement and production, bringing the total 
number of ICRISAT-trained scientists in the 
region to 38 to date. The course included work 
on sorghum breeding and agronomy. A training
manual in onSpanish sorghum improvement 
was prepared in 1985 in association with the 
Faculdad Agronomicade Monterey, Nueva Lebn 
and is in use as an aid during these courses at 
CIMMYT. We intend to produce an English 
version in 1986. 
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Workshops, Conferences, number of presentations on sorghum research in 
Mali. A field and laboratory visit to research 

and Seminars station and on-farm experiments was also 
organized. 

ICRISAT Center At the workshop, an inventory of biotic and 
abiotic factors limiting sorghum production in 

Sorghum Field Day each country was compiled, sorghum research 
currently in progress in each national rrogram 

An International Sorghum Scientists Field Day discussed, and proposed locations foc different 
was organized at ICRISAT Cepter from l7 to 19 research activities in the region suggested. A 
September, to enable scientists frorr. national number of possible areas of research in agron
programs to observe our improved screening omy were discussed. Training of national re
techniques and breeding material, and to select searchers in all disciplines and at all levels was 
varieties of interest to them. Participants came reemphasized. Weaknesses in infrastructures in 
from Ethiopia, Gambia, India, Lesotho, Pakis- the national programs that impair the quality of 
tan, and Tanzania. research were underlined. Four representatives 

from the national programs were unanimously 
elected to the network Advisory Committee. 

West Africa Finally, it was agreed that the Advisory Com
mittee should meet in January 1986 to develop 

Second Regional Sorghum Workshop on an action plan for the research network in the 
Sorghum Research and Improvement in West region. 
Africa 

The objective of this second meeting held in Eastern Africa 
Bamako, Republic of Mali, 21-24 October, was 
to review progress made since the first work- Fourth Regional Workshop of the Eastern 
shop, to provide an opportunity for the regional A. , ica Sorghum and Millet Improvement 
sorghum research workers to hold in-depth dis- Network 
cussions on research program development, epe
cially on crop improvement and agronomy, and This workshop was held at Soroti, Uganda, 22
to obtain first-hand knowledge of all asperts of 26 July 1985. Of the 45 participants, 24 were 
sorghum research activity of the Malian r.ational from the host country, and others came from 
program. Burundi, Ethiopia, Kenya, Rwanda, Somalia, 

All national programs in West Africa except Sudan, Tanzania, and the People's Democratic 
Benin, Burkina Faso, Cameroon, and Chad Republic of Yemen. Invited participants from 
were represented. Representatives from SAF- outside the region came from Burkina Faso, 

GRAD, L'Institut du Sahel, (INSAH), CILSS India, UK, and USA. As in the past regional 
Intergrated Pest Management Project, INTSOR- workshops. almost all the participants were 
MIL, ICRISAT Center and ICRISAT West active workers in sorghum and millet research. 
African programs also participated. A number Of the 40 papers presented in the workshop, 20 
of scientists/administrators from the Malian dealt with different aspe.ts of sorghum and 
national program took ai. active part in the millet research in Uganda. Fourteen papers cov
workshop organization and scientific discussions. ering the sorghum and millet work in the other 

The workshop was inaugurated and closed by eastern African countries were presented by 
the Minister of Agriculture of the Republic of national representatives. Invited speakers covered 
Mali. A progress report on ICRISAT's regional topics of special interest to the eastern Africa 
work on sorghum was presented, followed by a sorghum and millet workers, such as P,retrospec
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tive review of the Serere sorghum and millet 

work, problems and methods 
 of pearl millet 
breeding, sorghum nutrition and utilization,
sorghum disease control, Queleacontrol strate-
gies, stem borers, and intercropping. 

In addition to paper presentations and discus
sions, participants visited the facilities and field
work of the Serere Research Station, selected 
district variety trial centers, and seed-multiplica
tion fields. 

The main recommendations of the workshop
were: other disciplines besides breeding/agron-
omy should be encouraged to participate fully in 
future regional workshops; initiatives should be 
taken to assemble and document the traditional 
knowledge on sorghum and millet use ineastern 
Africa; at the next workshop, invited sr, akers 
should cover Striga, sorghum entomology, a,:d
drought resistance; and the major thrust of the 
expansion of the eastern Africa sorghum and 
millet regional program should focus on streng-

I t 

thening the national programs of the region. The 
proceedings of this meeting are available from
the SAFGRAD/ ICRISAT Regional Office, Nai
robi, Kenya. The Fifth Regional Workshop will 
be held in Burundi in July 1986. 

Southern Africa 

Regional Reporting and Planning Workshop 

Hosted by the Department of Agriculture, Bots
wana in Gaborone, 22-27 September, the work
shop was attended by scientists from six SADCC 
countries, the Regional Program, and ICRISAT 
Center. This is the overall coordinating meeting
where plans for tho next season are organized.

In addition, breeders from national and re
gional programs visited each others' research 
stations and programs and made selections of 
breeding material from trials. 

Participants of the Second Regional Sorghum Workshop sampling sorghum food products, Bamako, Mali, 1985. 
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Piirticipiiitsof tire Itt-ioiiil Re'portinig miid i lannom! op rksh~op for 'Southern Africa. vliiin it sorghlum pearling
arid( milli,,g fa Ior) raar (,abaormie Ifotiala 1 985. 

Mexico anrd Cerintl America HIh Iii-st d]ta' i sspent onl presetng results 
from (TiA IS and national program resear-chFouirth Anniaual Meeting of C'IA.IS proajccts; the 2nd on afield trip to see the released
 
var'etvY WI A Milan 85 in farmers' fields, and
ITis meectinlg ol thle I .at Amercicanl 'onainlils-
 tre 3rd onl reviewing fuiture projects submlitted toSion of orghnni Researlcr WI(AISI held at RO(AP for. funding in 1980.

(itiatcnial~i COit. 27-31 ct oher. ais at tended 1y Copies Of the proceedigs, prepared in collab
46 coordiinfatlornd SCIn m national( iro file oration with the 1:1 Salado national program,Programs Cof osta Rica, I )ominican Republic. le available from thle IR g reIsNMYTFl Salvador, ( Itatemala, Ilonm as. Mexico, 

tISA 
SrhmliProgram Office at I NIMNI 1a.Mexico. 

and P~anamna. Repre~senitatives of! I'SA II ltIc 
XII CollaAborative 'escilaeh Support Pdrogram
oni Sorghmi a lal .\illet SAn or IN.- Shed Production Workshop 
SORM 11,II(lxas A& %II 'ni)Pest and Iliver
sito of Kentuckvn Uniited Staes A.gency for 'Il Iswas held 14-IX Octtber at('I MMY'', Mex-International I )evelopr t 0ISA ID), Wash Ing- ico City. and was attended by 110 participants
to alli an SAIl Reginl office (ROCAIP) from. Argentina, Colombia, the ominican Rewere also p uresentl. public, Ecuador, 1: Salvador, uatemala, Mex
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ico, Panama, Peru, Sudan, USA, and Venezu-
ela. The main objectives were to strengthen seed 
technology and production in Central America, 
to identify problems relating to seed production 
and to propose solutions. The main recommen-
dations were: 

I.Scientists in the national programs should be 
trained in seed tcchnology and seed production-
related issues.


2.Involvement of local private seed companies 

inseed production and training of national-

ingaseeiprodtistson ud trainngcofuat 
program scientists should be encouraged. 

3. Seed experts should participate in varietal 
description with the breeders in the region 
when new improved varieties and hybrids are 
released. 

4. Future workshops in seed production should 
consider seed marketing in depth. 

At the end of this successful meeting, the par-
ticipants also recommended that a meeting should 
be held to discuss sorghum plant physiology and 
nutrition in 1986. The proceedings will be pub-
lished by the ICRISAT/CIMMYT program in 
Mexico and will be available for distribution in 
1986. 

Looking Ahead 

Physical stresses. We.will continue 1- study the 
underlying mechanisms as!,-ciated ihfactors 
affecting seedling emergence in collaboration 
with scientists at the Welsh Plant Breeding Sta-
tion, Aberystwyth, U K. This work will now 
include studies on cold tolerance. At ICRISAT 
Center we will increase our activity in the identi- 
fication of enzymes and proteins associated with 
environmental stress and will look more closely 
at the physiology and development of roots in 
relation to drought resistance. Internationai 
nurseries of lines resistant to environmental 
stresses (seedling, midseason, and terminal 
drought stress) will be evaluated at locations 
where the appropriate stress occurs. 

An interim nitrogen-balance sheet from the 

long-term nitrogen balance study will be pre
pared to provide information on the amount of 
nitrogen fixed by continuous cropping for 8 
years in the same plot. The search for more 
efficient nitrogen-fixing plant genotypes and 
bacteria will continue, and inoculation-response 

trials using those genotypes and bacteria will be 
studied in the field. 

Further investigations on better utilization of
rock phosphate by exploiting VAM will con
tinue, as will the assessment of plant genotypes 
for their response to VAM inoculation under 
il odtos
 

field condiiions. 

Biotic stresses. We will complete studies on the 
histopathology of sorghum grain molds and 
begin similar studies on ergot. We will study the 
genetics of resistance to downy mildew, and the 
variability of the anthracnosc pathogen. 

A grain mold-resistant population will be 
composited and improved for mold resistance 
using recurrent selection methods. This will ena
ble us to effectively use the various sources of 
grain mold resistance identified in colored-grain 
sorghums. 

We shall use the identified sources of shoot fly 
resistance in wild and cultivated sorghums by 
incorporating it into agronomically elite culti
vars. We will continue to identify and improve 
the sources of resistance to stein borer, midge, 
and head bugs. For stem borer and mlidge, the 
main emphasis will be on combining resistance 
with higher yield. 

Plant improvement. In population improve
ment Ss of the multifacLor resistance base mate
rials, F-,bulks of crosses involving resistant par
cuts and the base materials, and other selected 
parents will be evaluated for yield and resistance 
Lo Sttrna, diseases, and insect pests. In addition, 
variability for resistance to these stresses and for 
good grain and postrainy-scason adaptation will 
be introduced into the base materials of the 
ICSl1 5BR! M FR population. 

The conversion of photoperiod-sensitive and 
tall landraces to day-ncutral shorter plants will 
continue with the inclusion of more landraces 
with desirable traits in the crossing program. 
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We will continue the development of parents Publications 
for hybrids and convert identified maintainer 
lines into female lines. New experimental hybrids 
will be produced using selected restorer lines and Institute Publications 
the newly developed A lines. Book 

In addition to developing cold-tolerant varie
ties, emphasis in the Mexico and Central Ameritis emphasisgina thera il etralelig House, L.R. 1985. A guide to sorghum breeding. 2nd 
can Regional Program will be put on seedling edn. Patancheru, A.P. 502324, India: ICRISAT. 
cold tolerance combined with flowering cold tol
erance in order to generate very early varieties. 
Using elevations of 1000 m, 1500 m, 1800 m, and Information Bulletin 
2200 m, we shall study the genotype x environ
mental interaction of our elite, cold-tolei ant var- Vasudeva Rao, M.J. 1985. Techniques for screening 
ieties. We will complete studies on the genetic sorghums for resistance to Striga. Information Bul
inheritance of cold tolerance. We will continue letin no. 20. Patancheru, A.P. 502 324, India: 
backcrossing to deveiop A, B, and R lines to ICRISAT. 
produce hybrids for highland areas, and will 
develop hybrids for the lowland areas. Workshop and Symposia Proceedings 

The recent formation of a drought physiology 
reearch unit in Mali will greatly increase our ICRISAT (International Crops Research Institute for 
ability to more accurately identify and select for the Semi-Arid Tropics). 1985. Proceedings of the 
drought tolerance at all phases of plant growth. International Sorghum Entomology Workshop, 15-

In the Regional Program for Southern Africa, 21 July 1984, Texas A&M University, College Sta
populations will be developed. Four population tion, TX, USA. Patancheru, A.P. 502 324, India: 
progeny trials will be initiated in the 1986/87 ICRISAT. 
rainy season. This will provide an opportunity to 
select lines to develop varieties for specific loca- Plant Material Description 
tions. Eventually, the 34 populations received 
and now under evaluation will be selectivelypooled to form no more than three new popula- ICRISAT (International Crops Research Institute for 
tions, the Semi-Arid Tropics). 1985. Sorghum variety

ICSV 1. Patancheru, A.P. 502 324, India: ICRISAT. 
Lines from the national and regional pro

grams will be selected each year and intercrossed 
to generate genetic variability with broad adap- Journal Articles 
tation across the region. 

Bhola Nath, Omran, A.O., and House, L.R. 1995. 
International testing. We will contin'ie to ex- Identification of a double rer 'ssive genotype for 'B' 
pand and improve our international testing net- genes controlling presence and absence of pigmented 
work in cooperation with national and other testa in sorghum. Cereal Research Communications 

programs. In West Africa, improved varieties 13(2-3): 277-279. 

and hybrids from our research will be tested in Bhola Nath, Omran, Abbas 0., and House, 
the national programs through the auspices of L.R. 1985. Genetic divergence among a non-restorer 
on-going regional SAFGRAD programs. collection of sorghum (Sorghum bicolor (L.) 

Moench) and its relationship with heterosis. Euphyt
ica 34(2): 441-447. 

Cox, T.S., House, L.R., and Frey, K.J. 1985. Trait 
associations in introgressed populations of sorghum. 
Zeitschrift fur Pflanzenzuchtung 94(4): 265-277. 
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Kipe-Nolt, J.A., Avalakki, U.K., and Dart, P.J. 
1985. Root exudation of sorghum and utilization of 
exudates by nitrogen-fixing bacteria. Soil Biologyand 
Biochemistry 17(6): 859-863. 

Leuschner, K., Taneja, S.L,and Sharma, H.C. 1985. 
The role of host-plant resistance in pest management
in sorghum in India. Insect Science and its Applica-
tion 6(3): 453-460. 

Maiti, R.K., Raju, P.S., and Bidinger, F.R. 1985. 
Studes on germinability and some aspects of pre-
harvest physiology of sorghum grain. Seed Science 
and Technology 13(l): 27-35. 

Murty, D.S., Sing, U., Suryaprkash, S., and 
Nicodemus, K.D. 1985. Soluble sugars in five endos-
perm types of sorghum. Cereal Chemistry 62(2): 150152. 

Sharma, H.C. 1985. Strategies for pest control in 
sorghum in India. Tropical Pest Management 31(3):
167-185. 

Soman, P., and Peacock, J.M. 1985. A laborator) 
technique to screen seedling emergence of sorghum
and pearl millet at high soil temperature. Experimen-
tal Agriculture 21(4): 335-341. 

Conference Papers 

Agrawal, B.L. and Abraham, C.V. 1985. Breeding
sorghum for resistance to shoot fly and midge. Pages

371-383 in Proceedings of the International Sorghum 

Entomology Workshop, 
 F '; July 1984, Texas 
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Phase Ill of the UND P-funded ICR IS AT coop-
erative research projects on pearl millet involv-
ing the national programs of five countries in the 
Sahelian bioclimatic zone, Burkina Faso, Nige-
ria, Niger, Senegal, and Sudan, concluded in 
1985. During the 9-year course of these pro-
grams, all have produced a range of elite breed-
ing materials, as well as varieties for national 
yield testing. In Niger, Senegal, and Sudan these 
varieties have already reached the farm level, 
following release by the concerned national 
governments. This represents an cxcellcit begin-
ning for ICRISAT's efforts in the Sahclian 
region, and we are grateful to the J NI) P for the 
generous support it has provided for these 
activities, 

UNI)P support will continue for a further 
3-year period, beginiirng Janinary 1986, but the 
program's focus will change from national to 
regional. The regional millet team, consisting of 
six scientists, will operate from the ICRISAT 
Sahelian Center (ISC), Niarnev, Niger, to serve 
the Southern Sahelian 1, -Era tic oMe, where 
millet is the principal cercai crop. One breeder 
will be stationed at the regional sorghum pro-
grain headquarters, to serve the Sudaniai zoie, 
(a longer-season, higher-rainfall area, that re-
quires differcnt varieties), and a seventh scientist 
will continue to work in the Sudan, which afso 
requires different varieties from those for the 
western part of the Sahiclian zone. 

At the same time, the millet program has con-
tinned to build a base for a full-scale crop 
improvement program ii the sotuthern African 
region. This began with tile assignment of a plant 
breeder and a pathologist to Zimbabwe for the 
1985/86 crop season. In collaboration with the 
International Board for Plant Genetic Resour-
ces (IBlIGR) and millet scientists iii the various 
Southern African Developrenrt Coordination 
Conference (SAI)CC) countries, we evaluated 
more than 2400 breeding lines and genetic 
resources accessions during 1984/85 in mtultilo-
cational trials across the region, 

Collaboration between millet scientists at ICRI-
SAT Center and the ISC was strengthened in 
1985 when three Center scientists spent from 6 to 
8 weeks each in Niger and in Mali working on 
crop establishment, mycorrhizal fungi, and downy 
mildew resistance screening. Severaljoint ICRI-
SAT Center ISC projects are planned for 1986. 
These include a new breeding population com
bining the best materials from India and West 
Africa. as a means of exchanging variability 
between Centersjoint work in breeding for crop 
establishment capability and disease resistance, 
aMid flurther research on ivcorrhiizae at ISC by 
scientists froin ICRISAT Center. 

In India, our research continued on a broad 
front in our effort o produce elite breeding 

rnatcrials with resistance todiseases and adapta
tion to tile marginal environments in which a 
coilsiderable part of the world's pearl millet is 
grown. The program at ICRISAT Center is 
gradually shifting emphasis from investigation 
of discipline-oriented problems (disease epide
niolog., understanding the effect of' drought, 
the role of soil microorganisms in crop nutrition, 
etc.) to using the knowledge obtained to breed 
new' genetic materials. We now have more joint 
pro.lects bctwecn plar t breeders and discipline 
scientists, either actually breeding for ad apta
tion. resistance, etc., or investigating the poten
tial to do so regularly in tile future. These 
changes should be reflected iii the greater diver
sity and utility of the genetic materials we pro
duce in the next decade. 

Physical Stresses 

Crop Establishment Problems 

Field Studies on Crop Fstablishment in Niger 

Poor crop establishment has frequently been 
cited as a major problem in the Sahiel. In order to 
assess the problems of seedling emcrgence and 
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survival in this zone, we conducted a survey of 
sowing practices, environmental conditions, and 
plant stands in farmers'fields in Niamey Depart-
ment, Niger, during the 1985 sowing season, 
using a similar methodology to earlier studies in 
India (ICRiSAT Annual Report 1981, pp.59-61). 

Sowing begins following the first rain suffi-
cient to wet the Foil to a depth of approximately 
15-20 cm. No presowing tillage isdone; but indi-
vidual sowing sites (hills) are prepared by open-
ing a shallow hole with a long-handled hoe. 
Seeds -iredropped into these depressions, covered 
with loose soil, and the soil compacted with the 
sower's foot (Fig. 1). The mean number of hills 
sown ha- 1,r itng.d from 3500 to II 0tGt), cquival-
ent to approximately 1.7 in x 1.7 in to 0.9 in 
0.9 m hilt spacing. The ';owing dep'l, (taken as 
the thickness of the soil pressed over the seeds) 
varied fron 2 to 8cm. iihis variation occuri ed in 
a single deld a: well as among different flelds. 

Farmers sowed oily local landraces .If'pearl 
millet. Seeds were of good quality; theirgerniii-
ability range( fiom 50 to 90'j;, and fev had any 
kind of damage. Seeds sown hill-' ranged from 

-rnDavs 
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Figure 1. Sowing pearl milet seeds in afarmer's field 
in Niamey DepaAment, N!Fer 1985. 

40 to as many as 300, giving estimated seed popu
lations of 53000-1900000 ha-'. 

As sowing immediately followed rain, soil 
moi.stuire and temperature conditions at sowing 
were gcneraly 'avorable (Table 1). As a conse
quenC.e, fhe initial establirlment of hills (those 
with at least one emerged seedling) was good-
between 3500 and 9500 hills ha-, or approxi
mately an 8(17i success rate (Fig.2). However, in 
terms of emerged seedlings, the success rate was 
onlyabouw 25'j, giving an estimated initial seed

-ling population of 12000-450000 ha '. What the 
farmer actually requires, however, is a full popu

-lation of hills, with 1.3 plants hill '. Therefore, 
the relatively Liw seedling emergence rate would 
not appear to be a problem, provided those seed
lings that do emerge, survive, and produce grain. 

The period following emergence was dry it, 
most areas sampled, and surface soil tempera
tures began to rise rapidly, reaching as much as 
50'C by 5 days aftersowing(l)AS) amid 56oC by 
12 L AS (Table 1). Surface soil temperal tires 
generally remain moderate so long as there is 
evaporation of water from the surface soil. Once 
surface sod moisture evaporates and is not 
replenished by subsequent rains -the intense 

Table 1. Changes in maximum diur'nal surfiace %oil 
tfeiperatturL and seedbed moisture in26 farmers' pearl 
millet ielas, Niamney )epartment, Niger, rainy season 
19-85. 

after sowing (I)AS) 

2 5 12 
temperatuie CC), 

Mean - SI) 36 ± 2.1 36 8.5 51 ± 3.2 
Range 34 42 27 51 43 56 

Moisture (%)2 

M SI) .6 ±0.95 1.6 0.16' 
Range 2.0 5.5 1.3---1.8 
. Measured at I-cn depth on 2 l)/S, and at I cm on 5and 

2. 	 Measurcd for O-8-cm depth on 2I)AS and for2-12cm on 
12 DAS. 

3. 	Pccor,Jedon 6 of the 26fields only. 
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Figure 2. Frequency distributions of numbers of 
pearl millet hills emerged (5 DAS), and numbers of 
hills surviving, at 12 DAS, farmers' fields, Niamey 
Department, Niger 1985. 

solar radiation at the beginning of the growing 
season will heat the surface soil to temperatures 
above those tolerated by most terrestrial plants. 

The effects of these temperatures on the millet
 
seedlings were disastrous; many seedlings dessi
cated and died during this period (Fig. 3). Esti- P .
 

mated hill populations at 12 DAS reflected this;
 
mean hill populations declined from 4900lantstaha-I ats igure 3. An individual pearl millet hill at 12 DAS,
5 DA to2300liaIAS,at12 nd 
5 DAS to 2300 ha- at 12 DAS, and plant stands showing seedlings killed by high temperature (foret 

failed completely (0 hills alive) in nearly half the ground) and the remaining live seedlings (hack

fields sampled (Fig.2). ground), farmer's field, Niamey )epartment, Niger 

Stepwise regression analyses were run to iden- 1985. 
tify those factors related to final seedling number 
per hill, i.e., seeds hill-', percentage emergence, 
and environmental factors. Surface soil temper
ature at 12 DAS accounted for almost all the in progress both at ICRISAT Center and ISC 

56% variation in seedling number explained by (ICRISAT Annual Report 1984, pp. 84-85) to 

the stepwise regression. We are aware that soil assess genetic variation for tolerance of such 

temperatures are a function of soil moisture, but temperatures, at least for short periods of time. 

both the regression analysis and our field obser
vations suggest that even where there was mois
ture below the surface soil hayer (i.e., below 8-10 Timing and Method of Sowing 

cm, and within reach of the seedling roots, seed
ling death occurs if surface soil temperatures Trials on farmers' fields in Niger in 1984 (ICRI

reach the values recorded in this study, i.e., SAT Annual Report 1984, pp. 325-327) indi

exceed 50'C. Our results thus confirm the com- cated that farmers frequently continued sowing 

mon observation that plant stand establishment for more than 4 days after the first rain, resulting 

in the Sahel depends largely upon the occurrence in poor crop stands and reduced crop yields. We 

of rains following sowing, to prevent surface soil tested the effects on seedling establishment and 

temperatures from rising to lethal levels. Work is growth of delayed sowings in controlled experi
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ments at ISC in 1985, along with the possible 
benefits of two methods that could improve
stands; dry sowing before the rains, and the use 
of presoaked seed for sowing. 

Dry sowing prior to the rains was similar to 
sowing immediately after the rains. Both treat-

0 Dr-y sowing before rains 

0.0 days after first ,in 

1.5 days ofter first rain 

o 3.0 days after fir-st rain 
1.0 days after second rain ". 
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Figure 4. Pearl millet seedling root number (a) and 
top growth at (b) 21 DAS and final grain yield (c)for 
different times of sowing in relation to the first rain, 
ISC, rainy season 1985. 

ments produced seedlings with the highest root 
numbers per seedling and seedling dry mass in 
the experiment (Fig. 4). Delaying sowing for 
1.5 to 3 days after the first rains significantly 
reduced both root and top growth of seedlings,
but did not affect plant stands or grain yields 
(Fig. 4). The initial rains at ISC were regularly
spaced in the 1985 crop season, however, and 
results of later sowing migh, have been different 
in years with inadequate early rains. 

Delaying sowing to the second rain, rather 
than sowing 2-3 days after the first rain, resulted 
in better seedling root development at 21 DAS 
although seedlingdry mass was notsignificantlydifferent. Grain yields from delaying sowing to 
the second rain were significantly less than thosefrom all sowings made with the first rain (Fig. 4). 

Presoaking seeds for 7.had 	 hours before sowingsome influence on the rapidity with which 
seedlings emerged, but not on final hill stand 
(Fig. 5) or grain yield. The interaction of pre
soaking seeds with sowing time (Fig. 5) indicated 
that in a season where drought occurred intme
diately after the rains, some advantage mayresult from presoaking seeds, but the traditional 

practice of dry sowing still appears preferable tosowing presoaked seed. 

----- Presoaked seed sawn 0 DRRI 

--	 Dry seed sown 00ARI 
Presoaked seeJ s-,n 1.5 OARI 

10 Dry seed sown 1.5 ORRI
 
I10
 

C. 

0 ,.- -.' 

S
 

Days after sowing (OAS) 

Figure 5. Numbe, of hills established by dry and 
presoaked pearl millet seed sown immediately follow
ing the first rain (0 DAR 1)or 1.5 days later(I.5 DAR 
1), ISC, rainy season 1985. 
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Seedling Establishment under Drought S s 	 Table 2. Seedling survival at 49 days after sowing in 

stressed and control treatments for selected ICRISAT 
Research continued at ISC on a simple field-	 West African pearl millet varieties, ISC, dry season 
screening method for evaluating drought resist- 1985. 
ance during the seedling establishment phase, Survival 
based on the hypothesis that two water levels (a 
regularly irrigated control and a nonirrigated Stressed Control 

Entry 	 treatment treatmentstress treatment) would be sufficient to evaluate 
breeding materials (ICRISAT Annual Report ICMV 8524 SC 90 98 
1984, p. 85). The relationship between percen- ICMV 8513 SC 90 98 
tage seedling survival and coefficient of varia- ICMV 8506 SC 89 98 
tion was used to select the percentage survival at ICMV 8526 SC 88 99 

which to relieve the stress, such that differences ITMV 8001 87 99 

in survival of 10% among entries couild be ICMV 8532 SC 87 100 
detected statistically. Under the conditions of IC*MV 8509 SC 87 99 
the method, the point at which the standard ICMV 8533 SC 86 96 

ICMV 8522 SC 85 96susceptible control genotype reached 40% stand 
loss (60% survival) fulfilled this criterion. ICMV 8523 SC 85 99 

The seedling drought tolerance of 36 geno- ITMV 8304 84 90 
types, including 24 synthetic varieties from the ICMV 8508 SC 79 100 
ISC Millet Breeding Program, was evaluated in ICMV 8511 SC 78 100 

ICMV 8512 SC 76 99irrigated and stressed plots at the end of October 
1985. Control plots received 25 mm ofirr-gation ICNMV 121 74 91 

every 10 days. Stressed plots received irrigations Controls 
of 25 mm after dry seeding, and at the time when Local 93 100 
the stress was relieved (40 DAS). Because of CIVT 90 94 

MBH 110 	 77 95residual moisture in the soil from the rainy sea-
son (June-September) and low soil temperatures SE L2.0 ±4.9 
in November, survival of the susceptible control Trial mean (36 entries) 87 99 
genotype did not fall to 60%, even though the 
stress relief was delayed. Nevertheless, signifi- CV(%) 11 12 

cant (P<0.01) genotypic differences were found 
among entries; 21 of the new synthetics have 
seedling stress tolerance equal to that of the 
local, and the improved local (CIVT) cultivars generation screening of such selections isneeded 

(Table 2). The good performance of these syn- to eliminate lines that have poor seedling estab

thetics may be due to their Sahelian parental lishment in the drier zones. Our method for 

lines. Some of these better synthetics also have a drought resistance screening iscapable of identi

higher grain yield potential than the local cultiv- fying such genotypes.
 

ars (see Plant Improvement section of this
 
report).
 

Entries having poor seedling establishment Drought Stress
 
originated in higher rainfall areas than ISC
 
(>1000 mm vs 550 mm). Many of these lines are Timing and Intensity of Terminal Drought
 
selections from material collected in northern Stress
 
Togo. This Togolese "Iniadi" population has 
been used by many millet breeders as a source of Investigations of genotype responses to drought 
large seed size. Our study indicates that an early- stress over a number ofyears have indicated that 
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except for stress during seedli.1 g establishment, 
stress during flowering and early-grain filling 
has far more serious consequences for pearl 
millet than at any stage prior to flowering. The 
effects of late-season stress were investigated in
initial experiments conducted during the 1978 
and 1979 dry seasons on medium-deep Alfisols 
when terminal drought stress treatments were 
begun at different times from 50% flowering.
The combined analysis of 2 years' data showed
that the time of onset of stress determined the 
extent of grain yield loss (Fig. 6a). Yield reduc-
tions were severe (70-80%) when the stress was 
initiated prior to flowering, but the effect declined 
rapidly as the onset of stress was delayed. Yield
reductions were primarily due to the effect of 
time of initiation of stress on grain number per
unit area (Fig. 6b), although grain size was also 
reduced by as much as 30% in the early stress 
treatments. 

The timing of terminal stress is not the only
factor affecting yields; intensity of stress may be 
equally important and may interact with timing.
We initiated studies during the 1981 and 1982 
dry seasons using the line-source sprinkler irri-
gation system, to investigate the simultaneous 
effects of timing and intensity of postflowering 
stress. The crop was initially furrow irrigated;
the line-source treatments were begun 50 days
after emergence (DAE) in 1981 and 58 DAE in 
1982. The different stress intensity treatments 

created by the line 
source were quantitatively
 
described as the percentage irrigation deficit,
 
compared to the fully irrigated control treatment.
 

Since the genotypes (16 in 1981, and 32 in 
1982) differed in time to 50% flowering, the phe-
nological timing of onset of stress was different 
for each genotype. Therefore, the yield vcrponse
of each genotype to increasing stress severity was 
expressed as a yield reduction ratio (yield loss as 
a fraction of the nonstressed control, per percen-
tage irrigation deficit). This ratio provided a 
means of testing the influence of time to 50% 
flowering on yield reduction; there were strong
linear relationships between time to 50% flower-
ing and the yield reduction ratio in both the years
(Fig. 7). This occurred because earlier-flowering 
genotypes partially escaped stress, resulting in 
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Figure 6. Effects of the time of onset of drought stress 
on pearl millet grain yield (a) and grain number (b)
relative to nonstressed control. Data are means of 
eight genotypes,replicated fourtimes;ICRISATCen.
 
ter, dry seasons 1978 and 1979. 

lower yield reduction ratios compared to the
 
later-flowering 
 genotypes, which encounteied 
stress during the critical stages of flowering and 
early grain filling. 

The time of line-source sprinkler irrigation 
treatment initiation (time of onset of stress) for 
each genotype was expressed as time from 50% 
flowering. For each stress intensity, each geno
type's yield was plotted as a function of onset of 
stress for that genotype (Fig. 8). This method of 
expressing the data allows a simultaneous com
parison of the effects of both stress timirng and 
severity. At mild intensities (<20% irrigation
deficit), timing of onset of stress had no serious 
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Figure 7.Yield-reduction ratios (reduction inpearl millet grain yield expressed as afraction of the nonstressed 
control, per each percent irrigation deficit) in relation to genotype time to flowering,ICRISAT Center,dry seasons 
1981 and !982. 

effect on grain yield. As the stress intensity the combined effects of timing of stress onset and 
increased, the time of onset of stress became severity (86% in 1981, and 72% in 1982). The 
more critical. The earlier the onset -f stress, the interaction of the two factors was not significant 
more the yield reduction (Fig.8). The effect of and the magnitude of the coefficients of deter
time of onset of stress on grain yield was mainly mination suggested that genotypic differences 
an effect on the grain number component, as a other than in phenology were much less impor
result of reductions in both panicle number per tant than stress timing and intensity in explain
unit area and grain number per panicle. In corn- ing yield vaiation among the different treat
parison, the effect of stress intensity on grain ments and genotypes. 
yield was by a reduction in both grain number The results also permit some quantification of 
and size. the expected advantages of fitting cultivars of 

A very high percentage of the variation in shorter duration to areas where terminal drought 
grain yields in both years was accounted for by frequently occurs. For example, replacing a cul
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Figure 8.Relative pearl millet grain yields for selected Intensities of drought stress, expressed as the percentage 
irrigation deficit, inrelation to the onset of stress. ICRISAT Center,dry seasons 1981 and 1982. 
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tivar that flowers at the time of stress initiation 
with one that flowers 10 days before stress initia-
tion would result in an 18% yield advantage in a 
mild stress year [30% deficient in potential eva
potranspiration (ET) after flowering] and a 35% 
advantage in a severe stress year (70% deficient 
in potential E' after flowering). These relation-
ships require testing in other locations/seasons, 
but the general principles should be useful in 
estimating the benefits of cultivars of shorter 
duration in areas prone to end-of-season droughts. 

Selection for Adaptation to Drought 

One alternative open to a plant breeder aiming 
to improve adaptation to drought stress condi-
tions is to reselect promising, but variable, mate-
rials specifically for drought conditions. While 
this is most obviously done in open-pollinated 
varieties, the possibility also exists in hybrids,
where there is residual variability in the pollen 
parent. A number of individttal plants from such 
a variable pollinator [(T1I 66- . 70594-2-6) 90] 
were selfed and crossed on 5141 A, and both the 
St progeny and test crosses grown tinder termi-
nal droutght in the dry season of 1982. Selected 
test crosses were reevaluated under rainy-season 
conditions in 1983 and one EICH 830i --was 
selected for further testing in the 1984 Pearl 
Millet Advanced Drought Trial (I)MAI)T) and 
the 1985 Pearl Millet Mutltilocational Droutght 
Trial (PM M DT). 

EICH 8301 outyielded (11... 0.05) the two 
standard control varieties WC-C75 and ICMS 
7703 in thiee of the five trials subjected to terni-
nal stress (ICRISAT Center Drought Nursery 
1984, and rainy-season trials Anantapur 1984 
and ICRISAT Center 1985, Table 3), and yielded 
as well as the control means in the other trial 
locations. 

This approach of reselecting otherwise elite 
materials (tle original hybrid made using the 
pollinator of FICH 8301 was entered in the All 
India Coordinated Millet Improvement Project 
trials) for better drought tolerance may have 
considerable possibilities, as it takes full advan-
tage of disease resistance and yield potential 

Table 3. Grain yield of pearl millet hybrid EICH8391 in terminal stress environments, ICRISAT Cen
ter (IC) and Anantapur (A), 1984 and 1985. 

Grain yield (kg ha-) 
Drought nursery Rainy-season trials 

IC1984 IC1985 A 1984 A 1985 IC1985
 

EIt, ,.,I 980 1300 650 1500 2860 
Controls 
WC-C75 630 850 470 1590 2100
 
ICMS 7703 74(0 940 470 1390 2320
 
SE ±112 ±229 ±66 ±430 ±279
 
Mfean 810 830 430 1400 2270
 

CV'(V' i) 28 28 27 31 12
 
1. Hlasd on 48 entries at IC 9"4, 21 at IC 1985, 14 at A 

1984, and 20 at A 1985 and I( 1985. 

available in elite materials. These results suggest 
that there may be useful residual variability for 
adaptation to stress in some elite matt rials. Sev
eral such reselection projects are now in progress 
and results will be evaluated in the future. 

Biotic Stresses 

Downy Mildew (Sclerosporagrcnminicola) 

Biology. We studied three aspects of downy 
mildew (DM) biology at ICRISAT Center: 
I. the length of time required for asexual sporu
lation, 2. the effect of preinoculation storage 
tenperature on sporangial infectivity, and 3. the 
effect of light on asexual sporulation. Studies on 
pathogenic variability in S. graminicola were 
continued at the University of Reading, UK, 
usiug isolates from India and African countries. 
A summary of this work wil! be reported next 
year. 

To determine the minimum period of time 
required for production ofsporangia on the sur
face ofsystenically infected leaves, we incubated 
excised leaves that had been appropriately pre
treated for sporulation, at 20'C and 95-100% 
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relative humidity (RH) in darkness, conditions removed from each temperature every hour for 
considered to be conducive for asexual sporula- 12 h and used to inoculate 40-h-old seedlings of a 
tion by S. graminicola.Sporangiophores deve- downy mildew susceptible pearl millet cultivar, 
loped and sporangia began to form during the by immersing them in the sporangial suspen
first 2 hours, and by the end of the 3rd hour sions. After 1 hour's immersion seedlings were 
mature sporangia were produced. With time, transplanted into soil in pots. Counts of DM
older sporangiophores collapsed, but new spo- infected seedlings showed that the infectivity of 
rangiophores continued to develop and produce sporangia was greatly influenced by preinocula
sporangia. No sporulation occurred on leaves tion temperature and length of storage (Fig. 9). 
maintained at only70% RH.These findings sug- Sporangia stored at 10 and 15'C for 12 h and 
gest that given suitable temperatures and RH, also those stored at 20 'Cfor upto 10h, 25'C for 
sporangial production can continue for several up to 7 h, and 30'C for up to 4 h were able to 
hours in the field at night. infect a high percentage of inoculated plants. 

To determine the effect of storage temperature For other treatments, the frequency of diseased 
on sporangia in aqueous suspension (101 spo- plants was either low or zero. The ability to 
rangia mL-'), we placed 12 aliquots of a suspen- maintain sporangial viability in suspension at a 
sion of viable sporangia in petri dishes and held low temperature isimportant because it permits 
them at each of the eight temperatures: 10, 15, the use of sporangia collected in the early morn
20, 25, 30, 35, 40, and 45°C. One dish was ing as inoculum for screening in the evening of 
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Figure 9. Effect of preinoculation storage temperatures on the infectivity ofSclerosporagramlnicolasporangin at 
different durations of Incubation, ICRISAT Center, 1985. 
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the same day. Under field conditions, sporangia
produced during the night lose their viability by 
midmorning or earlier. 

To study the effect of light on asexual sp dlIa-
tion of S. graminicola, we placed segments of 
systemically infected leaves, pretreated for spor-
ulation, on moist blotting paper in open petri
dishes in incubators, and exposed them to three 
treatments: near ultraviolet light (160 lux), fluo-
rescent light (2000 lux), and darkness. The high 
RH required for sporulation was maintained in 
each incubator. Numbers of sporangia produced
in the three treatments averaged 6.3 x 10 spo
rangia cm-2 leaf area, and did not vary signifi
cantly among treatments. We concluded that 
asexual sporulation in S. graminicola was not 
affected by these treatments. 

DM Incidence at Selected Sites in Niger 

At ISC', Tiaguirire, and Gaya, we planted four 
cultivars and one local variety of pearl millet to 
observe the natural incidence of DM. At ISC, 
only the ultrasusceptible variety 7042 became 
infected (Table 4). The overall highest level of 

DM for the nursery was found at Gaya, although
the highest infection in 7042 occurred at Tia
guirire. 

DM surveys of farmers' fields were conducted 
in the Gaya, Boboye, Samari, and Sador6 areas. 
No DM was observed at Samari and the mean 
level of DM was 3% at Sador& and 4% at 
Boboye. The highest mean incidence of all the 
areas surveyed was at Gaya with 31%, confirm
ing that this may be an appropriate environment 
for future DM screening. 

Table 4. Natural incidence ofpearl millet downy mil
dew at three locations in Niger, rainy season 1985. 

DM incidence(%) 

Entry ISC Tiaguirire Gaya 

7042 
Sador Local 

20 
0 

62 
0 

24 
NA! 

Gaya Local NA NA 29 
3/4 HKCIVT027 0 2 26 
Ex-Bornu 0 3 8 

I. NA Notapplicable. 

Figure 10. Pearl millet disease-resistance screening nursery, Bengou, Niger, 1985. 
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Establishment of DM Screening Nurseries in spent 6 weeks at Cinzana, Mali, assisting the 
West Africa Malian national pearl millet improvement pro

gram to establish a DM screening facility (Fig. 
Because it has been difficult to establish a DM- 11). High levels of DM were established in infec
screening nursery at ISC, an agreement was tor rows to provide DM pressure for testing breed
made between ICRISAT and the Institut Natio- ing material. 
nale de Recherches Agronomiques du Niger 
(INRAN) to use land at the INRAN station at 
Bengou, near Gaya in southern Niger, for dis- Improvement in the Field-screening Technique 
ease screening and agronomic evaluation of at ICRISAT Center 
ICRISAT materials. Bengou has a mean annual 
rainfall of 800 mm, and pearl millet diseases, The discovery that pearl millet seedlings are 
particularly DM, occur each year in farmers' highly susceptible to DM at emergence (coleop
fields in that area. We established a DM nursery tile stage) has led to a change in the system of 
at Bengou using the infector-row technique, suc- inoculating infector rows in the DM nursery at 
cessfully used for many years at ICRISAT Cen- ICRISAT. The old method of placing pots of 
ter (Fig. 10). A sprinkler irrigation system was infected plants at 10-m intervals in infector rows 
not available for use in 1985, but we hope to have has been replaced by spraying infector rows with 
such a system in 1986 to help create, when neces- a sporangial suspension when plants are in the 
sary, the high humidity needed for infection. coleoptile stage. Infector rows are irrigated prior 

A millet pathologist from ICRISAT Center to inoculation to create high humidity condi-

Figure 11. ICRISAT pearl millet pathologist working with Malian national program staff, Cinzana Research 
Station, Mali, 1985. 
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tions, and plants are inoculated after sunset. 
This technique has given high levels of DM 
infection in infector rows and saves considerably 
on the expense of growing plants in pots. 

Resistance Screening 

With the availability of a large number of pre-
viously identified sources of DM resistance, our 
emphasis at ICRISAT Center has shifted to 
screening more material.breeding Resistance 
available in this type of material can be more 
readily used in the breeding program than that 
from genetic resources accessions. 

DM ilcidence ranged from I to 10% in 12 
composite populations evaluated in the field. We 
made single-plant selections from these popula-
tions and their progenies are being evaluated, 
We also evaluated more than 600 breeding lines, 
including those previously found to have stable 
resistance to DM and/or rust (Puccinia pen-
niset), plus hybrid seed parents and pollinators.
Of these lines, 380 were either J)M-frec or had 
<10% DM. In addition, we e aluated 46 F3 and 
F4 progenies of crosses between the rust-resistant 
line, 7042-1-4-4, and 84113, 811B, and 68B. 

Resistance Utilization 

Several lines with stable DM resistance, includ-

ing P7, P310, SDN 503, 700516, and 700651, are 

being used in the pollinator breeding project,

and resistances from P 7 and 700651 
 are being
transferred to several hybrid seed parents. 

Ergot (Cla viceps fusiformis) 

Ergot Survey in Niger 

We surveyed farmers' fields for ergot in 1985 in 
the areas of Boboye, Gaya, ISC, and Samari, but 
did not find any ergot. Only very low levels of 
ergot were fouid in surveys in '982 and 1983,
supporting earlier reports that ergot is relatively 
uncommon in such dry areas, 

Resistance Screening 

Very low levels of ergot infection were obtained 
in Niger following inoculation of ICRISAT 
materials; mean infection levels of 3% at Bengou
and I%at ISC were tco low for reliable screen
ing in Niger. However, as usual, ergot disease 
pressure was of sufficient magnitude to screenfor resistance in India during both the dry and 
rainy seasons. About 3100 entries were screened 
for resistance at ICR ISAT Center and Auran
gabad in the continuing process of identifying, 
verifying, and using sources of ergot resistance. 

Resistance Identification 

We continued to identify and develop ergot
resistant (ER) lines with emphasis on concen
trating resistance genes from diverse sources and 
selecting progenies with desirable agronoinic 
traits. )uring wethe dry season screened 377 
progenies in F, to F5 generations from ER x 
Togo selections, ER x DM resistant lines, and 
ER x ER crosses, and selected ER panicles from 
84 progenies that had plants with high levels of 
resistance (-<5% severity) and desirable agro
nomic traits. 

During the rainy season, we screened over
1200 entries, including selections from the dry 
season, plus new cross-bulks and inbreds. Ofthese, 193 entries were evaluated both at ICRI-
SAT Center and at Aurangabad. Although a 
large proportion of entries (64%) showed high
levels of ergot resistance (<5% severity), only
216 entries (17%) were selected on the basis of 
ergot resistance and desirable agronomic traits(Table 5). 

Resistance Utilization 

We continued our efforts to transfer ergot resist
ance into hybrid seed parents. A large number of 
progenies from crosses ICP 220 x ER line, J 104 
x ER line, 5054 B x ER line, and 81B x ER line 
were screened at F3, F4, BC3, BC5, and BC6
generations, from which we selected ER segre
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Table 5. Summary of results from screening for ergot resistance in pearl millet, ICRISAT Center (IC) and 
Aurangabad (AB), rainy season 1985. 

Entries from 

Entries in the ergot severity (%)class' which EREntries Entries -particles
 
Material screened 0-5 
 6-10 11-20 21-30 >30 selected 

Togo x ER
 
Cross/line bulk 73 IC I 
 4 9 19 40 23 

73 AB 9 21 30 II 2 20 
ICM PESJ
 
Cross bulk 193 IC 79 
 54 37 12 II 81 

27 AB 19 7 I 0 0 0 
ER inbreds 946 IC 702 104 95 32 13 112
 

93 AB 81 8 I 0 3 0
 

I. Based on mean of 6-80 inoculated inflorescences per entry. 
2. ER = Ergot resistant. 
3. ICMPES = ICRISAT Millet Pathology Lrgot Sib-bulk. 

gants. Results showed improvement in resist- In Niger, the level of smut in noninoculated, 
ance of the successive backcross generations of but bagged panicles was especially high in trials 
81 A x ICMPE 134-6-9, from 17-31% infection in and nurseries at Bengou with 80% infection on 
BCI to 3-11% infection in BCr,. However, the some panicles. This suggests that Bengou may be 
possibility of breeding ergot-resistant hybrids a good location for screening for smut resistance 
may be more difficult than was previously in West Africa. The considerable variation in 
thought. infection that occurred among panicles, even of 

Ai ER composite has been formed using 52 the same entty, was probably partly due to dif
ergot-resistant ICRISAT Millet Pathology Ergot ferences in natural levels of inoculum in the air, 
Sib-bulk (ICMI'ES) lines, with desirable agro- and the suitability of the microenvironment of 
nomic traits. Two random matings were cotn- the bagged panicles for infection during the criti
pleted, one at Bhavanisagar and another at cal time period of vulnerability to smut infec-
ICRISAT Center. We will attempt to make this tion. Artificial inoculation and use of sprinklers 
population flower earlier and improve its agro- to better ensure high humidity (luring the critical 
nomic traits, to provide lines for use in breeding infection period should make it possible to achieve 
varieties and pollinators, more reliable smut screening at Bengou. High 

levels of smut infection were also observed on 
some solfed panicles at ISC. However, mean

Smut (Tolyposporiuin penicillariae) smut incidence was only I%in farmers' fields in 
the Boboye area an(d 0.3% in the Samari area in 

Resistance Screening 1985. 

We screened more than 3150 entries for smut 
resistance at ICRISAT Center and Hisar, to 
identify or verify smut resistance in inbred lines Resistance Identification 
and populations and in progeny of crosses 
involving at least one parent with resistance to With a view to verifying resistance, we screened 
smut. 1180 entries, including accessions, smut-resistant 
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Table 6. Summary of results from screening pearl millet smut-resistant (SR) inbred lines, ICRISAT Center, rainy 
season, 1985. 

Entries 
Material screened 0-5 
SR lnbreds 1 118 118 
SR lnbreds 2 115 108 
SR Accessions 57 45 
F3 DWC Dwarf 61 61 
F3 DWC Medium 424 424 
F3 (F6 x F6) lines 203 199 
F4 (F6 x F6) lines 200 200 
Total 1178 1155 

Percentage 98 

1. Based on 10-20 plants inoculated in each entry. 

(SR) inbred lines, and F3/F4 lines, in the smut 
nursery at ICRISAT Center (Table 6). In each 
entry, 10-20 plants were inoculated. We selected 
192 lines (16% of the total entries) that were 
highly resistant (<1% mean smut severity) and 
had desirable agronomic traits. 

These lines will be evaluated for DM resist
ance and agronomic traits, and selected lines will 
be used in the breeding program. 

Resistance Utilization 

We screened more than 500 C3, S,, and S3 pro-
genies of the Smut Resistant Composite (SRC); 
about 85% of these had <5% smut severity,
Many individual plant selections were made for 
recombination in the next cycle. Based on their 
resistance to smut and DM and their high grain 
yield, two of our experimental varieties, ICMV 
82132 and ICMV 83118, and one synthetic, 
ICMS 8283, were entered in AICMIP trials in 
1984. 

As a continuation of our effort to improve 
different breeding populations for smut icsist-
ances, we screened 434 St progenies of the 
Medium Composite (MC) and 496 S, progenies 
of the New Elite Composite (NELC). The fre-
quency of resistance (<5% severity) was 48% in 

Entries in the smut severity (%)class' Entries 
6-10 11-20 >20 selected 
0 
5 
8 
0 
0 
4 
0 

0 
I 
4 
0 
0 
0 
0 

0 
1 
0 
0 
0 
0 
0 

29 
8 
7 

20 
62 
48 
18 

17 5 I 192 

1.5 0.4 0.1 16 

the MC and 53% in the NELC. We selected 
progenies with high levels of smut resistance and 
desirable agronomic traits for recombination. 

Rust (Pucciniapenniset) 

Resistance Identification 

The incidence of pearl millet rust disease, caused 
by P.penniseti,in India isgenerally much higher
than in West Africa, although rust was noted on 
some lines late in the season at Bengou, Niger.
The natural incidence of rust at Bhavanisagar,
Tatnil Nadu, is generally high in pearl millet 
planted in September or October. Therefore, 
resistance screening for this disease is mainly 
done there. 

In 1985, we evaluated 440 accessions for rust 
resistance at Blhavanisagar; all were infected and 
only five accessions showed <5% rust. All the 
entries in a 50-entry pollinator nursery, 49-entry 
population products nursery, and 32-entry 1985 
International Pearl Millet Smut Nursery(IPMSN) 
developed >10% rust. In addition, 1380 single
plant progenies of three composites, New Elite, 
Medium, and Stmut Resistant, were evaluated 
and although none were rust-free, 77 progenies 
showed 10% or less rust. 
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One-hundred-and-six entries, comprising lines 
possessing stable resistance to DM and rust, 
were again evaluated for rust at Bhavanisagar 
and ICRISAT Center. Of these, 43 entries were 
rust-free at both locations. Most of these entries 
are selections from 700481-2 1- 8, P 24- 1, P 1564, 
IP 2084, IP 1594, and IP 8695; P 24-1, P 1564, 
and IP 8695 also possess stable resistance to 
DM. 

Resistance Utilization 

Rust resistance from 7042-1-4-4 is being trans-
ferred into male-sterile lines 841A, 81A, and 
68A. We evaluated F, and F. progenies from this 
project for rust resistance at lihavanisagar and at 
ICRISATCenter. One hundred progenies of the 
380 evaluated at ICRISAT Center, and the 470 
evaluated at 13havanisagar were rust-free at both 

locations, while plants of several other progenies 
were segregating for rust reaction. 

Multiple Disease Resistance 

We screened 808 entries for multiple disease 
resistance (DM, ergot, smut, and rust) during 
the 1985 rainy season at ICRISAT Center. These 
included AICMIP yield trials, the AICMIP dis
ease nurseries, the ICR ISAT 1985 international 
disease nurseries, and selected disease-resistant 
inbreds from ICRISAT (Table 7). 

We evaluated test entries for a! diseases 
except rust in the DM nursery. As in previous 
ycars, we inoculated for smut at the boot stage 
and for ergot at full stigma emergence. As far as 
possible, tillers of the same plant were inocu
lated, one with snut and another with ergot. In 
each entry, 10-20 panicles were inoculated. We 

Table 7. Pearl millet lines screened for multiple disease resistance, ICRlISAT ('enter, rainy season 1985. 

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

AlC111 
Yield trials 114 103 t) 16 -2 

Downy mildew nursery 56 26 0 - -
Ergot nursery 24 7 12 - 8 
Smut nursery 15 5 0 14 0 

ICRISAT
 
IPMDMN 4 43 0 18 -

IPMEN 32 31 23 28 -
IPMSN 32 23 0 28 -
ER inbreds 158 111 130 158 -
SR inbreds 211 182 - 197 -
DMR inbreds 40 35 0 15 -
RR inbreds 81 64 0 12 66 

Total 	 808 630 165 
 486 74
 

I. 	IPMDMN = International Pearl Millet Downy Mildew Nursery. 
IPMEN r International Pearl Millet Ergot Nursery. 
IPMSN r International Pearl Millet Smut Nursery. 
ER = Ergot resistant. 
SR = Smut resistant. 
DMR = Downy mildew resistant. 
RR = Rust resistant. 

2. 	 Not screened. 
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counted DM infected plants 30 DAE and scored 
for ergot and smut severity 20-25 days after 
inoculation. We recorded rust scores only in 
three disease nurseries under naturai rust pressure. 

Among the AICMIP hybrid and population 
trial entries, 90% showed resistance to DM, 14% 
to smut, but none to ergot. In the AICMIP 
disease nurseries (DM, ergo, and smut), where 
more than 50% of the entries were contributed 
by [CRISAT, most entries showed resistance 
only to the disease that was the subject of the 
trial, 

Among the international disease nursery 
entries, we again found most entries csistant to 
the target disease. In the International Pearl 
Millet Downy Mildew Nursery (IPMDMN), iX 
entries had combined resistance to DM znd 
smut; in the International Pearl Millet Ergot 
Nursery (IPMEN), 23 entries had combined 
resistance to DM, ergot, and smut; and in the 
Internationai Pearl Millet Smut Nursery (1PM-
SN), 23 entries had conbined resistance to I)M
and smut. 

We also evaluated 490 individual, disease-
resistant inbred lines for their combined resis-
tance to two or more diseases. A large percen-
tage (70';j) of ergot-resistant inbreds were also 
resistant !o I)M and smut; 86% of the smu,-
resistant inbreds had combined resistance tj
DM and smut; 37% ofDM resistant inbreds h:d 
combined resistance to DM and smut; and 15% 
of the rust-resistant inbreds had combined resis-
tance to DM, smut, and rust. 

In general, the frequency of combined resis-
tance to DM and smut was adequate i. the 
ICRISAT Center lines. The frequency of corn-
bined resistance to DM, ergot, and smut was 
high only in the ergot-resistant inbred lines, 
These inbred lines should be used in population
breeding to incorporate multiple resistance in 
both the populations and their products. Many 
of these lines were supplied to breeders in India 
.o be used in their breeding programs, 

Striga hermonthica 

To assess the infestation of S. hermonthica in 
each of the two sick plots initiated at ISC in 

1982, we recorded the number of emerged S. 
hermonthica plants associated with each hill of 
pearl millet. One plot had a mean of nine S. 
hermonthica plants M- 2 with a considerably 
more uniform infestation, than the other plot,
which had a mean of live S. hermorthica plants

2m- . All the hills in each sick plot were sown on a 
carefully placed grid, and future sowings in these 
plots will be repeated on the same grid. Results 
from these plots can be evaluated in terms of the 
past history of S. hermonthica infestation in 

2each 2 m area of each plot. 
In a small-scale survey of farmers' fields in 

Niger, S. hermonthicaplants that had emerged 
from the soil were associated with 1.5% of millet 
hills in the Boboye area, 36% in the Samari area, 
and tip to 70% in the Gaya area. 

Insect Pests
 
Population Monitoring
 

At ISC, we monitored populations of the stem 
borer (Acigona ignefusalis) and the earhead 
caterpillar( Raghuvaalbipunctella),from October 
1984 through September 1985. During the dry 
season, we recorded a drop in the numbers of 
diapausing stem borer larvae from 30 (100 
stems)-' in November 1984, to 14(100 stems)-l in 
May 1985. Lower numbers of adults were re
corded in light traps during the crop season
 
(May-October 1985) compared to previous years,
 
and at the time of peak stem damage (Sep
tember) we recorded 74 larvae (100 stems)-' in 
19 8 5. The corresponding figures were 106larvae 
(100stems)-' in 1984 and 339 larvae(100stems)-' 
in 1983. These results thus indicate a declining 
trend in stem borer infestation at the ISCduring 
the 3-year period, 1983-85. 

Soil sampling for diapausing pupae of the 
carhead caterpillar also showed a decline in 
numbers during the dry season (November 1984 
to May 1985). In 1985, adult moths were first 
recorded in light traps on 8 August, 3weeks later 
than in 1984. This delay corresponded to a com
parable delay in the arrival of good rains essen
tial to break the diapause (ICRISAT Annual 
Report 1984, p.100). 



Unusually high infestations of the cotton 
stainer (Dysdercus volkerii) were recorded in 
1985. The most severe infestations resulted in 

complete head blasting on CIVT, an improved 
variety, where an average of 160 insects plant-' 

were observed in early July. 

Pest Management 

Agronomic practices. In collaboration with 
a study at 

the soil tillage scientist we initiated 

ISC to investigate the effect ofplowing at the end 

of the crop season (November) on the survival of 
diapausing R. albipunctellapupae. This study 
was conducted using 20 m x20 m plots in a field 
where there had been considerable infestation in 

the previous year (mean of 85% infested panicles 

and an average damage score of 3.5). The study 
involved three replicated treatments: 1. crop 
residue removal and no plo ,'ing, 2. crop residue 
incorporation with deep plowing (30 cm), and 
3. no crop residue removal and no plowing (con-
trol). We carried out monthly soil sampling in 
four I m x I m subplots in each plot, excavating 
and sieving the soil through 2 mm sieves to a 
depth of 30 cm at 5-cm intervals. 

Our results indicate that deep plowing reduced 
the number of surviving diapausing pupae at all 
soil profiles sampled (Fig. 12). The effect was 
most pronounced in the top 10cm of the profile. 
Overall, we recorded almost three times as many 
pupae in the control (86 out of 128) as in the 
plowed treatment (32 out of 77). 

Survival was highest in the lower third (20-30 
cm), although a higher proportion of the initial 
popuiation of pupae (51%) was found in the 
middle third (10-20 cm) of the profile. An exam-
inatiop of the soil temperatures by profile layer 
indicated that temperature is an important fac
tor in pupal survival. Mean temperatures for the 
hottest period (March, April, and May) were 
52.00C at 5 cm, 40.60C at 10 cm, and 34.80C at 
20 cm. 

Genetic resistance. A collaborative trial invol-
ving ICRISAT, INRAN, and the Institut du 
Sahel's Integrated Pest Management Project 
(IPM) was conducted at ISC, Magaria, and 
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Figure 12. Effect of deep plowing at the end of the 
crop season on the subsequent survival of diapausing 
Raghuva albipunctellapupae at different soil depths, 
ISC, dry season 1984/85. 

Maradi to evaluate pearl millet entries under 
natural infestations of A. ignefusalis and R. albi
punctella.Test material consisted of five entries 
generated by the ICRISAT West Africa pro
gram and seven entries from INRAN. We used 
the recommended improved cultivar CIVT, and 
Sador Local as controls. 

Infestations of A. ignefusalisspwere very low 
and uneven at ISC. R. albipunctellainfestation 
was low to moderate, and data were obtained on 
the relative damage by this pest from 14 entries. 
On a 1-5 scale, where a score of I = 0 to low 
infestation and 5 = severe infestation, only one 
entry, 3/4 HK, had a rating as high as 3, and 6 
entries were rated I (Table 8). 

Microbial Associations 

Biological Nitrogen Fixation 

Ecological Studies 

We studied the changes in populations of nitro
gen-fixing bacteria associated with the field
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Table 8. Results of evaluation of Raghuva albipunctella infestation in pearl millet entries in an ICRI-
SAT/INRAN/INSAH-IPM collaborative trial, ISC, rainy season 1985. 

Entries 
Damage severity 

score' 
Infested 
hills(%) 

P3 Kolo 1 66 
ITMV 8304 i 80 
Ankoutcs , 1 78 
ITMV 8004 1 80 
ITM V 8001 1 79 
HKP 2 75 

IBMV 8004 2 80 
HKB-Tif 2 78 
ITMV 8303 2 72 
HKP, 2 83 
H 80-10 GR 2 59 
3/4 HK 3 83 

Controls 
Sadore Local 1 25 
CIVT 2 65 
SE ±0.6 ±14.6 
CV(%) 31 20 

I. Based on a 1-5 scale where I = zero to low severity and 5 

grown cultivar WC-C75 during its growth cycle. 
Plants were grown in an Alfisol during the 1985 
raiay season with 20 kg ha-' N and P20 5 as a 
basal fertilizer. We collected rhizosphere soil 
and root samoles at four stages of plant growth. 
We made counts of heterotrophic bacteria and 
estimates of the most probable number (MPN)
of nitrogen-fixing bacteria by using a nitrogen-
free combined carbon source (CCS) medium 
and a nitrogen-free malate medium (Tables 9 
and 10). The counts of heterotrophs and MPN of 
nitrogen-fixing bacteria increased significantly 
up to the flowering stage (58 DAS), and were 
significantly higher at 30 DAS than at harvest 
(92 DAS). The MPN of ititrogen-fixing bacteria 
was higher in the CCS medium across sampling 
times and different samples than in inalate 
medium. The MPN of nitrogen-fixing bacteria 
averaged over sampling times and media was 
highest in the root wash I sample, followed by 
root wash 2, rhizosphere soil, and root macerate. 

Infested 
panicles(%) 

Time to 50% panicle 
exsertion (d) 

Grain yield 
(kg ha-') 

36 56 1400 
37 58 1360 
50 65 813 
52 60 1300 
53 60 1320 
32 53 1130 

34 55 1290 
39 55 1170 
39 56 1540 
40 53 930 
41 54 1140 
51 55 1100 

30 69 1280 
37 57 1360 

±13.1 ±3.7 ±320 
32 6 23 

high severity. 

The changes in populations of nitrogen-fixing 
bacteria were in agreement with changes in 
nitrogenase (C2H2 reduction) activity of the 
plantsduringtherainyseason(ICRISATAnnual 
Report 1981, p.64-65). 

Serological Relationships Amongst 
Nitrogen-fixing Bacteria 

We studied the serological relationships amongst 
strains, spccies, and genera of nitrogen-fixing 
bacteria using the enzyme-linked immunosor
bant assay (ELISA) technique. We raised anti
sera against strains of Azospirillum lipoferum 
(ICM 1001 and 4 ABL), A. brasilense(SL33, 
SM6M, and SP7a), Azotobacter chroococcum 
(1CM 2001), and Enterobactercloacae (ATC 
13047) in rabbits. We found that the three spe
cies of Azospirillum (A. lipoferum, A. brasi
lense, and A. amazonense) were serologically 
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distinct from each other. Their antisera also did would be useful to study the persistence of var
not cross-react with other species or strains, i.e., ious nitrogen-fixing bacteria in field or green
7 strains of Azotobacter,7 of Derxia,6 of Ente- house inoculation trials. 
robacter,I of Erwinia,9 of Pseudomonas,2 of 
Klebsiella, and 10 of Rhizobium. 

The different strains of A. lipoferunj formed a Responses to Inoculation with Nitrogen-fixing 
serologically homologous group, i.e., all 13 Bacteria 
A. lipoferum strains tested cross-reacted with 
strain ICM 1001 antiserum. We tested 18 strains During the 1985 rainy season we conducted five 
of A. brasilenseagainst the antisera of A. brasi- field trials at ICRISAT Center and four trials at 
lense strains SP7a, SL33, and SM6M, but did other locations using different cultivars of pearl 
not observe cross reactions amongst the differ- millet, different N fertilizer levels, and farmyard 
ent strains. Antiserum of A. chroococcuin(ICM manure (FYM), to study the responses to inocu
2001) did not cross react with antigens of other lation with nitrogen-fixing bacteria. Data from 
species of Azotobacter, or with other genera of seven trials have been analyzed and in three 
nitrogen-fixing bacteria. Different strains of trials, two at ICRISAT Center and one at 
E.cloacae were serologically homologous with Aurangabad, we observed statistically signifi
the antiserum of E. cloacae (ATCC 13047). cant increases in grain yield and total plant dry-
These results indicate that the ELISA technique matter with inoculation. In one of the trials at 

Table 9. Populations of heterotrophic bacteria associated with pearl millet variety WC-C75 at different growth 

stages, ICRISAT Center, rainy season 1985. 

Bacteria (log no. saniple-1) 2 

Rhizosphere Root Root Root 
Crop age (d) Culture medium' soil wash I wash 2 macerate Mean 

30 M 6.8 7.08 7.03 5.95 6.69 
CCS 6.89 6.96 6.95 5.81 

58 M 7.28 7.47 7.38 6.29 7.01 
CCS 6.94 7.35 7.! 6 6.19 

73 M 6.94 7.91 7.63 6.06 6.98 
CCS 6.68 7.71 7.12 5.82 

92 M 6.70 7.75 7.31 6.29 7.02 
CCS 6.54 7.59 7.80 6.19 

SE ±0.048 ±0.01 

Mean 6.86 7.48 7.30 6.U7 

SE ±0.019 

I. 	 M =malate semisolid medium, CCS combined carbon source medium. 
2. 	Rhizosphere soil =Thc soil adhering to the roots after removing the bulk soil by gentle shaking was collected by shaking with 

wrist action. 
Root wash I A root sample of 20 g washed once in 180 ml. sterilized water.
 
Rc't wash 2 Once-washed roots transferred to a flask containing !80 ml- sterilized water and washed for 15 min by
 
thoroughly shaking with glass beads.
 
Root macerate =Twice-washed roots sterilized for 30 min with 1%chloromine T,washed 10 times with sterilized water, and 
then macerated. 
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Table 10. MPN of nitrogen-fixers associated with pearl millet variety WC-C75 at 
ICRISAT Center, rainy season 1985. 

Crop age (d) Culture medium' 

30 M 
CCS 

58 M 
CCS 

73 M 

CCS 

92 M 
CCS 

SE 

Mean 

SE 

then macerated. 

ICRISAT Center, we compared effects of differ-
ent levels of N and inoculation with nitrogen
fixing bacteria on WC-C75 (ICMV I). Mean 
grain yield across the N levels was significantly
(P <0.05) increased by inoculation, as well as 
across the inoculation treatments by application 
of nitrogen (Table II). Inoculation resulted in 
increases in grain yield of 2 1%with A. lipokrumn 
(ICM 1001) and 24%, with A. chroococcwn 
(ICM 20)1). 

In another trial at ICRISATI Center, the grain
yield of cultivar 13.1 104 was significantly (P 
<0.05) increased by addition of FYM at 5t ha-t, 
by 20 kg N ha-t, and by inoculation with nitro-
gen-fixing bacteria. increases inMian grain
yield measured across the N and FYM levels 
were 7% with A. lipoferum(ICMl001)and 11% 
with A. chroococcum (ICM 2001). 

different growth stages, 

Bacteria (log no. sample-') 2 

Rhizosphere 
soil 

Root 
wash I 

Root 
wash 2 

Root 
macerate Mean 

4.45 4.40 3.56 2.18 3.45 
4.40 3.63 3.39 1.60 
5.40 5.63 4.99 4.16 5.18 
5.80 5.74 5.36 4.40 
4.62 5.17 4.63 2.86 4.67 
5.36 5.50 5.26 3.99 
3.63 4.49 3.63 2.36 3.69 
3.79 4.49 4.36 2.76 

±0.291 ±0.043 
4.68 4.88 4.40 3.04 

±0.106 
I.M = malate semnisolid medium, CCS combined carbon source meditinu.2. Rhizosphere soil =The soil adhering to tie :oots after removing the hulk soil bv gentle sha kiig was collected b shaking with 
wrist action. 
Root wash I = A root sample of 20 g wa shed once in 180 ril. sterilizcd water.Root wash 2 = Once-washed roots traisl.rred to it flask containing 180 il. sterilized water ard washed for 15 main by
thoroughly shaking with glass beads. 
Root macerate = "wice-as tied roots sterilized for 30 inii with Ili chloromine T, washed I0 tities with sterilized water. and 

Mycorrhizae 

Response of Genotypes to VAM Inoculation 

We showed earlier (ICRISAT Annual Reports
1983, p. 89, and 1984, p. 103) that the extent of 
root colonization by vesiculararbuscula,-mycor
rhizae (VAM) is partly dependent on the host 
genotype. In 1985, wescreened a further24geno
types for response to VAM (Acaulospora mor
roweac) inoculation. At ICRISAT Center, ICH 
220 responded to inoculation with a significant 
increase in biomass of"40%, and 11 5921 with an 
increase of 34%, compared to their noninocu
lated controls. At Bhavanisagar, IP 4937 showed 
a significant increase in biomass of47%, IP4362 
of 47%, and 11)3120 of 20%, due to VAM 
inoculation. 
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Grain yield (kg ha-') of pearl millet variety VAM colonization ranged from 17 to 49%, but
Table 11. 
WC-C75 grown with different levels of nitrogen and the relationship of colonization and phosphorus 

inoculated with nitrogen-fixing bacteria, ICRISAT uptake was not consistent (Table 12). IEMV 
8502 and ITMV 8302, with high VAM coloniza-Center, rainy season 1985.' 
tion, had a high total phosphorus uptake. How-

Nitrogen applied (kg ha'1) 

Culture 	 0 20 40 Mean 

A. 	lipoferum 
(CM 1001) 1810 1990 2350 2050
 

A. 	chroococcum a 
(ICM 2001) 1820 2110 2330 2090
 

Noninoculated control 1500 1580 2010 1690 

SE 	 ±120 ±70 

Mean 1710 1890 2230
 

SE 	 ±70 

Cv(%) 	 15 

1. 	 Mean of 6 replications each with a net hars'ested area of 
9 n2. A basal fertili/er dose of 9 kg 1 hia- I was applied. 
Each plot was inoculated at sowing, and at 20 I)AS with 
2.5 l. of liquid inoculun prepared by suspending a 70 g 

peat culture (viable bacterial count of 10, cells g Iof peat)
 
in 70 1. of water.
 

Symbiosis of Pearl Millet and VAM in Niger 

During previous investigations at ICRISAT 
Center we also showed that VAM inoculation 

increases phosphorus uptake by pearl millet 
(ICRISAT Annual Report 1983, p.90). Since 
phosphorus is known to be the most limiting 
macronutrient in pearl millet growing areas in 
SAT West Africa, we initiated research on VAM 
at ISC in 1985. A survey of farmers'fields within 
a 200-kin radius of Nianey, Niger, showed that 
VAM symbiosis on pearl millet I.,ubiquitous. 
Root colonization ranged from 17 to 71% (field 
means). This variation was related to differences kA 

in the VAM-propagule density in the soil. We 
found that Gigaspora sp (Fig. 13) was the most 
predominant VAM fungus, followed by Sclero
cystis rubiformis, in contrast to India where Figure 13. Extramatricalchlamydospore(propagule) 
Glomus spp are the most common. (a), and echinulate vesicles (b), of the predominant 

We measured VAM colonization and phos- VAM fungus Gigasporasp found in soils of farmers' 

phorus uptake on 14 genotypes sown at ISC. fields, Niger, 1985. (x400) 
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Table 12. Genotypic differen -es In VAM colonization and P uptake of pearl millet grown in a sandy soil, ISC,
rainy season 1985.1 

VAM Shoot dry massGenotype colonization (%) (g plant-') 
IEMV 8502 49 92
ITMV 8302 40 112
IEMV 8501 34 103

ITMV 8303 31 419

IKMC I 30 135 
Sador6 Local 29 76
ITMV 8001 28 75 
IEMV 8503 
 26 
 67

ITMV 8304 24 170
INMV 82141 22 84 
CIVT 
 22 117
INMV 82076 21 83
INMV 82063 17 55
IKMV 8201 17 216 


SE 
 ±3.9 ±34.8 

CV (%) 
 19 38 

1. Plants from IMZAT I were sampled at90 DAS.
2. VAM coloni/ation was assessed by the grid-line intercepted method.
3. Phosphorus was measured by the molybdenum-blue method. 

P uptake-' 
Total 

% dry mass (mg plant-') 

0.22 200 
0.22 254 
0.21 
 221
 
0.19 792 
0.20 275 

0.16 125 
0.18 133 
0.13 
 109
 
0.13 109 
0.15 128 

0.21 201 
0.18 151 
0.22 124 
0.18 414 

±0.024 ±57.4 

17 43 

ever, ITMV 8303 and IKMV 8201 also had very 
high shoot dry andmass total phosphorus
uptake although they had medium to low VAM 
colonization. 

We studied the effects of VAM inoculation on 
phosphorus uptake in a pot trial using ISC soil 
with 20 kg P ha-' added. VAM inoculation 
increased dry matter and phosphorus uptake
significantly (P <0.01) compared to the non-
inoculated control. Phosphorus uptake (118 mg
P plant-') due to Glomus monosporum inocula-
tion was nearly six times that of the noninocu-
lated control (18 mg P plant-') and highest in 
comparison to the four other VAM fungi tested: 
Gigasporamargarita(106 mg P plant-'), Acau-
lospora moroweae (95 mg P plant-'), Acanlos-
pcra sp (93 mg P plant-'), and Glomus constric-
turn (62 mg P plant-'). These results clearly show 
that pearl millet benefits from VAM inoculation. 

Grain and Food Quality 
Protein Quality 

The nutritional quality of a cereal grain protein
depends on the relative distribution of different 
protein fractions and their amino-acid composi
tion. We determined the distribution of nitrogen
in different protein fractions of two elite culti
vars (ICMS 7703 and WC-C75) and three high
protein breeding lines (700112, WC 190, B 816).
The albumin content was comparatively lower 
(18%) and the prolamine conent was higher
(40%) in high-protein lines than in elite cultivars. 
However, only marginal differences were observed 
in the distribution of the globulin and glutelin
fractions among the elite and high-protein lines. 
High-protein lines contained adequate amounts 
of the most essential amino acids compared to 
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the elite lines (Tale 13). Lysine content (ex- Using mechanical dehullers, SAD 448 gave the 
pressed as a percentige of protein content) was highest and Fakiyabad the lowest recovery. The 
lower in the high-protein than in the elite lines, low recovery in the case of Fakiyabad may be 

due to its soft endosperm coupled with other 
grain characteristics like pericarp thickness,

Dehulling and Food Quality starch-protein interaction, etc. 
We determined ttie chemical composition of 

In several countries of Africa, pearl millet food whole grains and the dehulled grains obtained by 
pro,ducts are usually prepared from dehulled the above methods. The loss in nutrients was 
graiis. Dehulling removes the seed coat and calculated on a mg grain-' basis and as percent 
improves the color of the product. This is an reduction on a whole grain basis. The dehulling
important process in food preparation. We eval- process removed a considerable amount of crude 
uated the dehulling quality and t6 quality of nine fiber-39% by the traditional method, 54% by
cultivars that came from different geographic the barley pearler, and 56% by the TADD mill. 
regions. In addition, dehulling resulted in the loss of 

important nutrients-sugars, fat, and ash (min
erals) from the grain. 

Dehulling Quality 

Nine pearl millet cultivars were dehulled by the T6 Quality 
traditional method of hand-pounding (using a 
stone mortar and wooden pestle), using a barley TO is a common food in Burkina Faso, Mali, and 
pearler, and a tangential abrasive dehulling Niger. It is referred to by a variety of names like 
device (TADD) mill. The individual grain mass tou, tuo, tuwo, and asidah. T6 is prepared by
of the cultivars varied from 7.7 to 13.6 mg (Table boiling flour obtained from dehulled grain with 
14). Grain hardness (measured by Kiya hardness water (neutral t6), with lemon juice (acid t6), or 
tester) did not vary among the cultivars (3.0-3.8 wood ash (alkaline tM). We evaluated the appear
kg), except for Fakiyabad, which had a signifi- ance and consistency of neutral t6 made from 
cantly lower valte (2.6 kg). The recovery of the nine millet cultivars from different geographic
dehulled product by the traditional method was areas (Table 14). The tMquality was evaluated by
highest for Mossi Local and lowest for Souna. a trained panel of three members and the ratings 

Table 13. Essential amino-acid composition and protein content of five pearl millet genotypes, ICRISAT Center, 
1985. 

-Amino-acid composition [g (100 g protein) '] 
Amino acids ICMS 7703 WC-C75 B 816 WC 190 700112 SE 

Lysine 3.4 3.3 2.8 2.7 2.9 ±0.13 
Threonine 4.0 4.0 3.9 3.8 4.0 ±0.04 
Valine 5.7 5.6 5.8 5.7 5.9 ±0.05 
Methionine + cystine 2.4 3.2 3.4 2.4 2.9 ±0.23 
lsoleucine 4.8 4.6 4.9 4.8 4.9 ±0.52 
Leucine 10.5 10.4 10.7 11.1 10.8 ±0.11 
Phenylalanine + tyrosine 8.9 8.7 8.9 8.7 8.7 ±0.52 
Protein' 9.9 11.3 14.4 16.7 19.8 ±1.79 
I. Protein content expressed as g N 6.25 (100 g flour)-'. 
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Table 14. Grain characteristics, recovery by different methods of dehulling, and t6 qualities of pearl millet 
cultivars, ICRISAT Center, 1985. 

Recovery (%) following dehulling by 

1000- Grain Hand pounding Barley pearler rADD2 
Trseed hardness' Dehulled Dehulled Dehulled qualityCultivar mass(g) (kg) grain Brokens Total grain Brokens Total grain Blrokens Total score' 

Mossi Local 9.9 3.6 77.2 10. 87.5 86.0 1.6 87.6 87.2 1.2 88.4 3.3WC-C75 7.8 3.4 75.3 11.9 87.2 86.8 0.7 87.5 86.2 1.4 87.6 3.0
CIVT 9.6 3.4 72.0 12.0 84.0 86.6 0.7 87.3 85.5 86.10.6 2.3SAD 448 8.5 3.0 71.7 14.3 86.0 89.5 0.6 90.1 88.3 0.6 88.9 2.3
DSA 74 13.6 3.8 70.3 12.7 83.0 83.2 
 1.5 84.7 85.8 2.5 88.3 2.7 
Nigerian 
Composite 8.6 3.3 69.5 13.2 82.7 86.9 0.5 87.4 86.6 0.4 87.0 3.7Fakiyabad 11.3 2.6 68.8 15.6 84.4 76.5 7.1 83.6 77.1- 2.1 79.2 2.7Fogo 11.0 3.6 66.7 14.7 81.4 84.8 1.9 86.7 85.2 1.6 86.8 3.3Souna 7.7 3.8 56.9 19.2 76.1 89.1 0.7 89.8 86.6 1.2 87.8 3.0 
SE ±1.06 ±0.13 ±1.94 ±1.16±0.87 ±1.30 ±0.70 ±0.70 ±1.08 ±0.23 ±0.98 ±0.16 

I. Grain hardness was measured as kg force required to break grain using a Kiya hardness tester. 
2. TAI)D: Tangential Abrasive l)ehulling l)evice. 
3. 716 prepared using the dehulled grains obtained from [Al)I).
4. Scored by a panel of 3 members using a 1-5 scale rhere 

were averaged. The cultivars SAD 448, CIVT, 
Fakiyabad, and DSA 74 received the highest
ratings among the nine cultivars. 

Plant Improvement 
Genetic Diversification 

The evaluation and use of large-seeded acces-
sions from Togo and Ghana have recently 
received greater emphasis in the genetic diversi-
fication of breeding lines. Variety ICTP 8203,
produced by intermating five S. progeny derived 
from Togo germplasm, continued to perform 
well; in 1984 it ranked second and yielded 1750 
kg ha-1 [about 5% more than the control, WC-
C75 (ICMV 1)] in the AICMIP Initial Popula-
tion Trial. Studies have shown that among the 
leading varieties in advanced trials, it has resis-
tance to terminal drought stress. Hybridization 
between breeding lines and S2 progenies selected 
from accessions from Ghana and Togo has pro-
duced a wide range of F5 progenies (about 1000 

I good and 5 = poor. 

in a nursery of nearly 1300). These progenies
have high panicle volumes, large seeds, and vary
in height and maturity. More than 700 of them 
were selected, in the rainy season of 1985, and 
advanced to the F 6 generation for multiloca
tional evaluation. 

Evaluation of 41 S3 progenies, derived from 
accessions from Ghana, identified some large
seeded progenies with a 1000-seed mass of II g
yielding up to 86% of WC-C75. Ten progenies
had very large white seeds with a 1000-seed mass 
of 14 g, and at present they provide the best 
source of both characteristics. 

Several progenies derived from this project
have proved useful in producing high-yielding 
hybrids. Five ofthese hybrids are now in advanced 
yield tests; four are in AICMIP trials, and one 
will be entered in AICMIP trials in 1986. 

Previous studies comparing tall composites
with their dwarf versions produced by a back
cross breeding program showed that, in genera!, 
dwarf composites had a yield potential equal to 
their tall counterparts, (see Yield Physiology 
Studies). Those comparisons, however, were not 
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based on isogenic tall vs dwarf pairs as the dwarf entries for use in breeding varieties and pollina
composites had been derived using only three tors, and for conversion into male-sterile lines. 
backcrosses. Twelve pairs of isogenic d2 dwarf vs From a set of crosses, made using improved 
tall inbred lines from diverse genetic backgrounds varieties and landraces from within the region as 
(four from the Early Composite, seven from the parents, 193 Fis were selected as parents of a 
Medium Composite, and one from the Nigerian composite, and more than 70 for further evalua-
Composite) were produced by nine generations tion. Twenty-seven F2 populations from crosses 
of selfing heterozygous (D2/d 2) plants. The between lines from Niger and Senegal provided 
comparison of isogenic tall and dwarf lines at 350 individual plant selections for further in
two locations showed that. nn average, dwarf breeding, and 6 F, bulks for use as parents of 
lines did not differ significantly from the tall varieties and composites. From 1200 F,, F4, and 
ones in any characteristic, including yield, at F5 progenies we identified groups of lines for 
either location (Table 15). recombination to produce 16 varieties. From the 

At ISC, the use of genetic resources accessions backcross F4 and F5 nursery and the double 
to generate improved plant material with desira- cross F, populations, w- made 160 plant selec
ble attributes is a major activity. Work carried tions with large panicle girth; these will be ran
out during the year included evaluation of acces- dor mated to produce a source population for 
sions and elite breeding material received from this trait. 
other programs, making crosses, and evaluating 
segregating populations and progenies. To di
versify the genetic base of the breeding program, Breeding Varieties 
we evaluated 234 accessions originating from 
southern and West Africa, and retained 45 for Pedigree Breeding 
reevaluation and use as parents. 

We received elite breeding lines and compo- The term synthetic varieties is used in its broad
sites from the millet improvement programs of est sense at ICRISAT. Our synthetics are the 
Mali and Senegal. Among the three Malian products of pedigree (or line) breeding, but the 
composites evaluated, the Early Composite and parental lines may not have been tested for com
the Souna-Sanio Composite appear promising. billing ability, and the synthetics, once formed, 
From the 400-entry inbred nursery from Sene- are not reconstituted from their parental lines 
gal, we retained 97 agronomically desirable since these are often only partially inbred. 

Table 15. Comparison of inbred lines of pearl millet isogenic for the d2 locus, rainy season 1985. 

Grain Plant Pianicle Effective Time to 50% 

Location 
Height 
group 

yield 
(kg ha lr) 

height 
(cm) 

length 
(cm) 

1000 seed-
mass (g) 

tillers 
plant-' 

flowering 
(d) 

ICRISAT Center Tall 1620 157 17.8 6.7 1.3 56 
Dwarf 1120 84 19.3 6.4 1.4 55 

S E ±193 :5.6 ±0.9 :±0.04 ±0.2 1.0 

CV(%) 14 5 5 7 18 2 

Bhavanisagar Tall 1920 168 21.4 7.4 2.1 55 
Dwarf 1970 99 22.0 7.4 2.5 55 

S E ±443 ±:0.8 ±1.3 ±0.07 ±0.4 ±2.7 

CV(%) 22 8 6 9 17 5 
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Inbred lines, or partially inbred lines, are first 
derived by pedigree breeding from crosses between 
parents of diverse origin, that are often selec-
tions from other projects, e.g., inbreds or lines 
from the genetic diversification project, progen-
ies from the population improvement project, 
and newly identified, disease-resistant lines. The 
inbreds derived from these crosses are then 
tested for phenotypic performance, and in some 
cases, are also tested for combining ability. In 
the past, this has been done by using diallel trials, 
but in order to test a larger number of inbreds, 
topcross testing is now being increasingly used. 
Sets of inbreds or partial inbreds selected on the 
basis of these tests arc then used as parents of 
synthetics. 

In 1985 at ICRISAT Center, we evaluated 
more than 7000 lines at various stages between 
Fl and F7 , and 923 inbreds (i.e., lines beyond the 
F7 stage of selfing). In addition, a 100-entry 

inbred nursery and a 325-entry preinbred nursery 
were evaluated at ICRISAT Center, Bhavani
sagar, and Hisar. We also evaluated 186selected 
inbreds for combining ability: 158 in topcrosses, 
and 28 in three diallel crosses. In the topcross 
trial the inbreds were crossed with five testers, 
WC-C75, ICMS 7703, ICMS 7704, Ex-Bornu, 
and ICTP 8203. 

Among the synthetics ICMS 8010 and ICMS 
8021 continue to do well in AICMIP trials 
(Table 16), and ICMS 7704 reached the 6th and 
final year of AICMIP testing in 1985. ICMS 
7704 over the previous 5 years of testing has 
given 104% of the grain yield of the control 
variety WC-C75 and 114% of its fodder yield. 
ICMS 7704 can thus be regarded as a dual pur
pose (grain and fodder) variety. Hybrid ICMP' 
8340 1, whose pollinator was bred in the synthet
ics project, was the top-ranked entry over II 
locations in the 10th International Pearl Millet 

(AICN1IP) trials, 1984. 
ICRISAI entics p l()rmiailncc 

Name 

Irial 

ILocatio|s Intries Ilmtrv 

(htain 
Yca' s Icld 

in test (kg ha 1) Rank 

2190 3 
21411 4 
2111 5 
17411 14 

2021 5 
1620 19 
17611 14 

1900 I 
1750 2 
1720 3 
1680 4 

17111 3 
16011 10 
1690 4 
1680 5 
1680 6 

!740 I 
1660 7 
15811 I 

Table 16. Performance of I('RISAT pearl millet entries in All India ('oordinated Millet Inprovement Project 

Initial 21 28 I NICif 501 
Pearl Millet UNICIf 451 I 
IIybrid Trial I ICM II 502 I 

W (' 75 -

Advanced 35 20 IC1 423 2 
Pearl Millet ICIi 415 2 
lybrid Trial I1 VC-C75 -

Initial 17 16 ICNI'V 81111 I 
Pearl Millet ITl' 8203 I 
Population Trial III IUNMS 8011 I 

WC-C75 -

Advanced 29 18 ICNMS 7704 5 
Pearl Millet IVS 5454 5 
Population Irial V ICM S 7835 4 

NFIC-179 4 
IVS-P78 3 

ICMNS 8021 2 
N E C-II79 2 
WC-C75 -

1984 lo,)-yicldig entry 1984 

J ro l ,7W '- ('7 5 '.. .. ... Gra in y ie ld 
( r|ainl Fodder I' of 

field yield Fntry kg ha \\C-C75 

126 119 N111I 142 2380 136 
123 112 
121 112 

- -

120 100 NIBII 131 2130 121 
105 83 
- -

114 121 ICM\' 81111 1900 114 
104 94 
103 88 
- -

104 114 ICMS 8021 1740 1It0 
112 1114 
104 104 
102 109 
105 115 

107 106 
107 121 

- -

I. Calculated over comparable years,i.e., over the umber of years theentry has been under test. 



Pearl Millet 109 

Table 17. Performance of selected entries in the In- multilocational progeny testing is being used to 
the Dwarfternational Pearl Millet Adaptation Trial (IPMAT improve all our composites except 

10), across 11 Indian locations, rainy season 1985. Composite (D2C). This Composite is improved 

by a modified half-sib selection method (1 year
Grain Time to

i flower- DM per cycle) using phenotypic performance of indi
yield 50% floed) ( vidual plants as the selection criteria. 

The S, selection scheme involves deriving 

ICMH 83401 3010 1 51 0.7 progenies by selfing, testing these in a number of 
ICMH 837129 2910 2 53 - environments and nurseries, and selection of 
ICMH 837120 2840 3 51 - superior ones for recombination to produce the 

ICMV 83117 2690 7 52 2.7 next cycle of the composite (Fig. 15). The 
ICMV 83104 2520 9 52 - selected progenies are also used to form varie-
ICMS 8102 2510 11 48 - ties, and to derive pollinators of hybrids by self-

Controls ing the progenies. 
MlBH 110 2780 5 46 0.9 At the beginning of each cycle of selection at 
Local 2520 10 50 0.0 least 800 S, progenies are derived by selfing 
WC-C75 2450 14 52 1.4 plants in the composite bulk. A two-stage selec-
ICMS 7704 2390 17 56 0.9 tion procedure is then used to test the S, progen-

SE ±76 ±0.3 - ies, beginning with an initial trial of about 1000 
progenies in a replicated dry-season nursery. InTrial mean 

(21 entries) 2570 52 	 the following rainy season, the best 400-500 
entries from the dry-season nursery are evalu

1. Data on DM incidence from ICRISAT Center Downy ated for yield at three locations in India, and for 
Mildew Nursery, rainy season 1985. 	 downy mildew, smut, and rust resistance in the 

appropriate disease nurseries. From these rainy 
season trials 50-70 high-yielding, disease-resistant 
progenies, are selected and recombined to pro-

Adaptation Trial (IPMAT 10) in 198! (Table duce the next cycle of the composite. Bulked 
17). seeds from selfed plants resistant to downy 61au-

At ISC, in the 1985 off-season, progenies iden- dew and smut (obtained from the disease nurser
tified over the last 3 years of evaluation were ies) are used for this intermating of the selected 
recombined to form 22 varieties. These were progenies. From the selected progenies groups 
yield tested in two initial trials (PM IVT I and 2) of five to nine progenies are further selected on 
at Bengou, ISC, and Maradi in Niger. and at the basis of within-location or across-location 
Cinzana in Mali. The highest yields of the test performance, and are intermated to produce 
entries at each location ranged from 107 to 112% varieties. 
of the control variety CIVT. From these two All the selected progenies used to produce the 
trials nine entries were retained for a second next cycle of the composite are inbred for 4-5 
evaluation in 1986 (Table 18). generations to produce lines that are tested as 

pollinators of hybrids (see section on Breeding 
Pollinators). 

Population Improvement In any cycle, the composite bulk can be mass 
selected to produce high-yielding, uniform varie-

Breeding methodology. At ICRISAT Center ties. The top-yielding entry, ICMV-F84400 in 
recurrent selection is used to improve compo- the Pearl Millet Advanced Variety Trial, (PM
sites, and produce a range of genetic products AVT) 1985 (Table 19) was mass selected from 
(Fig 14). An S, selection method, that takes four spaced plants of the New Elite Composite (NELC) 
crop seasons (2 years) per cycle, and involves grown in a physiology experiment. 
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Breeding stream Test products 
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Pr -geny testing Mass selection 
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Recombine 50-70 Recombine 5-8 Self for 3-4 
generations 
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Hybrids 

Repeat Yield testing 

Released 

varieties
Figure 14. Generalized scheme for pearl millet population Improvement. 
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I
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I
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About 1000 
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Dry Recombine 
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Figure 15. S, selection scheme for pearl millet population improvement. 
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Table 18. Grain yield (kg ha-') and rank of entries retained for further evaluItion from Pearl Millet Initial Variety
Trials (PMIVT) I and 2, Niger, rainy season J985. 

Cinzana Bengou ISC Maradi 
Entry Yield Rank Yield Rank Yield Rank Yield Rank 
PMIVT I 
ICMV 8506 SC 
CMV 8526 SC 
ICMV 8529 SC 
ICMV 8532 SC 
ICMV 8533 SC 
ICMV 8534 SC 

2340 
1940 
1580 
2320 
2230 
2180 

2 
9 
14 
3 
6 
8 

1830 
1970 
1500 
2030 
2340 
1930 

10 
6 
16 
4 
I 
7 

2000 
2190 
1900 
1920 
1Q.,0 
1670 

2 
I 
5 
4 
6 
10 

1470 
1290 
1580 
1380 
1650 
2110 

6 
13 
4 
10 
3 
1 

Controls 
CIVT 
Local 

2290 
1390 

4 
17 

2090 
2010 

2 
5 

1951' 
1820 

3 
7 

1980 
1520 

2 
5 

S E ±203 ±130 ±163 ±295 
Trial mean 1910 1810 1610 1420 
CV(%) 21 14 20 29 

PMIVT 2 
ICMV 8509 SC 
ICMV 8522 SC 

2180 
2180 

2 
3 

1810 
1730 

6 
8 

1780 
1880 

7 
5 

ICMV 8523 SC 
ICMV 8524 SC 
CMV 8527 SC 

2020 
2230 
2160 

7 
I 
4 

2000 
1510 
1480 

I 
13 
14 

1800 
2060 
1890 

6 
I 
4 

ICMV 8530 SC 2030 6 1860 3 1540 13 

Controls 
CIVT 
Local 

2050 
1920 

15 
16 

1810 
1880 

5 
2 

1780 
1990 

8 
2 

SE ±190 ±138 ±167 
Trial mean 1930 1680 1740 
CV(%) 20 16 19 

The major advantage of a population-im- cycles of selection we will perhaps be able to 
provement breeding method is that the popula- make all of our composites resistant to smut. We
tion can be improved simultaneously for several plan to introduce selection for additional traits
characteristics. All our composites are subjected in the future, including seedling emergence and 
to selection for yield, maturity, height, and early vigor. 
resistance to downy mildew. Recently, we have 
introduced selectiu.i for resistance to smut in Composites and varieties. Intrapopulation re
composites other than the Smut Resistant Com- current selection is continuing in five pearl millet
posite (SRC). Results on screening S, progenies composite populations: Inter Varietal (IVC),
from NELC and the Medium Composite (MC) MC, NELC, SRC, and D2C composites. By the
for smut resistance are encouraging. There is a end of the 1985 rainy season, two to seven cycles
great deal of variability for smut resistance in of selection had been completed in these five 
these composites (Fig. 16), and in only a few composites. 



Pearl Millet 113 

Table 19. Mean performance of selected pearl millet varieties in Pearl Millet Advanced Variety Trial (PMAVT I) 
across three Indian locations, rainy season 1985. 

Gain yield Plant 

Entry 
Parental 

composite kg ha-' Rank 
% of 

WC-C75 
Time to 50% 
flowering (d) 

height 
(cm) 

ICMV-F84400 
ICMV-F84108 
All varieties (6) 
NELC-C4' 

NELC 
NELC 
NELC 

3320 
3170 
2950 
2730 

I 
2 

-

27 

124 
119 
110 
102 

51 
51 
51 
50 

233 
235 
232 
234 

ICMV-E84425 
ICMV-E84423 
All varieties (5) 
MC-C71 

MC 
MC 
MC 

3140 
3080 
2920 
2930 

3 
4 
-

10 

118 
115 
109 
110 

49 
48 
48 
47 

225 
221 
220 
224 

ICMV-H84409 
All varieties (4) 
SRC-C21 

SRC 
SRC 

2930 
2820 
2630 

9 
-

40 

110 
105 
98 

50 
50 
48 

241 
237 
230 

Control 
WC-C75 2670 35 50 228 

SE ±192 ±0.7 ±4.7 

rrial mean (49 entries) 2770 50 228 

I.Composite bulk from which the varieties are derived.
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Figure 16. Smut disease Incidence (%)in progenies of three advanced pearl millet composites, in comparison to 
sUceptible control BJ 104. 
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The New Early Composite (NEC), which was 
not particularly high yielding, was replaced by
the Early Composite II(EC II). This was formed 
by intermating in isolation for three generations,
230 genotypes selected across the entire breeding
*w!pgram that were high-yielding, early-maturing, 
:1t -itto downy mildew and, in many cases, to 

smuit Similarly, an Ergot Resistant Composite
(ERC) has been formed by intermating 52 ergot-
resistant lines. The first cycle oft S selection has 
started in both of these composites. 

About 30 varieties are constituted annually
from composites. A gradual improvement in 
grain yield and in resistance to diseases has been 
observed in the varieties formed from successive 
cycles ofcomposites. In the PMAVT, 19 synthet-
ics and 26 varieties from different composites 
were tested together with four controls. Two 
varieties from NELC and four from MC were 
the highest-ranking entries of the trial, with 110-
124% of the grain yield of WC-C75 (Table 19).
The highest-yielding synthetic ranked eighth in 
the trial, and gave 110% of WC-C75's yield,

At ISC, we evaluated over 950 SI or S2 progen-
ies derived from gene pools and varieties of the 
ICRISAT/INRAN cooperative program, and 
we selected from five varieties 41 progenies as 
parents to form new varieties, 

Ofthefourvarietiesconstituted on thebasisof 
parental testing in 1984 and evaluated in two 
initial variety trials in 1985, three (ICMV 8532 
SC, ICMV 8533 SC, and ICMV 8534 SC) were 
retained for reevaluation in 1986 (Table 18).
From 407 new crosses, 193 were selected to con-
stitute a broadbased and adapted composite.
These selected crosses involved 40 varieties or 
adapted landraces from the region. The adapted
composite, ISC Millet Composite 851, is under-
going its first generation of random mating, and 
recurrent selection in the composite will start in 
1987. 

Breeding Male-sterile Lines 

The use of male-sterile lines 81 A (ICMA 1)and 
834A (ICMA 4) has considerably increased in 
various hybrid-breeding programs in India. In 

the 1985 AICMIP hybrid trials, there were at 
least 10 hybrids on 81A, and 3 hybrids on 834A. 
Both of these male-sterile lines have very high
levels of field resistance to downy mildew, they 
are morphologically very different, and produce
hybrids with distinct phenotypic characteristics. 

Two additional male-sterile lines (833A and 
852A) are likely to find increasing use in hybrid
breeding programs as they also are very highly
resistant to downy mildew, and add to the phe
notypic diversity of the ICRISAT bred, male
sterile lines. Preliminary tests indicate that 852A 
is additionally highly resistant to rust. Of these 
four male-sterile lines, 852A is mosi sensitive to 
photoperiod, and hence is likely to be more use
ful in central and southern India or in locations 
with a shorter day length. Although ICRISAT 
Center has contributed eight male-sterile lines so 
far to AICMIP for evaluation and use, four of 
them are not likely to be extensively used in 
India because of their relatively low downy mil
dew resistance. Male-sterile line 843A, however,
is a d, dwarf (70-75 cm in height), early-maturing 
(42 days to 50% flowering), has a 1000-seed mass 
of 12 g, and produces very early hybrids with 
reduced height. It is therefore likely to be useful 
in areas with no endemicdowny mildew problem
and where early maturity isparticularly desirable. 

About 200 F5/F, progenies from BxB and 
BxR crosses have proven to be maintainers of 
male sterility consistently for two seasons. As 
expected, the recovery rates of maintainer pro
genies from BxB crosses was much higher than 
from Bx R crosses. We compared 85 Fs progenies 
derived from BxB crosses on 81A, and 68 pro
genies on 843A. The recovery of maintainers on 
81 A was 81%as compared to 19% on 843A. In 
another test, 46 F4 progenies derived from BxR 
crosses were tested on 81 A, and 34 progenies on 
843A. No F4 progeny produced sterile hybrid
offspring, so none were proven maintainers on 
either of the male steriles. This implies that there 
is, perhaps, multigenic inheritance of cytoplas
mic male sterility. Investigations are underway 
to examine if 3-way crossing (or backcrossing)
with the maintainer parent will improve the rec
overy rates of maintainer progenies fiom BxR 
crosses. 
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At ISC, 156 A/B pairs from the fourth to studies on the genetic diversity of wild and culti
eighth backcross generations, from seven genetic vated Pennisetumspecies with reference to iso
backgrounds, are being converted into male- zymes and male sterility are prese,-tly working at 
sterile lines. Among 270 pairs generated, we ISC. Their current research involves the transfer 
selected 96 and will assess them for uniformity of P. violaceum cytoplasm into P.americanum. 
and synchrony in flowe. ing in the dry season of Over 250 accessions from the world collection 
1986, and for downy mildew susceptibility at were used to study the geographical distribution 
Bengou in the next rainy season. By the end of of maintainer genes for P.violaceum cytoplasm. 
1986, we hope to have at least one male-sterile They also initiated studies on the genetics of 
line available for use in West Africa. In addition, sterility and restoration in the A, system. 
based on time to 50% flowering (52-65 d), height 
(100-170 cm), panicle length (30-45 cm), and 
good tillering, 30 lines were identified from var
ious breeding nurseries for conversion into male- Bre ding Pollinators (R lines) 
sterile lines. Initial testcrosses to identify main
tainers will be made on 8]A in the dry season of To produce pollinators 174 S2 progenies of the 
1986. NELC, MC, NEC, and D, (DC) Composites 

Two scientists from the Institut franqais de were advanced to the S6 generation using the 
recherche scientifique pour le d~veloppement en pedigree bulk method. Using rapid generation 
cooperation (ORSTOM) who are conducting advance (three generations a year) these inbred 

CPe 

~qi. 
A gn 

A geneticist from ORSTOM examining an experimental plot of Pennisetum species at ISC, 1985. 
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lines were produced in less than 2 years. We have 
also used an equal-seed descent method to
advance the generations of these composites,
and we ave comparing the progenies derived 
from both methods. The advanced cycle compo-
sites are among our highest-yielding popula-
tions, so weexpect that theirderived inbreds will 
be superior as pollinators. In the downy mildew 
nursery, in the 1985 rainy season, the S6 progen-
ies showed high levels of downy mildew resis-
tance, reflecting the characteristics of the paren-
tal populations. 

The S6 bulk progenies were crossed onto two 
male-sterile lines, 81 A and 852 A(Table 20). The 
NELC progenies produced superior hybrids on
both lines and 852A was superior to 81A in 
combination with these composite progenies.
We are now making single cross hybrids on S7 
lines derived from the selected bulk progenies.

The restorer collection has now been increased 
to 1302 lines that are being selected for improved 
resistance to downy mildew and improved uni-
formity. A large number of restorer lines have 
been distributed to our cooperators (see section 
on International Trials and Nurseries). The res-
torers in the collection show a wide range of 
phenotypic diversity as do our new male-sterile 
lines; we should therefore be able to identify 
appropriate restorers for these lines. 

Hybrid Testing 

The Pearl Millet Advanced Hybrid Trial 1(PM-
AHT 1), consisting of 49 entries, was grown at 
seven Indian locations. Two hybrids from this 
trial, ICMH 84122 and ICMH 84913, were 
selected for promotion to IPMAT or AICMIP 
trials in 1986 (Table 21). In these two hybrids,
the seed parent (8 1A in both cases) and the polli
nators are resistant to downy mildew. 

We also tested 44 dwarf hybrids in the Pearl 
Millet Advanced Hybrid Trial 2 (PMAHT 2).
The best dwarf hybridsyielded about the same as 
the mean of the tall hybrid controls (ICMH 451 
and MBH 110). 

The top entries in IPMAT(Table 17) are, as in 
PMAHT I, based on male-sterile line 81A. In 
the AICMIP initial trials, two hybrids, ICMH 
451 and ICMH 501 have been released by AIC-
MIP. ICMH 451 is based on male-sterile line 
81 A, and ICMH 501 on male-sterile line 834A. 

At ISC we continuzd preliminary hybrid eva
luation for a 2nd year. These trials tested two 
types of hybrids, inbred x variety, and male
sterile x variety hybrids in an unreplicated test
cross nursery and a preliminary yield trial. In the 
testcross nursery 5 of the 21 hybrids tested out
yielded the control CIVT (2050 kg ha- 1)by 6
58%. In the 24-entry Preliminary Hybrids Trial, 

Table 20. Performance of pearl millet hybrids from composite-derived inbreds, ICRISAT Center, rainy season 
1985. 

M'hle-,rerile of' hybrid 

20 

81A 852A 
Source 
composite 

Grain yield 
(kg ha-1) Rank 

Grain yield 
(kg ha- I ) Rank 

NELC 
I)C 

NEC 

1790 
1710 
1740 

I 
3 
2 

2620 
243) 
2270 

I 
2 
3 

MC 1680 4 2100 4 

SE ±408 ±457 

Meani 1730 2330 
CVi 24 

. For all entries (including controls). 

Mean grain 
yield (kg ha- 1) Rank 

2205 1 
2070 2 
2000 3 
1890 4 

±236
 

1890 

22 
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seven hybrids yielded 110-134% of the trial mean Yield Physiology Studies 
yield, while the control, CIVT, yielded 109% 
(Table 22). Results of these two tests indicate Recent worldwide increases in the production of 
that hybrids may have a higher yield potential rice and wheat have been based on varieties with 
than improved and landrace varieties. Further dwarfing genes. The protection against lodging
hybrid combinations using new inbreds and afforded by the reduced height of such varieties 
male steriles need to be evaluated, allows the profitable use of higher levels ofvar-

Table 21. Performance of two selected pearl millet hybrids in the Pearl Millet Advanced Hybrids Trial 
(PMAHT), at seven locations, and DNI incidence, ICRISAT Center Downy Mildew nursery, rainy season 1985. 

Time to Plant DM50% flower- height incidence 

Entry Mean Rank IIIF II.F I"3SR tlS R Jalna All I.udhiana ing (d) 2 (cm)2 (%) 

ICMH 84122 3220 7 3970 1850 3990 3180 1750 5110 2720 51 189 0.0 
ICMH 84913 3140 10 3770 2010 4420 3300 2270 4210 2020 51 185 0.0 
Controls 

MBH 110 2930 26 3900 1870 3190 3010 1730 4590 2200 45 188 0.0 
ICMS 7704 2580 47 3060 2290 2900 2500 1520 4710 1080 54 220 0.0 
WC-C75 2580 46 3650 1760 3230 2870 1990 2700 1870 50 203 3.4 

SE - - ±299 ±276 ±312 ±218 ±295 ±508 ±325 ±1.7 ±10.9 -

Trial mean 
(49 entries) - - 3620 2130 3550 1120 1550 4590 2260 50 199 -

CV(%) - - 17 26 18 14 33 22 25 - -

I. 	 Location,: IIIF mIRISAT high fertility (80 kg N ha-'): II.F ICRISAT low fertility (20 kg N. 9 kg P ha'); BSR 
lBhavanisagar; IISR All Autangahad.= Ilisar; 

2. 	 Man of all location%. 

Table 22. Performance of selected pearl millet hybrids in Preliminary Hybrids Trial, Bengou, Niger, 1985. 

Grain yield Time to Plant Panicle DM 

% of 50% flower- height length incidence 
-
Entry 	 kg ha' Rank mean ing (d) (cm) (cm) (%) 

3/4 HK-1B78 ITMV 8305 2440 I 134 56 215 39 9 
81A xSadore Local 2170 2 119 61 219 47 27 
3/4 HK-B78 ,DG P-I 2140 3 117 59 224 55 7 
438 x Zanfarwa 2070 4 114 62 219 56 4 
81A x i3 Kolo 2060 5 113 53 196 40 25 
IBMV 8401 x P., Kolo 2010 6 II 54 199 56 13 
438 , Sadore Local 2010 7 110 67 243 57 6 

Control
 
CiVT 1980 8 109 54 
 213 59 7 

SE 	 ±304 ±1.9 ±15.8 ±4.2 ±8.6
 

Trial mean (24 entries) 1820 	 58 215 50 17
 

CV(%) 17 	 7 50
3 	 9 
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ious inputs, leading to substantial yield increases. 
A similar dwarfing gene in pearl millet has been 
used by plant breeders since the 1960s, but dwarf 
varieties have never been widely grown by 
farmers in Africa or on the Indian subcontinent. 

Work began in 1976 at ICRISAT to diversify 
the backgrounds in which the dwarfing gene was 
available, by creating dwarf versions of seven 
composites then under improvement (ICRISAT 
Annual Report 1977/78, p. 68). This was done 
by mating each composite to a dwarf source and 
then backcrossing the dwarf segregants thrice to 
their original composite bulks. The resulting tall 
(original) and dwarf versions of all seven compo-
sites were compared in field trials from 1982 to 
1985 to evaluate the effect of the dwarfing gene 
on yield in a range of genetic backgrounds and 
environments. These included 2 years of yield 
trials at both ICRISAT Center and Bhavani-
sagar, using all seven of the composite pairs. A 
comparison of response to fertility and plant 
population/ sowing arrangement at ICRISAT 
Center was then made, using four composite 
pairs. There was no effect of height class on 
mean grain yield or yield components in the first 
set of trials (Table 23), suggesting there were no 
pleiotropic effects of the dwarfing gene that 
affects yield ability. There were, however, signif-

Table 23. Comparison of tall and dwarf versions of 
seven pearl millet composites in nultilocational yield 
trials, I(RISAT Center, rainy seasons 1982 and 1984; 
Bhavanisagar, rainy seasons 1983 and 1984. 

(Grai n Grain I000-
yield numhcr seed 

(gIl 2) (00 1 2)mass (g, 

Mecalns 
Tall 260 34.3 7.53 

)warf 264 35.1 7.48 


SE ±4.8 ±0.70 ±0.0)74 

Significance of effects 
Height NS NS NS 
Height x composite * 
Height location NS NS * 
Height year(location) *** *** 

icant interactions of height class and composite, 
indicating that the effects of the dwarfing gene 
were modified by the genetic background. Height 
x location interactions were small, but height x 
year interactions were large and approximately 
equal to the composite x year interactions. 

The second trial was affected by drought stress 
du.ing grain filling, resulting in poorly filled 
grains in both tall and dwarf version, but the 
dwarf versions of the composites yielded signifi
cantly less grain than the tall versions, as their 
grains were more poorly filled (Table 24). Grain 
numbers were not different between the tall and 
dwarf versions. There were significant interac
tions of height with both plant population and 
fertility, due to the tall versions filling grains 
better in a high-fertility, low plant-population 
treatment (high grain numbers, but spaced plants). 

The potential yield of materials carrying the 
dwarfing gene is equivalent to that of their tall 
counterparts, but there is no evidence of any 
potential yield advantage to the dwarfs (as 
judged by grain numbers). Yield levels in none of 
the trials distributed were high enough to be 
affected by lodging, so the potential advantage 
of the dwarfs in lodging resistance was not mea
sured. However the interactions of height with 
year, and the poorer seed filling of the dwarfs 

Table 24. Comparison of tall and dwarf versions of 
four pearl millet composites at two different fertility 
levels and three plant population/sowing geometry 
treatments, I(RISAT ('enter, rainy season 1985. 

G ra in Grain 1000
yield number seed 

(gmn) ('000) 1-2)mass (g) 

Means 
Tall 183 27.3 6.84 
Dwarf 157 27.0 6.08 

SE +4.5 ±0.80 ±0.082 

Significance of effects 
Height NS 
Height - composite ** * * 
Height X population NS 
Height x fertility NS NS 
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under stress, raise questions about the yield sta- During the year, the annual ICRISAT Pearl 
bility of lines with the d2 allele. 	 Millet Zone A Trial (IMZAT) for drier zones 

was conducted across the West African pearl 
millet growing zone, principally to evaluate the 

elite products of the ICRISAT cooperative pro-International Trials and 
grams in Africa. IMZAT contained II entries 

Nurseries contributed by African national programs coop
erating with ICRISAT; 2 entries from Burkina 

ICRISAT distributes elite breeding materials to Faso, 3 from Niger, 3 from Nigeria, 3 from 
cooperators through a broad range of trials and Sudan, and 3 control varieties. Sixteen sets of 
nurseries and meets a large number of requests this trial were sent to nine countries in the region. 
worldwide for seed of breeding materials, dis- Presently data are available from eight locations 
ease-resistance nurseries, etc., of pearl millet. (Table 25). This year rainfall at almost all loca-
ICRISAT also contributes to national and inter- tions was normal or near normal according to 
national yield trials in India and in West Africa, the long-term average data available. The high
as well as coordinating its own international and est mean yield was recorded at Bengou, Niger 
regional trials, that are distributed from both (2110 kg ha-1) and the lowest at Samaru, Nigeria 
ICRISAT Center and ISC. (966 kg ha-'). Over all locations, entries IKMV 

8201, IKMC 1,and ITMV 8304 performed well. 
In addition, two ICRISAT/ INRAN coopera

tive trials containing prerelease varieties from 
Yield Trials Niger were conducted as part of a multiloca

tional evaluation of varieties bred by INRAN 
IPMAT 10 had 20 entries (7 hybrids, 5 synthet- and ICRISAT. 
ics, and 8 population varieties) and was sent to 
26 locations in India, Korea, Niger, Pakistan, Breeding Materials 
Zambia, and Zimbabwe. At I I Indian locations, 
the hybrid ICMH 83401 was the top-ranking In 1985, the Uniform ProgenyNursery(UPN 85) 
entry, followed by ICM H 837129, and ICMH was sent on request to 28 cooperators in 7 coun
837120 (Table 17). All these hybrids are on male- tries; Cameroon being added for the first time. 
sterile line 81A, and are downy mildew resistant. Our Elite Products Nursery (ELPN 85) was also 
The highest-yielding, open-pollinated varieties in great demand, being sent to 20 cooperators in 
were ICMV 83117, derived from the Medium 13 countries. The nursery consists of advanced 
Composite, ICMV 83104, derived from the Inter ICRISAT product- (13 open-pollinated varie-
Varietal Composite, and ICMS 8102. ties and 7 hybrids). 

Fifteen varieties, synthetics and hybrids from The largest number of seed requests came 
ICRISAT were tested in various AICMIP trials from cooperators who attended the Pearl Millet 
of 1984, with WC-C75 as one of the standard Scientists' Day at ICRISAT Center and Bhava
controls. ICRISAT varieties continued to per- nisagar. A total of 2980 requested breeding
form well (Table 16). The best-performing var- material selections, were dispatched to 25 coop
iety, ICMV 81111, has a clear superiority over erators. This represents a large increase over 
WC-C75 for both grain and fodder yield (Fig. previous years' requests (Fig. 18). Of these, 913 
17). The performance of ICRISAT hybrids has were from the restorer collection, and were sent 
improved, with ICH 451 on 81A, and ICMH 501 to 20 cooperators in India, Pakistan, and south
on 834 A ranking 3rd and 4th with yield levels ern Africa. From the genetic diversification pro
close to the best entry. We also contributed five ject, 358 F 6 lines were sent, and 594 B lines from 
restorer lines and six A/B pairs of new male- F5 to F7 were supplied from the male-sterile 
sterile lines to AICMIP for evaluation, project. 
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Figure 17. ICRISATr-bred variety ICMV 81111, the highest-yielding entry in the 1984 IPMAT and 1985 AICMIP 
Initial Population Trial. 

A further 1476 seed samples, mainly from our International Disease Resistance
 
trials, nurseries, and restorer
our collection, Nurseries
 
were sent 
 to Zambia and Zimbabwe for the

newly established ICRISATSAI)CC millet 
 With the help of many cooperators, multiloca
program. tional nurseries were again conducted foreach ofThe annual Pearl Millet Exchange Nursery the four major diseases of pearl millet. These(PMXN) that conta~ned 19 varieties and 47 pro- nurseries include: the 50-entry Internationalgenies contributed by ISC and ICRISAT/Na- Pearl Millet Downy Mildew Nur,:'r-(!PMDMN)
tional Program cooperative projects in the region, for which data were obtained from four locawas evaluated at nine locations in seven coun- tions in India and one in Niger; the 32-entrytries. Seed material o' elite breeding lines was Internadional Pearl Millet Ergot Nursery (IWexchanged between ISC and five countries in the MEN) for which data were obtained from threeregion. locations in India; the a2-entry International 
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Table 25. Grain yield (kg ha-t) and rank of ICRISAT Pearl Millet African Zone A Trial (IMZAT85) entries at 
eight West African locations, rainy season 1985. 

Across 
locations Maradi ciniana Koporo ISC Gaya Bamhey Nioro Kainboinse 

Entry Yield Rank Yield Rank Yield Rank Yield Rank Yield Rank Yield Rank Yield Rank Yield Rank Yield Rank 
CIVT 2000 I 2320 5 2060 3 1581 I 23511 2 2550 I 1300 7 2200 5 1620 3 
rIrV 8304 1910 2 2520 1 2141 4 1450 2 1530 6 2531 2 1530 4 2200 6 1470 7 
IMv 8302 
ITIMV 8303 
1KM\ 8201 

1861 
1820 
1810 

3 2480 
5 2511 
6 1771 

3 
2 
8 

1991 
1550 
1710 

5 
1I 
8 

1220 
1191 
1441 

7 
8 
3 

1810 
2010 
1280 

5 
4 
7 

2110 
2150 
2471 

10 
8 
3 

1570 
1581 
1181 

3 2130 
2 2181 
1I1 2751 

9 
7 
I 

1540 
1381) 
1911 

5 
9 
2 

1KNIC I 
INMV 82076 
INNV 82068 
INM\82141 

1760 
1710 
1630 
1591 

7 
8 

1O 
1I 

1950 
1760 
1760 
1560 

6 
9 

10 
1I 

1930 
1570 
1(WO 
1760 

6 
10 
9 
7 

1290 6 
1(391 4 
1360 5 
1170 9 

1200 
1270 
1040 
1190 

9 
8 

I I 
10 

2231 
2070 
2240 
2180 

6 
II 
5 
7 

1660 
115(I 
138(0 
1250 

1 
I 
6 
8 

2330 
2490 
2150 
2370 

4 
2 
8 
3 

1490 
1970 
1550 
1210 

6 
I 
4 

1I 
IfMV 8503 1350 12 1381 12 1531 12 1010 I1 1000 13 1700 12 1190 9 178(1 12 1230 10 

IEMV 8502 
ENI V 85111 

1170 
9810 

13 
14 

1211 
130 

14 
1 

141( 
114(1 

13 
14 

8011 
951 

14 
12 

1020 
WO 

12 
14 

1470 
153(0 

14 
13 

1II1 
360 

12 
14 

1330 
1300 

13 
14 

1030 
690 

12 
14 

Controls 
Improved 
Local 

1821 
1670 

4 
9 

2320 
1810 

4 
7 

2190 
2090 

I 
2 

860 
1040 

13 2070 
10 259(0 

3 
I 

2260 
2140 

4 
9 

1400 
1080 

5 
13 

2(1510 
1910 II 

1460 
720 

8 
13 

S E ±146 ±206 t 164 1226 ±151 ±205 ± 174 ±132 

Mean 1650 1910 1751 1200 1500 2121 1270 2080 1380 

CV(C; 15 24 28 30 14 32 17 19 

Pearl Millet Smut Nursery (IPMSN) for which As usual, each of the 1985 nurseries contained a 
data were obtained from two locations in India number of entries that had been included in one 
and one in Niger; and the 50-entry International or more previous years of testing, and a large
Pearl Millet Rust Nursery (IPMRN) for which number ofentries had very low disease incidence 
data were obtained from four locations in India. at all locations, compared to the susceptible 

controls. 
- 3000 The purpose of these nurseries is to provide 

cooperators with an opportunity to evaluate 
CL under their own conditions entries believed to be 
CL 

2000 elite Sources of resistance, and to test promiliilg 
materials for their resistance stability. A number 

CL of such elite sources of stable resistance to each 
a 10. disease have been found. The nurseries also pro-II- vide limited information on the aggressiveness/ 

,II virulence of pathogen populations, but as dis
a- _j ease expression is environment-dependent, only

19 '9 ' 9 ' 9 indications of qualitative differences can be 
Year determined. 

Figure 18. Numbers of seed samples sent to coopera- The number of locations where ICRISAT's 
tors, resulting from requests made during the Annual international disease nurseries are grown has 
Pearl Millet Scientists' Days held at ICRISAT Cen- declined somewhat in recent years. In 1985, 
ter, 1981-85. AICMIP began their own disease nurseries at 
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several locations in India, including ICRISAT 
Center, and ICRISAT contributed many resis
tant entries to these trials. This new effort in 
multilocational testing for disease resistance by 
AICMIP, together with the fact that !CRISAT's 
many years of international disease nurseries 
have given little indication of pathogenic varia-
bility in the major pathogens, justifies a reduc-
tion in the number of disease-nursery sites in 
India. The extent and reliability of testing in 
Africa, however, has been much lower, and it is 
hoped that through the appointments of ICRI-
SAT pathologists in 1985 in West and southern 
Africa, multilocational disease testing will in 
future become more extensive and reliable. A 
start was made with a 20-entry disease nursery 
sown at 10 locations in southern Africa in 
December 1985, to help identify the major dis-
ease problems of the region and to further 
expand our knowledge of resistance stability of 
some entries. 

Cooperative Programs 

Senegal 

The objectives ofthe ICRISAT/ISRA (Institut 
SCnmgalais de Recherches Agricoles) Coopera-
tive Program are to improve grain yield, grain 
size, harvest index, resistance to diseases and 
pests, and the productive tillering ability of 
millet varieties for Senegal. 

On 24 April 1985, the National Seed Service 
recommended the release of three varieties gene-
rated by this Program: IBV 8001 (ICMV 2), 1BV 
8004 (ICMV 3), and IBMV 8401. 11V 8001 and 
IBV 8004 were widely grown inl the northern 
zone of Senegal in 1985. There is a plan to grow 
these two varieties .1roughout the whole north-
ern zone as they are high yielding and resistant to 
drought. IBMV 8401 was grown on 2000 ha in 
the south-central zone in 1985, where farmers 
appreciated its dwarfness, high-tillering ability, 
long panicles, disease resistance, good food-
quality, and good yields. 

Plant Improvement 

Jnbreds and synthetics. We evaluated 400 inbred 
lines generated by crossing ! 1materials with 
introduced lines in the 1984 and 1985 rainy sea
sons at Nioro and Bambey, for their useful char
acteristics before they are turned over to the 
National Program. During the 1984/85 dry sea
son we made four new synthetics from selected 
lines but, in general, these inbred lines have not 
been fully exploited in generating synthetics and 
hybrids. They should serve as a strong genetic 
base for the future program. 

tlybrids. We retested 23 selected hybrids in 
1985 at both Nioro and Bambey, against three 
controls IBV 8001, Souna Ill, and the farmers' 
local variety. Ten of these hybrids had already 
been tested for 2 years (1983 and 1984) and the 
remaining 13 for I year. 

The highest-yielding hybrid in 1985 was ICMH 
8512 SN, which yielded 2700 kg ha-', 30% more 
than the best control, IBV 8001, followed by 
ICMH 8414 SN, ICMH 8510 SN, and ICMH 
8413 SN. Based on 3 years' results, the best 
hybrid is ICMi 8413 SN (81A x IBMI 8207), 
which produced 30-50% more grain than Souna 
Ill in each year. All these hybrids are shorter in 
height and panicle length than Souna Ill, but 
produced more panicles per unit area. The 
hybrids arc highly resistant to downy mildew 
and moderately resistant to smut. Five hybrids-
ICMH 8412 SN, ICMH 8413 SN, ICMH 8418 
SN, ICMH 8510 SN, and ICMH 8512 SN-are 
now ready for evaluation in multilocational 
trials and farmers' fields to select the most
suitable hybrid for each region. 

Synthetic improvement. Three cycles of recur
rent selection in two synthetics, IBV 8004 and 
Souna Ill, were completed in the 1984/85 dry 
season. The most important criterion used in the 
selection was grain yield in IBV 8004, and resis
tance todowny mildewin Souna IllI. Finalcom
parisons between the reselected and the original 
synthetics were made in the 1985 rainy season in 
trials at Nioro, Bambey, and Louga. Synthetic 
IBV 8004 C2 gave the highest grain yield (1920 kg 
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ha-'), followed by Souna III C3. IBV 8004 C2was ha-', 15% superior to the best control IBV 8001) 
14-31% superior in grain yield to the other cycles followed by IKMV 8201, both from Burkina 
bulks of IBV 8004 and was 14% superior to Faso. 
Souna III C3. The germination in the original In the exchange nursery, all the three top var
population (C0) of Souna III was very poor at all ieties, ICNMV 147, ICNMV 19, and ICNMV 
the locations in 1985, and grain yields were low. 122, were from Nigeria. It seems that the entries 
During 1984, Souna IIl C2 yielded 9% more bred in this program have potential use in Sene
grain than Souna III Co. During the 1985 test, gal, e'ther directly as varieties or as parents in the 
Souna III C3 yielded 7%more than Souna III C2. breeding program. 
Downy mildew incidence at Bambey was reduced 
from 66% to 17% in Souna II in three selection 
cycles. Burkina Faso 

We initiated a project in 1984 to improve grain 
size in IBMV 8401, a dwarf variety, by crossing it The objective of the ICRISAT/Burkina Faso 
with two high-seed-mass lines from Ghana, IP Cooperative Program isto breed varieties for the 
16151 and IP 16152. We backcrossed 200 selected 500-900 mm rainfall zone, including both photo-
F2 plants with large seeds, to IBMV 8401 and period-sensitive, full-season (120-150 d) varieties 
reevaluated the 200 BC, progenies evaluated at that farmers can sow with the early rains, and 
Bambey during 1985. It was possible to select 40 photoperiod-less-sensitive/ insensitive, early-
BC, progenies with 1000-grain mass greater than maturing (80-110 d) varieties for late sowing 
II g compared to 8.9 g for the recurrent parent. (July) or very early sowing (May) conditions. 
The BC, F2 populations ot these40 BC1s are now The major thrust of our research activities is 
ready to be evaluated in larger plots to select developing full-season, photoperiod-sensitive va
several hundred plants of dwarf stature, and rieties, since these allow most flexibility in time 
with 1000-grain mass above I I g that have the of sowing. 
panicle length, tillering ability, and disease resis
tance of IBMV 8401. The selected F3 progenies 
can be recombined to form an improved IBMV Plant Improvement 
8401. 

Improvement of IKMP 4. IKMP 4, which was 
one of the best varieties in the multilocational 

Trials and Nurseries yield trials, has shown some downy mildew sus
ceptibility in 3 years of screening in the disease 

Synthetic trial. During 1985 we evaluated 16 of nursery at Kamboins. A total of 270 selfed pro
the best synthetics from previous yield tests at genies made in 1984 were screened in the downy 
Nioro and Bambey. In 1984, the two highest- mildew sick field in 1985, and 39 downy mildew 
yielding synthetics were IBMV 8403 and IBMV free entries were selected to reconstitute the 
8406. These did not perform so well during 1985. population. 
The highest-yielding synthetic in 1985 was IBM V 
8402 (2510 kg ha-', 18% more than the control Improvement of RP 1004. We derived synthetic 
variety, IBV 8001, and 36% more than Souna variety RP 1004 by recombining selected pro-
III), followed by IBV 8405, IBV 8501, and IBV genies from a cross between the late-maturing 
8502. local cultivar Kapelga (qualitative photoperiod

sensitive type) and GT 85, an early-maturing 
Regional trials. IMZAT 85, which included Iniadi millet introduced from Togo (quantita
two Senegalese controls, IBV 8001 and Souna tive, photoperiod-sensitive type). Kapelga has a 
III, was grown at Nioro and Bambey. The hairy leaf surface (HLS) and Iniadi a smooth leaf 
highest-yielding entry was IKMC I (2000 kg surface (SLS). This cross was notable for trans
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gressive segregation for increased panicle size in 
a Kapelga background. 

Results of various trials showed that RP 1004 
reached 50% flowering between 21-27 August
for sowing dates that ranged from 12 June to 6 
July, suggesting it has a qualitative photoperiod 
response, despite its earliness. It will be more 
adapted for general use if the time to 50% flower-
ing can be increased by 10-15 days. Later-
flowering plants in RP 1004 generally had a 
HILS. (Similar results were obtained from a 
genetic study of a cross between Kapelga and GT 
79, suggesting a linkage between genes for H LS 
and lateness.) Since the leaf-surface type car be 
readily identified in the seedling stage, we used 
this characteristic tn 'dentity probable late-
flowering plants in a nursery during the dry sea-
son, from which we selected 1025 seedlings
(mostly HILS), which were transplanted and 
selfed. Progenies of selected 1I-.S plants (247)
and SLS plants (79) were evaluated in 1985 
along with Kapelga arid (I" 85. In general, 1-[S
lines tended to be late and SlS lilies early. Aver-
age time to 50% flowering of the selected (late-
flowering) HLS lines was 74 days compared Io 
64 days for the mean of all progenies. The parent
lines required 84 days (Kapelga) and 52 days (GT
85) to 50% flowering. We selected a total of 48 
lines on the basis of maturity, agronomic score,
and disease ratings. They will be used during the 

next dry season to make six varieties with differ-

ent nmaturities and leaf-surface types, and a corn-

posite from the top-performing 23 late. HLS 

progenies. 


Trials and Nurseries 

Full-season varieties. The ICRISAT Millet Multi-
locational Trial 2 (1MMLT 2) evaluated entries 
of 130-150 days duration. These include rese-
lected landraces, made by recombining pro-
genies selected as agronomically superior and 
less downy mildew susceptible (CV P series), and 
populations derived by mass selection. Controls
included a local cultivar, an improved variety,
and the medium-duration variety IKMP 2. IM-
MLT 2 was conducted at four locations (Kam-

boins&, Saria, Gampela, and Farako-BA) in Bur
kina Faso, and at Bengou in Niger, covering 
average annual rainfall zones from 750 to 
mm. Yield data from Saria were not obtained 
due to severe infestation with the cantharid bee
tie (Psalydollvtt sp) at flowering. 

The superiority of lKM P 3 (CV P 417 selec
tions) and IKM '4 (CVI 480 selections) reported
earlier (ICRISAT Annual Report 1984, p. 117) 
was agriin evident during the 1985 rainy season, 
at all locations in Burkina Paso (Table 26). The 
early control, IKM P 2, also outyicldcd the local 
Controls at most locations il lurkina Faso. and 
the improved variety, CIVT, at Bengou. At 
Kamboins, IKM P4, IKMIP 3, and IKM P2 had 
less downv mildew than the local control Kapelga.
Improved varieties had 0-51'j smut infection and 
no ergot. IKM I' 3 will be proposed for on-farm 
trials in 1986 for normal sowing (early June 
onrares) in the 710-900 n1mn rainfall zone. 

The second trial of full-season varieties, IM-
MIT 3, contained entries maturing in 120-13t) d 
when sown at the start of the rainy season. 
IM MI.T 3 was conducted at four locations 
(Kamboins , Saria, Ouahigouya, Aourenia) in 
tile 600-800 mmlaverage annual rainfall zone of 
Burkina Faso. Rainfall in 1985 at Ouahigouya 

(6 0 0 -nn zone) was 56% of the long-term aver
age. Trial entries at this location and at nearby

Aourcna suffered severe drought stress during

flowering and grain filling. Grain yield data from
 
these 
 locations coiuld not be statistically ana
lvzed because ofextreme field heterogeneity due
 
to drought. However, at Ouahiigouya, estimates
 
of the performance of some entries could be 
obtained on visual observation and consistent

performance in all replications. Other locations
 
had near- or above-average rainfall with reaso
riable distribution. 

IKMiP 5 (CV h 170 selections) and IKM P 2 
were again the best varieties at Otahigouya and 
were also among the best entries at Kamboins&, 
where the IMMI.T3 trial was grown toevaluate 
nc(liumn-dtration varieties for late-June sowing. 
At Kamboins , IKMP 2 yielded 1650 kg ha-1,
IKMI) 5 yielded 130t0 kg ha -', and the local 
control yielded 300 kg ha-'. At Ouahigouya, 
IKMP 2yielded 340 kg hia-, 1KMP5 yielded 280 
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Table 26. Crain yields and mean time to 50% flowering of selected entries in ICRISAT Millet Multilocational 
Trial 2 (IMMLT 2), Burkina Faso and Niger, rainy season 1985. 

Grain yields (kg ha-i) 'Time to 50% 

Entry Karnboinsi I Kamboins6 III Gampela Farako-BA Bengou flowering (d) 

IKMP 4 1190 1100 1810 1920 1270 82 
IKMP 3 990 1140 2000 1830 700 85 
1KM P 2 2160 890 1220 1010 1830 65 

Control2 520 550 1490 430 1320 84 

SE ±78 ±68 ±104 ±146 ±124
 

Trial mean
 
(14 entries) 1030 930 1420 1310 930
 

CV(%) 18 18 18 27 33
 

I. First and second dates of sowing. 
2. [.ocaliciiivar 'Kapelgi' at Kainboi nsc aiid Gai Fi ra lilocal at iarako-Bii, aid iniproved variety CIVT at llengou.npela ako-B 

kg ha-, and the local control yielded 70 kg ha -'. sowing (mid-June onward) in 500-700 mm rain-
Under the stressed conditions of Ouahigouya fall zones. These varieties may also have a place 
and Aourema, IKMP 5 remained green during for end-June sowing in the 700-900 mm rainfall 
the reproductive phase in all replications, an zones. 
indication of its drought tolerance. Both im
proved varieties also had less than 5% incidence Early-maturing varieties. Trial IMMLT4, de
of downy mildew and smut. IKMP2andIKMP signed to evaluate early-maturing varieties for 
5 will be proposed for on-farm trials for normal late-sowing conditions, was grown at Kamboin-

Table 27. Grain yields and mean time to 50% flowering of selected early-maturing varieties and controls in 
ICRISAT Millet Multilocational Trial 4 (IMNILT 4), Burkina Fase, rainy season 1985. 

Grain yield (kg ha-i) 

Kamboinst Ouahigouya Aourema Time to 50% 
-Entry 2.7.851 7.7.85 1.7.85 10.7.85 1.7.85 flowering (d)

IKMC 1 1090 1760 550 630 200 55 
IKMV 8201 1100 1530 530 530 250 53 

Controls 
IKMP 5 1900 1290 630 530 350 66 
Local cultivar 750 460 90 160 90 

SE ±67 ±100 ±45 ±47 ±32
 

Trial mean (10 entries) 1000 1220 430 440 190 

CV (%) 16 20 25 26 41 

I. Sowing date. 
2. Less than 50% flowering at Ouahigouya and Aourema due fo drought stress. 
3. Mean of all locations. 

-2 
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s6, Aourema, and Ouahigouya. The results con-
firmed the superior performance of IKMV 8201 
(Table 27), now in its 4th year of trial. IKMV 
8201 was also grown in on-farm trials by the 
Regional Development Office in Ouahigouya,
with encouraging results. IKMC I performed
well for the 2nd year. Medium-duration entry
IKMP 5, included as a control, was the highest-
yielding entry in the trial. 

Striga Control 

A 3-year study of the effectiveness of hand pul-
ling Striga hermonthica plants was initiated in 
Aourema village in 1983. We selected 10 m X
20m plots at random in each of nine village
millet fields infested with Striga. In half of each
plot, Striga plants were counted (Fig. 19) and 
removed 10 days before they shed seed (Striga-
removal treatments). In the other half, Striga
plants were counted but not removed (control).
Millet panicles were harvested and weighed in
each treatment at maturity. The treatments werecontinued in the same plots in 1984 and 1985. 

Mean Striga plant numbers were similar in
1983 in both treatments, but declined in the rem-
oval treatment to 35% of the number in the 
control in the 2 subsequent years (Table 28).
Panicle yields in 1983 were 30% higher in the 
removal treatments than in the control in 1983 

and increased to 67 and 107% in the 2subsequent 
years. (The difference in 1983 is unlikely to be 
due to the Striga removal, as this was done late in 
the season; but the differences in 1984 and 1985 
are consistent with the greatly reduced Striga
infestation). The response in crop yield in 1984 
and 1985 w..s both statistically and agronomi
cally significant (Table 28).

Based on these results, the control of Strigaby 
hand-pulling Striga plants before they produce 

iW
 

j' 

..
 

Figure 19. Counting Striga plants in experimental
pearl millet plots, Aourema village, Burklna Faso,
1985. 

Table 28. Striga incidence and panicle yields of pearl millet in nine farmers' fields with and without removal of 
Striga plants. Aourema village, Burkina Faso, 1983-1985. 

Stria incidence (plants 100 m2) Panicle yield (kg 100m - 2) 

1983 1984 1985 1983 1984 1985 
Treatment means' 

Removal (R) 
Control (C) 
R/C (%) 

3575 
3195 
112 

335 
964 
35 

258 
735 
35 

7.2 
5.5 

130 

9.5 
5.7 

167 

8.9 
4.3 

207 
Treatment differences (R-C) 
Mean2 

SE2 
+0.18 

±0.094 

-1.15 

±1.73 

-0.59 

±0.95 

+1.65 

±0.53 

+3.75 

±0.505 

+4.58 

±0.662 
I. Removal (R) = Striga plants removed before seed maturity; Control (C) = Striga plants not removed. 
2. In transformed data. 
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seed deserves further agronomic and economic characteristics complementary to those of the 
evaluation. As it was done only once during the local land races, we have generated a large number 
season, and at a time when labor supply is not of progenies and segregating populations origin
limiting, the doubling of millet yields achieved in ating from crosses between landraces from Niger 
the 3rd year may make the practice economically and exotic lines with desirable characteristics, 
attractive, even though it does not eradicate such as higher harvest index and shorter plant 
Strigafrom the fields, height. Many desirable segregants have resulted 

from these crosses. We are maintaining these 
with the Niger national program as a base of new 

Niger but adapted breeding material. This base includes 
the working collection (297 lines), uniform (F8)

The main objective of the ICRISAT/ Niger Co- progenies from Niger x exotic crosses (58 lines),
operative Program is to provide genetically source material F4s (68 lines), and F5, F6, and 
broadbased varieties, populations, and breeding BCI F5 progenies from African x exotic crosses 
materials with higher yield potential, better yield (176 lines). The important characteristics of this 
stability, and resistance to biotic stresses, to the material have been cataloged, and seed has been 
national program of Niger and other West Afri- stored in the seed store at the INRAN research 
can programs. The ICRISAT/Institut Natio- station, Maradi. This material, mostly inbred 
nale de Recherche Agronomique du Niger (IN- lines, can be used as parental material to breed 
RAN) cooperative program has made a substan- hybrids and synthetics. A duplicate set of all 
tial contribution to the Niger national pearl these materials has been sent to ISC. 
millet improvement program. We have consti
tuted 5 broadbased gene pools and have derived Population improvement. In a project started 
10 varieties from them. It is hoped that these in 1979 and completed in 1984, we formed five 
diverse gene pools will be used by the national gene pools to maintain desirable variability and 
program for further development of new varie- avoid inbreeding: African long-headed (named
ties. In addition, a wide range of desirable INMG 1), Indian D, (INMG 2), tall segregants 
genetic materials, at various levels of inbreeding, from D2 dwarf populations (INMG 3), bristled 
has been made available tr, the Niger national head (INMG 4) and thick head (INMG 5). The 
program and the ISC. A[ ,-opriate use of this gene pools were formed by random mating geno
material will greatly aid these programs in the types of similar panicle length and maturity, that 
development of stable and high-yielding varieties, originated in similar agroclimatic zones across 

Three ICRISAT/ Niger varieties, ITMV 8001 countries in Africa and in India. Two varieties 
(ICMV 5), ITMV 002 (ICMV 6), and ITMV were derived from each of these gene pools 
8304 (ICMV 7) bred in cooperation with the (Table 29) by mass selection in the advanced 
INRAN research station at Maradi were released random mating cycles. These varieties have per
to farmers in Niger in 1985. Following their foirmed well in various national and regional
excellent performance in the multilocational trials. A trial to compare the base gene pools and 
trials coordinated by the Institut du Sahel, varie- the varieties derived from them was conducted at 
ties ITMV 8001 and ITMV 8003 are also being Maradi and ISC in 1985. Overall, the derived 
extended to farmers in other countries in the varieties yielded 4% better than the parent gene 
Sahelian Zone. pools, with those from INMG I and 3 outyield

ing the parental pool by 15% (Table 29). 
Breeder seed of all these gene pools and their 

Plant Improvement associated varieties was produced during both 
the dry and rainy seasons and is maintained at 

Pedigree breeding. In order to provide the the INRAN station at Maradi and at ISC, for 
Niger national program with genotypes having distribution and future use. Seed of the gene 
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Table 29. Comparison of pearl millet basic gene pools and varieties derived from them. Means of trials at Maradi,

and ISC, Niger, rainy season 1985. 

Grain %of 
yield parental 

(kg ha-') gene pool 
INMG 1 1560 -
ITMV 8001 1760 113 
ITMV 8002 1780 115 

INMG 2 1520 -
ITMV 8003 1650 108 
ITMV 8302 1600 105 
INMG 3 1570 -
ITMV 8303 1740 I11 
ITMV 8004 1870 119 

INMG 4 1670 -
ITMV 8301 1470 88 
ITMV 8306 1680 101 
INMG 5 1690 -
ITMV 8304 1570 90 
ITMV 8305 1470 87 

SE ±170 -

Mean 1640 

CV (%) II 

I. Recorded at ISC only. 

pools and the varieties developed by the ICRI-
SAT/ Niger project has been requested by national 
programs in West Africa and in India. 

Trials and Nurseries 

Two ICRISAT/ INRAN cooperative trials were 
conducted during 1985: one at locations in the 
northern zone of Niger (annual rainfall <400 
mm) and the second in the southern zone (rain-
fall >400 mm). The northern zone trial, which 
contained four promising varieties from INRAN 
and five from the ICRISAT/Niger cooperative 
program, was grown at seven locations (Table
30). Varieties ITMV 8003, ITMV 8002, and
ITMV 8304 contributed by our program were 
the best entries in this trial, yielding 13-15% 
more grain than the control HK P, a released 

Time to Panicle Panicle 
50% flowering length number' 

(d) (cm) ('000 ha-) 
61 46 42.3 
61 54 44.9 
60 41 45.8 

62 45 42.7 
59 44 43.5 
60 45 45.0 

63 47 40.6 
61 45 49.2 
60 54 48.0 

60 50 47.8 
60 49 36.2 
60 52 46.3 

62 40 51.8 
60 36 42.9 
61 36 47.0 

±0.8 ±1.3 ±7.4 

61 47 45.1 

1.3 2.8 17 

variety in Niger. 
The southern zone trial, which contained six 

test entries from INRAN and five from ICRI-
SAT, was grown at five locations. An INRAN 
variety, DG-PI, was top-ranked, followed by
ITMV 8001 and ITMV 8301 (Table 30). ITMV 
8001 maintained its superiority over the control 
CIVT. 

In IMZAT 85 the grain yield of the ICRI-
SAT/ Niger variety ITMV 8304 was the highest
of all the entries at Maradi, yielding 38% more 
than ihe control, a local variety. 

Nigeria 

The 1985 cropping season marked the comple
tion of the ICRISAT/ Institute of Agricultural 
Research (IAR) cooperative millet breeding pro
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gram at Samaru. Emphasis was placed, there- Table 31. Summary comparison of grain yields of 
fore, on multiplication of breeder seed of the best ICRISAT Nigerian millet varieties with controls 
most advanced of the improved selections deve- at Samaru, 1981-1985, and Kano, 1981-1984. 
loped in the program. We also conducted two 
multilocationp I Advanced Millet Yield Trials Performance of INMV 
(AMYT 1 85 and AMYT 2 85) and IMZAT 85 relative to control' 
jointly with the IAR. Variety Greater 2 Equal Less 

INMV 2 1 8 0 
INMV 6 3 5 0Plant Improvement INMV 10 3 4 1 
INMV 12 3 4 1 

Ten of the most promising improved varieties INMV 20 3 4 2 
have been compared for grain yield with two INMV 36 2 5 2 
improved control varieties, Nigerian Composite INMV 37 3 4 0 
and Ex-Bornu, for 4-5 years at Samaru and INMV 40 3 5 1 
Kano (Table 31). Samaru is in the Northern INMV 42 3 6 0 
Guinea bioclimatic zone and represents the wet- INMV 55 2 6 1 
ter millet-growing areas (800-1200 mm annual Total 26 51 8 
rainfall). Kano represents the drier millet-grow- . Statistical (P 0.05) comparison of INMV entry and 
ing areas (600-800 mm annual rainfall) of the control variety. 
Sudanian zone. Ofa total of 85 comparisons, the 2. Nigerian Composite in 1981, 1982, and 1984 and Ex
yield of the INNV entries exceeded the yield of Flornu in 1983 and 1985. 
the control variety by a statistically (P < 0.05) 

Table 30. Three top-ranking pearl millet varieties at each location in ICRISAT/ INRAN cooperative trials, Niger, 
rainy season 1985. 

Rank of entries Trial yield range 
Location 1 2 3 (kg ha-i) 

North Zone Trial 
Magaria HKB-Tifl ITMV 83041 ITMV 8003 1120-1720 
Maradi ITMV 8002 HKBi-Tif Ank. PI 1770-2560 
Konni ITMV 8002 ITMV 8303 ITMV 8304 960-1340 
ISC ITMV 8304 ITMV 8002 Ank. PI 1360-1850 
Chikal ITMV 8003 ITMV 8002 HKB-Tif 550-830 
Ouallam HKP 3 Moro III IFMV 8304 730-1030 
Tillabery ITMV 8003 ITMV 8304 HKP 3 1090-1780
 

Mean 
 ITMV 8003 ITMV 8002 ITMV 8304 

South Zone Trial 
Magaria DG-PI ITMV 8001 [[MV 8305 1150-1980 
Maradi ITMV 8302 ITMV 8001 DG-PI 1550-2160 
Bengou ITMV 8001 ITMV 8305 ITMV 8004 1040-1480
 
ISC DG-PI HKB-PI ITMV 8305 1230-1850
 
Kolo ITMV 8301 CIVT 
 ITMV 8001 1060-1550
 

Mean DG-PI ITMV 8001 ITMV 8301
 
1. ITMV series bred by the ICRISAT/ Niger Cooperative Program and others by INRAN. 
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significant amount 26 times, equalled the control 
variety 51 times and yielded less 8times. Breeder 
seed of each of these varieties was multiplied and 
made available to the IAR who will continue to 
evaluate these varieties in multilocational trials. 

Other promising selections over the period
1981-85 included the INMV series numbers 4, 9, 
23, 32, 43, 46, 47, 49, 62, and 68. Seed of each of 
these varieties along with that of 45 others was 
multiplied and supplied to the Nigerian national 
program, ISC, and the ICRISAT/SADCC pro
ject based in Zimbabwe. 

Yield Trials and Nurseries 

Two ICRISAT/IAR trials (AMYT 1 85 and 
AMYT 2 85) were conducted with the national 
program at six locations within Nigeria. Only
data from the Samaru location were available 
for this report. Four of the INMV selections: 
INMV 40, INMV 42, INMV 55, and INMV 36, 
significantly (P > 0.05) outyielded Ex-Bornu, 
the improved control variety, 

We hope that a number of new selections will 
receive consideration from the national program 
as possible alternate varieties to the Nigerian
Composite and Ex-Bornu. Most of the new 
ICRISAT varieties have the advantages of ear-
lier maturity, shorter plant height, and more 

productive tillering than the current improved

varieties, 


Sudan 

Rainfall during 1985 was higher than in 1984 in 
most of the pearl millet growing areas in Sudan. 
In 1983, pearl millet was grown over an esti-
1.58 million ha in Sudan, an increase of 20% over 
1984. Total millet production this year was 472 
000 tonnes, about thrice that in 1984. The
national average grain yield of 300 kg ha-' in 
1985 was also the highest in the last 3 years. 

The ICRISAT/Sudan Cooperative Program
seeks to breed new genotypes with high grain
yield potential and improved stability, which are 
responsive to moderate fertilizer application, 

and have resistances to drought stress, diseases, 
ins:c!s, and birds. We continue to emphasize on 
early-maturing lines (75 days to maturity) with 
compact, bristled panicles, and good grain quality.

Breeding work was carried out at Kaba, and 
the Western Sudan Agricultural Research Pro
ject (WSARP) farm, both at El Obeid. Multilo
cational yield trials were also grown at Kadugli 
and Nyertete. 

Plant Improvement 

Inbreds and synthetics. We crossed 130 inbreds
developed in this program between 1977 and 
1984, with the local variety Kordofani, the 
improved variety Ugandi, and the Bristled Popu
lation, to generate new breeding lines in more
adapted backgrounds. Atotal of 274 new crosses 
were made and will be advanced in the dry
season nursery 1985/86. 

Of 159 new crosses made in 1984,6Fjsshowed 
high degrees of heterosis and were selected for 
generation advance to derive synthetic parents.
F2populations of these will be evaluated in 1986. 
We identified 70 plants representing 38 crosses 
from 152 F2 populations for pedigree selection. 
We made 192 individual plant selections from 
130 of a total of 918 segregating progenies (F 3
and F4 generations) for further evaluation as 
progeny rows. Six lines that were found uni
form, productive, and agronomically accepta
ble, were selected for use in national trials and 
the exchange nursery. 

Hybrids. Eight male-sterile lines along with
their maintainers were grown for maintenance 
and use as seed parents in new test crosses. We 
evaluated 63 hybrids, and selected 6 for further 
evaluation. Selections of male-sterile Ex-Bornu 
were found '.o be good combiners. 

Population improvement. We continued to 
improve the Bristled Population for grain yield,
panicle compactness, phenotypic uniformity,
and grain quality. Approximately 1000 S2s were 
made in Bristled Population-A (BP-A) and 543 
in the Bristled Population-B (BP-B), in the dry
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season nursery of 1984/85, and evaluated in the 
rainy season at Kaba and the WSARP farm. 
Single plants from 32 S, progenies of BP-A and 6 
plants from 4 S, lines of BP-B were selected for 
recombination to complete the first cycle of rec
urrent selection in both pnp,'-lations. The mean 
panicle yield of selected progenies of BP-A was 
2080 kg ha-1 at Kaba and 1080 kg ha-1 at the 
WSARP farm. 

Germplasm evaluation. We planted 1005 acces
sions at two locations-Wad Medani (irrigated)
 
and Nyertete (rainfed)-to record data on phy
siomorphologic characteristics. All the acces
sions are being classified on the basis of plant,
 
panicle, and grain characteristics.
 

Trials and Nurseries 	 Figure 20. Seed-multiplication field of the ICRISAT
bred variety Ugandi, Sudan, 1985. 

National trials. Two Pearl Millet National 
Trials (PMNT 9A and PMNT 9B) were con
ducted in four sites in 1985. In PMNT 9A, tion varieties were contributed by the ICRISAT 
Ugandi was the highest-yielding entry at the Sudan program to IMZAT 85 and six new lines
Kaba and Nyertete locations, and the BP-A to the exchange nursery. At the Sudanian loca
ranked first at Kadugli. Ugandi, with a mean tionofIMZAT85, UgandiandlTMV8304were
yield of 1190 kg ha-, outyielded the best control, rated most-promising. Varieties from Nigeria in
Bayuuda, by a 31% margin at Nyertete, while the the exchange nursery performed well at the
BP-A yielded 47% more than the control variety, WSARP farm, and three, ICNMV 147, ICNMV 
Kordofani, at Kadugli. In PMNT 9B, only 212, and ICNMV 22, were selected for use in our 
ICMV 82111 was retained for reevaluation, program. We selected single plants from seven 

inbred lines from the exchange nursery. Three
On-farm trials. We conducted trials using Ug- entries in the Striga Observation Nursery, 84
andi, BP-A and various local varieties in 30 W181, 84 W684, and 84 W688, were agronomi
farmers' fields in North Kordofan Province in cally good and selected for future use, L.t?.-ugh
association with USAID Title XII Collaborative the incidence of Striga was very low. 
Research Support Program on Sorghum and 
Millets (INTSORMIL). Ugandi was earliest to International trials and nurseries. One interna
flower and mature at all sites, and yielded 20% tional trial (PMAST 84) and a uniform progeny
more(584 kg ha-) than the best control, Bayuuda nursery (UPN 84) were sown in 1985. Two syn
(486 kg ha-'). The BP-A was superior to Ugandi thetics, ICMS 8265 and ICMS 8247, were rated 
for panicle length and compactness. Seed of better than Ugandi. 
Ugandi was multiplied by a private seed com
pany on 20 ha for the Ministry of Agriculture, 
North Kordofan, and should be available to Southern Africa 
farmers in 1986 (Fig. 20). 

A full-time pearl millet breederjoined the SADCC
Regional trials and nurseries. Three popula- Regional Sorghum and Millet Improvement 
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Project based in Zimbabwe in November 1985, 
in time for the 1985/86 rainy seasol. IriIs main 
assignment will be to breed a wide range of mate-
rials for use by national programs in the region, 
and to encourage regional cooperation in the 
breeding of improved pearl millet varieties for 
the nine countries which form the Southern 
African Development Coordination Council 
(SADCC). The assembly and initial evaluation 
of genetic variability for this effort began in the 
1984/85 season, so crossing and selection could 
begin immediately. 

Germplasm Evaluation 

Pearl millet germplasm collected from Zim-
babwe was evaluated at Gwebi, Aiselby, and 
Matopos, in collaboration with Food and Agri
culture Organization of the United Nations/ In
ternational Board for Plant Genetic Resources 
(FAO/IBPGR). Most of the accessions were 
very tall (3 m), flowered in approximately 70 
days, and produced medium-sized panicles. Agro
nomically superior lines with good adaptation to 
SADCC conditions were selected for further-
testing and crossing with exotic material. 

Nearly 650 pearl millet accessions from six 
SADCC countries and 720 accessions from the 
ICRISAT Genetic Resources Unit (GRU) work
ing collection, representing 27 countries, were 
evaluated at Sebele, Botswana (Fig. 21); Ngabu, 
Malawi; Hombolo, Tanzania; and Kaoma and 
Longe, Zambia. Crop growth at Aiselby, Ngabu, 
and Gwebi was very good and differences in 
plant height, panicle length, and other charac
ters were evident. At Ngabu, the Maiwa acces
sions produced panicles >100-cm long. Crop 
growth was poorer at Kaoma, Longe, and Ham
bolo, and the differences between accessions 
were not clear. Because of severe drought at 
Sebele, only the early accessions flowered and 
produced grain. 

Among the SADCC countries, accessions col
lected from Botswana are the earliest, followed 
by those from Malawi. Accessions from Zambia, 
Zimbabwe, and Mozambique are late maturing, 
while those from Tanzania, the highlands of 

Malawi, and Zambia are photoperiod-sensitive. 
Based on their agronomic performance, height, 
and maturity class, we selected accessions to 
enter the base composites for the breeding 
program. 

Plant Improvement 

Based on the evaluations in the 1984/85 nurser
ies, we selected 456 lines and accessions to gener
ate four composites: 

Early-less than 100 days to maturity (184 
entries) 

Medium- 100-125 days to maturity (174 entries) 
Dwarf--plant height 120-165 cm (39 entries) 
Bristled-panicles with long bristles (63 entries) 

-' 

I 

Vpx 

Figure 21. Scientists evaluating genetic resources 
accessions from 25 countries for possible use inbreed
ing programs in the SADCC region, Sebele near Gab
orone, Botswana, 1985. 



Pearl Millet 133 

The constituent lines of these four composites Training 
were sown at Mzarabani in April and August 
1985, for the first and second generations of Two students from the Institut Pratique de D

random mating, and at the Aiselby farm near veloppement Rural (IPDR) at Kolo worked 

1985, for the third with pearl millet scientists at ISC from June toBulawayo in December 
September on the influence of seed treatment ongeneration of random mating. These popula-

tions will be random mated for another genera- the germination and growth of millet, and the 

tion before we start recurrent selection in the effects of agronomic and cultural practices on 

1986/87 season. infestation by the major insect pests of millet and 
cowpea. Two trainees from ISC came to ICRI-
SAT Center to participate in the in-service train-

In Burkina Faso four students pre-
Breeding Trials and Nurseries 	 ing course. 

paring for their Ing~nieur Agronome degrees 
worked with ICRISAT scientists on problemsDuring the 1984/85 rainy season, 12 yield trials 

sown at seven relating to Striga resistance.and observation nurseries were 
Millet scientists from several disciplines were

locations in five countries: Botswana, Malawi, 
involved in programs for participants in the 8-

Tanzania, Zambia, and Zimbabwe (ICRISAT 
Annual Report 1984, pp. 123-124). These trials 	 month in-service training course at ICRISAT 

Center. In addition three trainees worked for
and nurseries, provided by pearl millet breeders 

longer periods during 1985, in millet breeding aaround the world, were grown to select a broad 
research scholar worked on population selectiongenetic base for the breeding program to begin in 
studies, a research scholar in pathology worked1985/86. Crop growth was satisfactory at Ngabu, 
on smut biology and resistance studies, and an

Malawi, and at the three locations in Zimbabwe 
(Gwebi, Matopos, and Aiselby). The crop suf- international intern in physiology on relation

fered from drought at Sebele, Botswana; Kaoma, ships between development and growth in millet. 

Zambia; and Hambolo, Tanzania. 	 A millet pathologist from the national program 
in Senegal spent two months with the patholo-Varieties from West African countries were 
gists studying screening techniques and biologymedium maturing, tall, and had long panicles. 


Entries from India were generally early maturing of millet pathogens.
 

(< 90 days), medium tall, and had small panicles.
 
The material from eastern Africa was early mat
uring and had bold grains, while lines from the
 

USA were short-statured, with small panicles, Workshops, Conferences, and 
and many tillers. It isexpected that the diversity 

Seminarsin the introduction nursery will be of significant 

value to subsequent crop-improvement activi-


West African Regional Travelling Workshopties. Selections for various purposes were made 
on Pearl Milletjointly by scientists from the national programs, 


and regional programs, and from ICRISAT
 
ISC hosted this Workshop from 11-17 Sep-

Center. 
tember. The objectives of this annual workshop

Selected varieties and inbreds from the 1984/85 
were to bring together pearl millet scientists

rainy-season trials and nurseries, plus 1131 newly 
from West Africa, to visit national and regional

introduced lines and varieties (synthetics, hybrids, 
programs in the region, and to discuss important

male-sterile lines, pollinators, and inbreds for 
were grouped into 18 trials and research topics. There were visits to the national

specific traits) 
nurseries for 1985/86. These trials and nurseries 	 pearl millet improvement program in Mali, ISC, 

and the INRAN Station at Kolo, Niger. Partici
sent to the same countries participating inwere 

pants included 28 millet scientists from Burkina
the 1984/85 evaluation program. 
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Faso, Cameroon, Chad, Gambia, Ghana, Ivory
Coast, Mali, Mauritania, Niger, Nigeria, andSenegal, as well as scientists from ISC and ICRI-
SAT Center.Sessions in the workshop focused on bothbasic and applied research on pearl millet. Par-ticipants expressed a need for further agroclima-
tological analyses to define drought probabili-
ties for locations in the region, for information 
on experimental designs and methods to over-come problems of field heterogeneity, and forresearch to determine isolation distances for var-ictal multiplication. Participants also expressed
satisfaction over the action taken by ICRISAT on the recommendations of the first Regional
Workshop held in 1984. 

Fourth Regional Workshop of the Eastern

Africa Sorghum and Millet Improvement
Network 

This workshop was held at Soroti, Uganda, 22-26 July 1985. Of the 45 participants, 24 werefrom the host country, and others came from
Burundi, Ethiopia, Kenya, Rwanda, Somalia,
Sudan, Tanzania, and the People's Democratic

Republic of Yemen. Invited participants fromoutside tile region came from Burkina Faso, 
India, UK, and USA. As in the past regional
workshops, almost all the participants were
active workers in sorghum and millet research.
Of tle 40 papers presented in the workshop, 20
dealt with different aspects of sorghum and
millet research in Uganda. Fourteen papers covering the sorghum and millet work in the other
 
eastern African countries were presented by

national representatives. Invited speakers covered

topics of special interest to the eastern 
 Africa
sorghum and millet workers, such as a retrospec-

tive review of the Serere sorghum and millet
work, problems and methods of pearl millet
breeding, sorghum nutrition and utilization,
sorghum disease control, QuelCea control strategies, stem borers, and intercropping. 

In addition to paper presentations and discus-
sions, participants visited the facilities and field
work of the Serere Research Station, selected 

district variety trial centers, and seed-multiplica
tion fields. 

The main recommendations of the workshop 
were: other disciplines besides breeding/agronomyshould be encouraged to participate fully infuture regional workshops; initiatives should betaken to assemble and document the traditional
knowledge on sorghum and millet use in eastern
Africa; at the next workshop, invited speakersshould cover Striga, sorghum entomology, anddrought resistance; and the mijor thrust of theexpansion of the eastern Africa sorghum andmillet regional program should focus on streng
thening tile national programs ofthe region. Theproceedings of this meeting are available from
the SAFGRAD/ ICRISAT ,egional Office, Nai
robi, Kenya. The Fifth Regi..nal Workshop willbe held in 1Burundi in July 1986. 

ICRISAT Center Millet Scientists' Day 

A pearl millet scientists' day was organized atICRISAT Center during the 2nd week of September. Thirty-fivescientistsattended, including
26 from the Indian national program, 7 fromprivate seed companies in India, and 2 from
southern Africa. Ten ICRISAT trainees from
various African countries also participated. This
 

'* 
-

An ICRISAT pearl millet breeder compares the pani
cle lengths of ICMH 501 and MBH 110 for the benefit
of visiting scientists from Zambia and Zimbabwe dur
ing the ICRISAT Center Millet Scientists' Day, 1985. 

4 
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was the first time that African scientis.s have The field technique to screen for seedling sur
participated in pearl millet scientists' days at the vival at the ISC will be further refined to increase 
Center. The 2-day program included visits to the screening precision and will be routinely used on 
fields where research in breeding, pathology, promising breeding materials. We plan addi
physiology, and microbiology was in progress. tional work on the infrared-Limp technique for 
The Genetic Resources Unit also organized visits seedling heat tolerance at both the ICRISAT 
to its fields where new and existing accessions Center and ISC, and will initiate selection for 
were being evaluated and multiplied. Partici- seedling heat tolerance in breeding materials. 
pants were invited to select materials from all the Research on the consequences of the dwarfing
fields they were shown, resulting in a large character on growth, yield, and environmental 
number of requests for seed (see International response of pearl millet will continue, with 
Trials and Nurseries section). The program con- experiments on reduced height and grain yield in 
cluded with a discussion on ways of evaluating hybrids, on the role of the modifier genes for 
possible seed production problems with new height, and on interactions ofheight and drought 
hybrids under consideration for release by stress. 
AICMIP. Research on the consequences of time to flow

ering on growth and yield processes should be 
completed in 1986, and we will continue our 

ICRISAT/SADCC Regional Workshop studies on the genetics of photoperiod response 
and the predictability of time to flowering in 

An ICRISAT/SADCC workshop took place hybrids from parental data. 
from 21-27 September, at Gaborone, Botwana. 
This was tie second such workshop; it brought Pathology. Studies on the pathogenic variabil
together more than 30 scientists, working on ity among populations of downy mildew and 
sorghum and millet improvement in the SADCC smut pathogens in progress and willare con
region, to discuss their programs. There were tinue. We will initiate studies on the mechanisms 
participants from Botswana, Lesotho, Malawi, of resistance for rust and continue those on 
Tanzania, Zambia, and Zimbabwe, as well as downy mildew and ergot. Selected pearl millet 
scientists from ICRISAT Center and from the lines will be used to study host variability to 
Inte; national Development Research Centre support production of oospores and sporangia
(IDRC), Canada. of the downy mildew fungus in diseased tissue. 

The meeting featured reports by scientists Field measurements of environmental factors 
from each country on results of both national affecting the epidemiology of downy mildew will 
and regional trials, including selected trials supp- be made at ICRISAT Center and ISC in an 
lied from ICRISAT Center. Varieties originat- effort to increase the reliability and efficiency of 
ing from ICRISAT are in advanced tests in screening for resistance to this disease in the 
Zambia and Zimbabwe, and WC-C75 is in a field. Studies on the biology and epidemiology 
prerelease stage in Zambia. of rust will continue. 

Screening breeding materials for resistance to 
downy mildew, smut, ergot, and rust will con-Looking Ahead tinue at ICRISAT Center, as will screening for 
resistance to downy mildew and smut at ISC. In

Physiology. We will begin to shift the work on collaboration with breeders at ICRISAT Cen
selection for drought resistance from the status ter, efforts will continue to transfer resistance to 
of an experimental project to a part of the regu- downy mildew, ergot, smut. and rust into spe
lar ICRISAT Center breeding program, with an cific breeding materials, as will our studies on the 
emphasis on selection for the ability to set and resistance heritability to these diseases. 
fill grain in a terminal drought situation. Research efforts , ISC will be intensified to 
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establish effective and reliable disease nurseries 
for resistance screening of breeding materials, 
Preliminary trials with a limited number of gen-
otypes will be conducted to evaluate the degree
of available resistance to Striga hermonthica. 
Collaborative linkages initiated in 1985 with 
several West African countries will continue, 
with the objective of establishing cooperative 
research projects in the future. 

Entomology. Priority will be given to the deve-
lopment of appropriate diets for mass rearing
the stem borer (Acigona ignefusalis) and the 
earhead caterpillar (Raghuva albipunctella);so 
that we can artificially infest plants in the field 
for varietal resistance screening. Survey studies 
initiated in 1985 for parasites and predators of 
both these pests will continue in collaboration 
with the Commonwealth Institute of Biological 
Control. Our studies on diapausing populations
of R. albipunctellawill also continue, 

Microbiology. Inoculation trials with nitrogen-
fixing bacteria will be continued inder both 
greenhouse and field conditions. Since we have 
been able to standardize the ELISA technique in 
the laboratory, we will attempt to use this tech-
nique in pot and field experiments to study the 
persistence of inoculated, nitrogen-fixing bacteria, 

We will continue selecting forefficient nitrogen-
fixing associations between plant genotypes and 
bacterial strains in the laboratory, and those 
selected genotypes and bacteria will be evaluated 
for plant growth and nitrogen fixation in the 
greenhouse and the field. 

Measurement of nitrogen fixation by pearl 
millet will continue by the Kjeldhal method and 
possibly by natural 15N abundance methods. 

We will continue screening plant genotypes 
and VAM strains for improved plant growth and 
phosphate uptake in response to inoculation 
with VAM. 

We will begin work on the development of 
serological techniques to identify VAM by a less 
laborious method than the conventional method 
using morphological distinction, 

Following our investigations of mycorrhizae
in West Africa in 1985, we will conduct field 

experiments there to improve plant growth and 
phosphate nutrition by manipulating local VAM 
species. 

Grain and food quality. Endosperm starch 
quality ofseveral millet genotypes will be studied 
and the relationship between starch quality and 
t6 quality determined. Studies on q-ality char
acteristics of other African foods such as uji (thin 
porridge) and couscous prepared from millet 
will be initiated. 

Breeding at ICRISAT Center. Our genetic 
diversification project will look increasingly to 
Africa as a source of new variability. Improved 
lines, disease resistant and capable of surviving 
in hostile environments, with large panicle volume 
and seed size are being produced in large numbers 
by our colleagues in Africa. 

In the male-sterile breeding project we will, in 
the next 2-3 years, be using rapid generation 
advance to produce the first male-sterile lines in 
which selection for combining ability isan inte
gral part of the breeding scheme. 

In the pollinator project we will continue to 
enlarge and improve the restorer collection. We 
expect an increasing number of lines in the col
lection will be derived from composites from the 
population improvement project. 

In varietal breeding, the merging of old corn
posites and the creation of new ones will actively 
continue. We expect that the smut resistance of 
all the composites will improve over the coming 
years. In the synthetics project, African as well as 
Indian elite material will be used as parents, and 
a range of breeding methods tried and tested. 

We will continue to conduct IPMAT, partici
pate in the ,ICMIP testing system, and distrib
ute trials, nurseries, and breeding material world
wide. 

Progress has been made in computerizing the 
documentation of the breeding program, and in 
the coming years we will increasingly use micro
computers to handle our data and aid selection, 
particularly in the population improvement and 
pollinator projects. 

Breeding activity in the African programs. Two 



Pearl Millet 137 

additional breeders will be added to the ISC 	 ICRISAT(international Crops Research Institute for 
the Semi-Arid Tropics). 1985. Pearl millet varietyMillet Improvement team in 1986. This will 

expand the scope of research into the improve- ICMV 3. Patancheru, A.P. 502 324, India: ICRISAT. 

ment of millets for the Sudanian zone (700-900 ICRISAT(International Crops Research Institute for 
mm annual rainfall) and assist in enlarging our the Semi-Arid Tropics). 1985. Pearl millet male
cooperative activities in the region. sterile line ICMA I and maintainer line ICMB I. 

At ISC, breeding material that has been Patancheru, A.P. 502 324, India: ICRISAT. 

generated will be used to produce varieties and ICRISAT (international Crops Research Institute for 
source populations. Recurrent selection will be the Semi-Arid Tropics). 1985. Pearl millet male
initiated in the ISC Composite 851 after several sterile line ICMA 2 and maintainer line ICMB 2. 
cycles of random mating. Efforts will be increased Patancheru, A.P. 502 324, India: ICRISAT. 
to both evaluate new hybrid combinations and ICRISAT(International Crops Research Institute for 
convert inbred lines into male steriles. Multilo- the Semi-Arid Tropics). 1985. Pearl millet male
cational evaluation and selection of breeding sterile line ICMA 3 and maintainer line ICMB 3. 
materials generated by the ISC program will be Patancher,, A.P. 502 324, India: ICRISAT. 
expanded and seed exchange with the national ICRISAT (International Crops Research Institute for 
programs will continue, the Semi-Arid Tropics). 1985. Pearl millet male-

Three varieties produced by the ICRISAT- sterile line ICMA 4 and maintainer line ICMB 4. 
Burkina Faso Program (IKMP 2, IKMP 3, and Patancheru, A.P. 502 324, India: ICRISAT. 
IKMP 5) will be evaluated in on-farm trials and 
the improvement of IKMP 4 and RP 1004 will 
continue. It is hoped that two early-maturing Journal Articles 
varieties, IKMV 8201 and IKMC I, identified 
for late planting situations, will receive serious Alagarswamy, G., and Bidinger, F.R. 1985. The 

influence of extended vegetative development and d2consideration for general cultivation in Burkina 
dwarfing gene in increasing grain number per panicleFaso. 

In Sudan, the Bristled Population-A and and grain yield in pearl millet. Field Crops Research
11(2,3): 265-279. on-

Ugandi will be used in researcher-managed, 


farm trials in North Kordofan Province. Two Andrews, D.J., Gupta, S.C.,and PheruSingh. 1985.
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25(1): 199-200.selected for multilocational yield evaluation trials. 
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CHICKPEA
 

Although most of the world's chickpea produc-
tion and consumption (>70%) is in India, this 
crop is of importance in many countries in Asia, 
Africa, Europe, and the Americas. Two main 
types of chickpea are commonly grown, desi and 
kabuli. Desi chickpeas, which are generally 
small-seeded with a brown seed coat, are most 
commonly grown in India. They arc mainly used 
as flour, which is consumed in a variety of food 
preparations, or as dhal (decorticated, split 
seeds). In some countries, such as Mexico, desi 
chickpeas are also important as animal feed. The 
kabuli chickpeas generally have large seeds with 
thin, beige or light cream colored seed coats, 
These are more often consumed whole in a vari-
ety of preparations throughout the world, or as a 
paste, particularly in Wcst-Asian countries. As 
the kabuli types are of particular importance in 
countries in the Mediterranean region, most of 
out research on these types is centered at the 

International Center for Agricultural Research 
in the Dry Areas (ICARDA) in Syria. 

Our principal objective is to develop improved 
cultivars and genetic stocks capable of higher 
and more stable yields in all types of cropping 
systems. 

During the 1984/85 cropping season our 
activities continued at four main locations, ICRI-
SAT Center (18'N, 780E, 764 mm mean annual 
rainfall) on short-duration desi types; Hisar 
(29' N, 750 F, 450 mm annual rainfall) in coop
eration with I-laryana Agricultural University 
(HAU) on long-duration dcsi and kabuli types; 
at Islamatad, Pakistan (34' N, 730 E, 1116 mm 
annual rainfall) in cooperation with the National 
Agricultural Rcscarch Center (NA 1,C); and at 
Aleppo, Syria (36' N, 370 F, 340 mm annual rain
fall) in cooperation with ICARDA. 

Our subsidiary testing centers include Gwalior 
(260 N, 780 E) in central India and, for off-season 

Indian farmer threshing chickpea by the traditional method. 
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advancement and multiplication, Tapperwari-
pora (340 N, 751E) in Kashmir, northern India,
Sarghaya (361N, 36OE) in Syria, and Terbol
(340 N, 360 E) in Lebanon. Our materials are also
tested at numerous other locations in many
other countries by national scientists and we
gratefully acknowledge the contributions of such 
cooperators. 

Physical Stresses 

We are concentrating our research efforts on
physical stresses such as drought, salinity, and
cold stress that limit chickpea yield. Drought isa
majorconstraint to chickpea yield in central and
southern India, and soil salinity is an increasing
problem in irrigated areas where fields are
inadequately drained. Low temperatures inhibit
pod set in northern Indian winters. This year we 
report some of our work on drought and salinity
tolerance. 

Sowing Depth 

Farmers tend to adjust sowing d,-pth so that
seeds are placed in moist soil to ensure germina-
tion. rhe generally observed deeper-sowing tech-
niques and lower nodulation in farmers'fields in
comparison to those on research stations have 
led us to postulate that deep sowing adversely 

Table 

affects nodulation. To test this, we conducted
field trials in the 1981 postrainy season and again
in 1984 forconfirmation. Changes in the nodula
tion patterns due to sowing depth were similar in
both years, although the extent of nodulation 
differed greatly between years and seemed to be
related to the soil-moisture content at sowing.
We report here the results obtained in the 1981 
postrainy season.Two chickpea cultivars, K850 and Annigeri,
were sown at 5-cm and 10-cm depth in a Vertisol,
2 days after it was irrigated. Deeper-sown seedstook 2 days longer to emerge and had lower total
nodule numbers, mass, and acetylene-reduction
activity (ARA) when sampled 37 days after sow
ing (DAS) (Table 1). These parameters were
usually greater for the superior-nodulating cultivar K 850 than for Annigeri on all the three
sampling dates. The interaction between sowing
depth and cultivar was significant at P<0.05for
nodule number and mass but not for ARA. 

Plants sown 10-cm deep formed epicotyl roots 
and nodules but those sown 5-cm deep did not
(Fig. I). The epicotyl region of deeper-sownplants contained a substantial proportion (33
45%) of the total nodule number and mass.Formation of epicotyl nodules seems to depend
largely on moisture availability in this zone dur
ing the early stages of plant growth and this
formation may not occur if moisture is below a
critical level. This is being investigated in subse
quent studies. 

I. Effect of sowing depth on nodulation and N2 fixation by chickpea at 37 days after sowing (DAS),
ICRISAT Center, postrainy season 1981. 

Nodule number plant-' Nodule mass (mgplant-') ARA' (pumC2 H 4 plant-' h-I)Cultivar 5 cm 10 cm Mean 5 cm 10 cm Mean 5 cm 10 cm MeanAnnigeri 10 7 8 30 13 22 1.26 0.38K 850 0.8220 II 15 55 20 37 1.59 0.54 1.06SE ±0.7 ±0.5 ±7.9 ±5.6 ±0.468 ±0.331
Mean 15 9 43 16 1.42 0.46 
SE ±0.5 ±5.6 ±0.331 

I. ARA = Acetylene-reduction activity. 
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ligtire I. Effect of ,isigindeplh n epict I roots aind ilolollin if chicklpea gveut. jit K 850 the deelper-,,l ni 
planl (left) rotos that are absent from it halth i, -,,31% pniut (right), Rl( ISAI Chas,nihllaljt lti)ictloll 
 (enter.

i1985. 

ifs oh\ ilouslv Sok to en.suIre 
plant stand whcn a chickpca crop is Urown oM 
residual soil moisture., lo c\,Vr, if the It1s1tni 
lncalrthe surf ace is sulficiCnt to CMurea good 
plant stand, shllolw sowiig is prCfCrablc to max-
inli/c nodulatioti and nitrogent lixation. lhl 
effects of sowing depth oilnodulation as dcs
cribed here may be typical of \"crtisotls w\here 
about 90t of the total nodules arC lormed in the 
top 15 cm of the soil pro ile. In lgli so sil,uch 
as ]:+ntisols, substantial nodule development has 
been obscrvcd to a depth ol at least 30 cm. 

ar r deeI a good 

Screening for )rought "olerat: 

In 1984/85, genotypes previously found to be 
either tolerant or susceptible to drought in 

eXpI'CIllntson .\Ilfisolk %kcrc grit oilVeltisols 

differin inIsoil depth and therclore in water
holding capacity. In general, thosc geunotypcs 
lple iously sho\n to he iclativelh tolerant, such 
as IC 4958,. also pcrformcd best under limliting 
soil-mois1,tmC conditions onll\rtisols. 

Screening for Salinity Tolerunce 

Chickpea is MticUlarl seliti\c t saline condi
tions and \%c la\c thercl orc beCn trying to idcn
tifv salt-to)lcranit ge iotYl s.Wc ha\c developed 
both pot and field techniqlUe.s to screen for.salill
it,,tolerance. II tile 1) 1 techiii+LC,i)plantS arc
 

grown in thlC grCCnhousC under a ;nllge of' soill
salinity levels, Created by addilggraded levels of' 
a salt mixturc rcprC.nCtativt oft hicsalt composi
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tion of naturally saline soils (Fig. 2). In the field 
technique, rows of genotypes are grown across 
natural salinity gradients in the field and dry 
matter or seed yield obtained in 2-m sectors is 
regressed against electrical conductivity (EC) in 
the 0-30 cm soil horizon in each sector. 

In both pot and field tests, dry matter declined 
linearly with increasing salinity level. The decline 
was steeper when soil moisture was optimum for 
plant growth. However, the level of soil salinity 
at which a 50% reduction in dry matter (3.3 m 

-mhos c-1) or yield (2.5 m mhos cn 1)occurred 
was the same whether soil moisture was opti-
mum or deficient. Seed set was prevented at a 

-higher-salinity level (4.5 i mhos cn 1)than that 
causing a 50% reduction in shoot mass, again 
irrespective of the soil-moisture status. How-
ever, the large variances associated with the field 
technique make it impracticable for large-scale,
genotypic comparisons. The pot technique is 

jQ-1I. JG-74 

itFL 

preferable for these, and we have shown that 
similar results are obtained in pots and in the 
field. 

Biotic Stresses 
Diseases 

Disease Situation in Chickpea 

Ascochyta blight (Ascochyta rabie) that has 
caused substantial crop losses in northern India, 
Pakistan, and West .Asia in the past few years did 
not widely occur in 1985. In Syria, the dry condi
tions even made it difficult to artificially create a 
sufficient level of disease in the ascochyta blight 
screening nursery. Stunt caused by pea leaf-roll 
virus was more serious in northern India than in 
previous years- limited surveys around Hisar 

1-74JG-4JQ7 .10-74J-7 

Ito GAP7 

FIELDCAPACITI 

Figure 2. Effect of interaction between soil moisture and salinity on the growth of chickpea cullivar JG 74 in pots 
in a greenhouse, ICRISAT ('enter, 1984/85. 
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revealed about 10% incidence in farmers' fields. Indian cultivars of short, medium, and long 
In the lowland regions of Nepal, botrytis gray duration. 
mold (Botrytis cinerea)was observed more fre- At ICRISAT Center, we screened 32 F2popu
quently than other diseases. The incidence of lations and 460 F3 progenies in a wilt sick plot 
wilt (Fusarium oxysporum f.sp ciceri) and dry and selected 512 single plants. We evaluated 
root rot (Rhizoctonia bataticola)was similar to 1882 F4 and more advanced-generation lines/ 
that in previous years. bulks for their agronomic characteristics in 

normal plots; 761 single plants were selected for 
further progeny tests and 23 lines of short- and 

Fusarium Wilt (Fusariumoxysporumn f.sp cicer) 42 of medium-duration were bulked for repli
cated yield tests in the next pos' rainy season. We 

Screening for resistance. We continued to screen also compared 207 wilt-resistant desi and kabuli 
large numbers of germplasm accessions and lines in replicated tests and contributed 19 lines 
breeding lines for wilt (F oxysporum f.sp ciceri, with higher seed yields than the controls to the 
race 1)resistance in a wilt sick plot, where the International Chickpea Screening Nurseries 
susceptible control (JG 62) sown after every two (ICSN). 
test rows showed 100% wilting. Of the 512 new At Hisar, we screened 31 F2 populations and 
germplasm accessions screened, 60 had less than 37 F, progenies in wilt sick plots and selected 368 
20% wilt incidence. These will be retested. single plants. We evaluated 1318 F4 and more-

We retested the 16 lines that were found prom- advanced-generation progenies in normal fields 
ising in the field screening in 1984 in the wilt sick and selected 577 single plants and 58 lines for 
plot. Only three lines, ICC 1569, 12263, and further tests. Out of 140 lines tested in replicated 
12408, were found resistant. These will now be yield trials, 20 were contributed to the ICSN 
screened in pots, to finally confirm their resistance. (long duration) and two to International Chick-

In ICRISAT Annual Report 1984, p. 135, we pea Cooperative Trials (ICCT, long duration). 
reported that our germplasm collection had a Seed yields of the most-promising lines in preli
total of 128 wilt-resistant lines. This year we minary and advanced yield trials are presented in 
confirmed resistance of 14 more lines; ICC 859, Table 2. 
933, 1234, 1246, 1987, 3457, 3536, 4348, 4436, 
4490, 4579, 5186, 5535, and 6027, tius bringing Inheritance studies. The allelic composition of 
the total to 142 lines with confirmed wilt resis- the late-wilting cultivars Radhey and GW5/7 
tance. was found to be diffeient from that of the late-

A large amount of breeding material, includ- wilting K850, C 104 and H 208. The proportion 
ing 42 F2 populations, 776 F3 and 522 F4 progen- of resistant plants in the F2 of the cross JG 62 x 
ies, and entries included in international nurser- P 165 was higher than that of earlier crosses 
ies and trials, was screened in a wilt sick plot. A between susceptible and resistant parents. This 
total of 726 single plants and two bulks were suggests that different genes confer resistance in 
selected for further use in the breeding program. different genotypes. These studies have a bearing 

ICCC 32, a kabuli cultivar developed at on the selection of suitable resistant parents for 
ICRISAT Center earlier observed to be resistant breeding programs. 
to race I of F oxysporum f. sp ciceri,was also 
found to be resistant to race 4. Effects Gf soil solarization. Soil solarization is 

a technique that involves covering the soil with 
Breeding for resistance. We made 34 crosses transparent polythene sheets during summer, to 
between wilt-resistant and short- and long-dura- increase soil temperature. It has been primarily 
tion, desi and kabuli cultivars. We also made 10 used for the control ol soilborne pathogens but 
backcrosses to transfer wilt resistance to ILC has other beneficial effects on subsequent crop 
482, ILC 484, K 850, L 550, and othei released growth as well. We evaluated this technique for 
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Table 2. Seed yields (kg ha -') of the higlest-yie!ding,
wilt-resistant desi chickpea lines in trials, Hisar,
1984/85. 

Seed yield
relrinarLine/eultivar (kg ha-1)(kgias 


Preliminary trials 

Trial I 


ICCX 74167-1H-I H-BH-I H-BH 3660

ICCX 790462-7H-I H-BH 3120

Control 

H 208 
 2130 


SE ±328 

Trial mean (25 entries) 2660 


CV(%) 21 

Trial 2 


ICCX 750736-15H-3P-
 P-IH-BH 340 

ICCX 750736-19H-13P-1 H-I 
 H-H 3340
ICCX 751239-5H-1-2H-1IwH 3310 


Control 
H 208 
 2860
 
SE ±303
 
Trial mean (25 entries) 2770 

CV(%) 19 


Trial 3
 
ICCX 750798-12H-BP-I P-114-I H-BH 

ICCX 760718-2P-IP-RP3-H 

3800
 
3650


ICCX 760718-31-1 P-P--H 3500 


Control
 
H-208 
 2770 


SE ±290
 
Trial mean (25 entries) 2970 


CV(%) 17 


Advanced Trial 

ICCX 75 0736-4 H-I P-BP-I H-I H-BH 3020 

ICCX 771147-RP-3H-BH 2550 

ICCS 740132-B-4H-l H-I P-BP-BH 
 2520 

Control 
H 208 
 1730 


SE ±308 

Trial mean (36 entries) 2070 

CV(%) 
 26 


its effects on chickpea, particularly in relation to 
control of fusarium wilt in a multidisciplinary 
experiment during 1984/85. 

The experiment was laid out in a wilt sick 
Vertisol plot in a split-plot design. Irrigation andno-irrigation treatments prior to solarization 
were the main plots and factorial combinations 
of with and without solarization and wilt-resistant 

(JG 74) and susceptible (ICCC 4) chickpeageno
types were the subplots. The subplot size
6 m x 6 

was
 
m and there were six replications. The


soil solarization treatment was applied from 17
April to 4 June 1984 and the crop was sown on 2
November 1984. Solarization increased the tem
perature in the 0-5 cm soil profile by more than 
10°C during the day. 

Solarization treatment permitted yields of awilt-susceptible cultivar similar to those of a 
resistant cultivar in soil where susceptible culti
vars are normally severely damaged by wilt (Fig.3). Solarization reduced Fusarium propagules 

To1 TOM SE ±80 
1200 SQQd ylQld 5E ±37 

0 900
 

CQ 6
600

" 
r0 300
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Figure 3. Effect of solarization (+S = solarized, -Snonsolarized) and irrigation (+1 = irrigated, -1=nonirrigated) at the time of solarization on seed yield and 
total dry matter (TDM) of wilt-susceptible (ICCC 4)and wilt-resistant (JG 74) chickpea genotypes on aVertisol, ICRISAT Center, postrainy season 1984/85. 
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by approximately 90%. There was more than ed a 3 rating (highly resistant) on a 1-9 scale. 
90% mortality of ICCC 4 due to wilt in nonsolar- Thirteen lines showed a 5 rating (tolerant). They
ized plots at maturity, but the wilt incidence in were ICCL 81297, 82001, 83002, 83005, 83007,
solarized plots with irrigation was only 10%. 833 12, 833 13, 83316, and 83320,ICCC 3, 21, and
Although solarization treatment did not signifi- 24, and ICC 11314. 
cantly affect the above-ground biomass of the 
resistant cultivar, it marginally, but significantly, Inheritance studies. We have started to inves
increased seed yield. We found that solarization tigate the genetics of inheritance of resistance to
suppressed weed growth and nematode popula- dry root rot (R. bataticola).F,, F1, and F., pro
tions and enhanced mineralization of soil nitro- genies of the cross between resistant C 104 and 
gen; however, we are yet to establish the causal susceptible P 165 were screened by using the
factor enhancing the yield of the resistant cul- blotting-paper technique. Our preliminary obser
tivar in solarized plots. We also found that solar- vations suggest that resistance to dry root rot is
ization resulted in a 10-fold reduction in native due to a single dominant gene and hence, it 
chickpea Rhizobiumpopulations and that nodule should be relatively easy to breed for resistance. 
number and mass were less in solarized plots at 
47 DAS. However, plants in solarized plots
obviously recovered from this early inhibition of Botrytis Gray Mold (Botrytik cinerea)
symbiotic nitrogen fixation (Fig. 3). 

Breeding for resistance. We screened 43 F4and 
37 F5 populations of crosses between botrytis-

Other Soilborne Diseases resistant lines and adapted cultivars, and selected 
337 single plants whose agronomic characteris

Wilt-resistant germplasm selections, breeding tics will be evaluated in progeny rows in this 1985 
lines, and lines received from our cooperators in postrainy season. 
India were screened at ICRISAT Center in a 
multiple soilborne disease infested plot contain
ing the following pathogens, in order of preva- Ascochyta Blight (Ascochyta rabiei)
lence: F. oxysporum f.sp ciceri, Rhizoctonia 
bataticola,Sclerotium rolfsii, Fusarium solani, Breeding for resistance. We made 27 crosses
and Rhizoctonia solani between ascochyta-resistant parents and long-

Eight wilt-resistant lines showed less than 10% duration high-yielding cultivars. Twenty-four
mortality due to wilt and root rots for 3 consecu- F, populations from earlier crosses were screened 
tive years. Their resistance to wilt was confirmed in the joint HAU/ICRISAT ascochyta blight
through pot screening in a greenhouse. screening nursery at Hisar and 126 single plants

Three wilt- and root rot-resistant lines, ICC were selected. We evaluated 830 F4 and more 
1403, G 130 (Sel-6), and ICCX 7320-1 1-l-i-BH- advanced-generation progenies/ bulks and selec-
EB showed some resistance to Heliothisarmigcra. ted 225 single plants and II lines for further tests. 

Dry Root Rot (Rhizoctonia bataticola) Stunt (Pea Leaf-Roll Virus) 

Screening for resistance. Ablotting paper tech- Screening for resistance. In the stunt nursery
nique (Chickpea Diseases: Resistance Screening at Hisar, the incidence of stunt disease in the
Techniques, ICRISAT Information Bulletin no. susceptible control (WR 315) averaged 71% 
10) is being used to identify resistance to dry root (range 50-98%). Only two (ICC 2546 and 3735)
rot (R. bataticola).This year 287 advanced lines of the 23 germplasm selections tested showed 
were screened. Only one line, ICCL 79063, show- less than 30% incidence. One ascochyta- and 
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botrytis-tolerant selection (ICC 8383) showed cyst nematodes (Heteroderacajaniand Hetero
less than 20% stunt. Of the 10 selections from the derasp), the lance nematode (Hopiolaimussein-
International Chickpea Root Rots/ Wilt Nursery horsth), the lesion nematode (Pratylenchussp), 
(ICRRWN) that had previously shown reduced the reniform nematode (Rotylenchulus renifor
susceptibility to stunt, only one, ICC 10466, mis), spiral nematodes (Helicotylenchusindicus 
showed less than 20% stunt this year. Of the 157 and H. retusus), and the stunt nematode (Tylen
accessions/lines with tolerance to botrytis gray chorhynchus sp). 
mold only one (ICC 3375) showed less than 10% A cyst-nematode (Heteroderasp) population 
stunt and 4 (ICC 3612, 3668, 3798, and 4203) was encountered in the chickpea multiple soil
showed less than 20% stunt. Of the 61 entries of borne disease nursery located on a Vertisol. This 
the 1984/85 ICSN (desi, medium-duration) that species differed from other cyst nematodes re
were tested, one line, ICCL 84306 showed less ported on chickpea. Nematode larvae emerged 
than 20% stunt, from cysts when placed in the root exudates of 10 

to 15-day-old chickpea (Annigeri) seedlings.
Breeding for resistance. We made five crosses Unlike the pigeonpea cyst nematode (H. cajam), 
between stunt-resistant gcnotypes and adapted there was no larval emergence in distilled water. 
cultivars, and screened 167 F, and more-ad
vanced-generation progenies in the stunt nursery 
at Hisar. Twenty-three promising lines were 
bulked for a replicated trial and 143 single plants 
were selected for progeny testing. We also com
pared 46 lines in replicated yield tests and con- 

tributed the six most-promising lines to the " "
 
'
ICSN (long-duration). 

Phyllody 

At present phyllody, characterized by bushy 
growth and green, leaf-like flowers, is not a 
serious disease. However, itis more prevalent in . . 
some areas than in others in certain years. Since 
mycoplasma-like organisms are associated with 
the phyllody diseases of several plants, we proces 
sed phylloid and healthy chickpea tissue for 
ultrathin sectioning. With the aid of an electron 

'
microscope, we were able to observe spherical, +" 
polymorphic bodies, typical of mvcoplasma-like 
organisms in the phloem of phyiloid tissue (Fig. 
4); no such bodies were seen in the sections from ___i 

healthy tissue. 

Nematode Diseases , 

Figure 4. Ultrathin section of leaf from chickpeaWe were able to confirm the presence of several plant with phyllody symptoms, showing mycoplasma
parasitic nematode species in Vertisol fields like bodies in the phloem (electron micrograph, bar 
under chickpea at ICRISAT Center. These were: length represents 0.2 jum), ICRISAT Center, 1985. 
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Multilocational Testing for Disease Resistance ces of durable resistance. 

Germplasm accessions and breeding lines found International Chickpea Root Rots/Wilt Nursery 
resistant to wilt, root rots, and stunt at ICRI- (ICRRWN) 1977-82. We analyzed results of 
SAT Center were tested at other disease-endemic the nurseries that were grown over a period of 6 

locations to identify lines with broadbased resis- years (1977-82). Atotal of 330 entries were tested 

tance, and also to share the seed of resistant at 28 locations in 12 countries. Except at one of 

materials with the national programs. We tested the two locations in Mexico, wilt-resistant lines 

for wilt and root rot resistance in two coopera- were identified at all locations. Lines such as 

tive disease nurseries. The nursery operated in ICC 2862, 9023, 9032, 10803, 11550, and 11551 

India, the ICAR / ICRISAT Uniform Chickpea were found resistant in at least II locations. 
Wilt and Root Rots Nursery (IIUCWRRN), was Some lines werc found resistant to wilt and root 
jointly organized by ICRISAT and ICAR. The rots over a period of at least 3 consecutive years 

nursery operated outside India was the Interna- at some locations. Examples are: ICC 267 at 
tional Chickpea Root Rots/Wilt Nursery (ICR- Berhampore and .Jabalpur; ICC 858 at Hisar, 
RWN). L.udhiana, and ICRISAT Center; ICC 2883 at 

ICR ISAI Center; ICC 3103 at ICRISAT Center 

ICAR /ICRISAT Uniform Chickpea Wilt and and .abalpur; ICC 2083 and 3439 at Jabalpur; 
Root Rots Nursery (IIUCWRRN) 1985. Tiiis ICC 102,434, 1910,6366,6455, and 6926, ICCC 
nursery was initiated during the 1981-82 post- 10, and ICCX 80004 in Ethiopia; ICC 8933 in 
rainy season, to test chickpea lines identified as Mexico; and ICC 267, 519, 858, 2566, 2660, and 
resistant to wilt and root rots by ICRISAT and 3439 in California, USA. 
the Indian national program. During 1985, 55 
resistant lines and a susceptible control, JG 62, 
were tested at 21 locations. Good screening for Breeding for Multiple Disease Resistance 
wilt- and root rot-resistance was only achieved at 
nine locations--Berhampore, Diahod, Dholi, Wilt and root rots. We evaluated 215 F 4 pro-

Gurdaspur, Hisar, ICRISAT Center, Ludhiana, genies from plants selected in the multiple soil-
Pantnagar, and Sehore. No line was resistant at borne disease screening nursery at ICRISAT 
all locations, but some were resistant (< 10% Center in the previous season, and selected 89 
mortality) at each of these nine locations, except single plants for further tests. 
Pantnagar. Nine lines, ICC 2664, 6815, 9127, 
10384, 10630, 10809, 11224, 11314, and 11324 Wilt and ascochyta blight. We made 25 three
were resistant at six locations, way crosses between wilt- and ascochyta blight 

resistant parents and high-yielding cultivars. 
ICAR/ICRISAT Uniform Chickpea Wilt and Seventy-nine F2populations from earlier crosses 

Root Rots Nursery (IIUCWRRN) 1982-84. were screened in the wilt sick plot at Hisar and 
We recently analyzed the results of the nurseries over 1000single plants were selected. We screened 
that were grown during 1982-.4. We evaluated 10 F3 and 2 F4 single-pod descent bulks in the 
226 entries at 14 locations in India. Lines resis- joint HAU/ICRISAT ascochyta blight-screening 
tant to wilt were identified at all tqie locations nursery and selected nearly 200 single plants for 
except Varanasi. Through this nursery, 18 lines further tests. 
resistant to wilt and root rots at 8to 10 locations 
in India were also identified. These were ICC Wilt and stunt. We made 57 three-way crosses 
554, 2354, 2450, 2858, 2862, 4847, 4850, 6474, involving will- and stunt-resistant parents, and 
6570,6816,9023,9032, 10823, 11088, 11550, and adapted long-duration cultivars. Five F2 popula
11551, and ICCL 80001 and 80002. Lines with tions were screened in the wilt/stunt nursery at 

such broad-based resistance could serve as sour- Hisar and 190 single plants were selected. 



150 Chickpea 

Ascochyta blight and stunt. We made two 
crosses ard screened 10 F2populations and 242 
F3 progenies in the ascochyta blight screening 
nursery at Hisar; 355 single plants were selected 
for further tests. 

Ascochyta blight and botrytis gray mold. At 
Hisar, we compared 69 F4 bulks in two repli-
cated yield trials and selected the 20 most-prom-
ising bulks for single-plant selection in 1985/1986.
We also evaluated 546 F, progenies for yield and 
selected 106 single plants and 47 lines for further 
tests. 

Of the 106 lines received from l.udhiana, India 
that were tested in a greenhouse for combined 
resistance to blight and gray mold, only 2 lines(GL 84125 and GI 84210) showed tolerant reac-
tions (ratings of"6 to both diseases on a 1-9 scale). 

Ascochyta blight, wilt, and stunt. We made 16 
three-way crosses and grew 15 F, populations in 
tile wilt/stunt 'trseryalHisar, 66) single plants 
were selectcd so that their progenies could be 
screened against ascochyta blight, 

Ascochyta blight, wilt, stunt, and botrytis gray
mold. We screened 10 F, populations in the 
wilt/stunt nursery at Hisar and selected 376 sin-
gle plants for screening against ascochy a blight
and botrytis gray mold. 

Ascochyta [)light, wilt, root rots, stunt, and 

botrytis gray mold. 
 We made 10 crosses to 

combine resistance to all five diseases, 


Insect Pests 

Pest incidence. As in all previous years, the
pod borer (Hcliothis armigera) was the most-
damaging pest on chickpea in all areas that were 
visited. Although the populations of this insect 
were greater in 1984-85 than in the previous year, 
they did not reach the high levels recorded in 
some earlier years. Populations of' H. arinigera
moths are monitored at ICRISAT Center and at 
several other locations in the subcontinent, by
pheromone and ligh! traps. )etails of'such mon-

itoring are presented in the Pigeonpea and 
Resource Management sections of this report.
Other lepidoptera including thecutworms(Agro
tsspp) and the foliage and pod feeders (Spodop
tera exigua and Alutographa nirisigna)were 
also reported as minor and localized pests in
India. Aphis craccivora, the vector of pea Ical
roll virus that caises stunt disease in this crop, 
was less common than in the previous year. In 
West Asia and in the Mediterranean region, the 
leaf miner (Liriotlnva Lc'icrinla) is tile most
damaging pest in most years. 

Heliothisarmigera 

Host-plant resistance. New germpl-ism acces
sions were not screened this year as our available 
resources were concentrated upon screening
breeding materials, particularly the progenies of' 
crosses involving Heliothis-resistant selections. 
Our resistant selections again proved to be out
standing in pesticide-free trials. Table 3 shows 
the consistent records of the relative resistance/ 
susceptibility of' some of our short-duration desi
selections in trials at ICRISAT Center from 
1979 to 1985. One of'our meditim-duration desi 
selections (ICCX 730008-8- 1-11)-B3P) performed
particularly vell in multilocational tests across 
India over the last 3 years ani has been selected 
as a parent for the national crossing program.

Unfortunately, since most resistantof our 

selections have been found to be very susceptible
 
to fusarium wilt, they cannot be used in areas
 
where this disease is common. We are collabo
rating with breeders and pathologists to make
 
crosses and select from the progenies plants that
 
combine resistance to both H.a'ilig'raandfus
arium wilt. 

We have intensified work in ,crecniing geno
types for resistance to H. arnigra at Hisar, as 
the resistant genotypes selected at ICRISAT 
Center are not well adapted to the climatic con
ditions of northern India. 

Mechanisms of resistance. In field and labora
tory tests, to study the mechanisms of resistance, 
we measured differences in oviposition, in larval 
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Table 3. Pod damage (%) and relative resistance ratings of short-duration, desi chickpea genotypes selected for 
resistance or susceptibility to Heliothis armigera in trials at ICRISAT Center, 1979-85. 

1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 

PD RR 2 P1) RR PD RR PD RR PD RR PD RR 

Genotype 
ICC 506 6 3 4 3 5 3 7 3 12 3 I 2 
ICC 6663 4 3 10 4 4 3 12 3 4 3 9 4 
ICC 10667 6 3 6 3 8 4 14 3 3 2 2 2 
ICC 10817 6 3 8 3 7 3 16 4 19 4 2 2 

Controls 
Annigeri 16 6 20 6 15 6 29 6 29 6 15 6 
ICCX 730266 
(Susceptible) 23 9 23 6 15 6 33 8 30 6 19 7 

1.P) Pods damaged by II. arinigera (%). 
2. RR = Resistance rating in reha tion to the control where I no damage. 6 = control, and 9 =highly susceptible. 

retention and in larval growth rate on resistant damage percentages of resistant and susceptible 
and susceptible genotypes. In general, larvae genotypes when they were grown as alternating 
that were fed on resistant g.notypes grew less plants, rather than in alternating rows or in 
quickly than those on susceptible genotypes, separate plots, the differences were still substan
demonstrating the presence of some antibiosis. tial. At such a spacing it would appear that 
Scientists at the Max Planck Institute for Bio- single-plant selection can be undertaken with a 
chemistry, Munich, who are collaborating with reasonable degree of confidence. We will use 
us in the identification of the chemical differen- such spacing when we grow progenies intended 
ces between our resistant and susceptible geno
types, reported substantial progress in 1985. 

Earlier (ICRISAT Annual Report 1983, p. m-I[C 506 reslstant SE t_0.58 
128), we reported that the differences in the per- 6 = Annier susceptible SE ±2.17 

centage of pod damage between resistant and 
susceptible genotypes tended to diminish with 
increasing proximity. Thus, although the differ
ences were substantial and obvious when plots of 
resistant and susceptible genotypes were con- 
pared, the differences were much less when . 

/ 

resistant and susceptible plants were alternated "
 
in rows. This indicated a problem in selecting 0 
single plants from progenies that are segregat- a- F1 I 
ing, as resistant plants could not be confidently F /. e/,4

Plots All erna e 
 RI ternate
 

distinguished from adjaccnt susceptible plants at rows plan-ts 
the intrarow spacing (30 cm) used. It was sug- Genotype arrangement 
gested that a wider spacing might alleviate this Figure 5. Pods damaged (%)by HelioI/is armigera 
problem. Therefore, this year we conducted a on resistant (IV 506) and susceptible (Annigeri) 
similar experiment in which a greater intrarow chickpea cultivars, grown on a Vertisol at wide spac
spacing (60 cm) was used. The results are sum- ing (60 x60 cm) without pesticide protection, in separ
marized in Figure 5. Although there was some ale plots, in alternate rows, and as alternate plants, 
reduction in the difference between the pod- ICRISAT ('enter, 1984/85. 
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for single-plant selection for H. armigeraresis- single plants and, at Hisar, 973 single plants that 
tance. showed low borer damage and/or high yield. 

Progenies with low borer damage and high pro-
Breeding for resistance. Breeders and entomo- ductivity were individually bulked at both localogists conducted joint trials on Heliothis resis- tions. Thus, we identified 46 progenies at 1CRI
tance for the short- and medium-duration desi SAT Center and 66 at Hisar for further testing in 
types at ICRISAT Center and for the long- preliminary yield trials.
duration desi and kabuli types at Hisar. This We sowed, in wilt sick plots, one set each ofF 3year we accomplished 73 crosses, mainly three- and F4 progenies at ICRISAT Center, and F 4way, where the third parent was either a good and F. progenies at Hisar. As expected, most of'
agronomic type or wilt resistant (to combine 'he plants died. However, we selected 91 single
Heliothisand wilt resistance) or Heliothis resis- plants and 2 surviving lines out of 623 progenies
tant (to pyramid resistant genes). In order to at ICRISATCenter and 88 plants and 3 lines out
study the nature of inheritance of this character of 250 progenies at Hisar for further testing.
in the segregating populations, we conducted an We conducted preliminary yield trials of 37F, trial of resistant x resistant (ICC 506 ICC- short- to mcdiu,' ,-duration bulked lines in the
10619), resistant x susceptible (ICC 506 x Anni- pesticide-free area at ICRISA 'Center. Forty
geri), and susceptible x susceptible (Annigeri , six long-duration bulked lines were similarly
ICCX 730266-3-4-1 P-F 13)crosses at the ICRI- tested at Hisar. Resistant and susceptible con-
SAT Center (Table 4). The borer damage in the trols were included for comparison. Twelve lines
resistant x susceptible cross was intermediate gave higher yields than the resistant control ICCbetween the resistant x resistant and susceptible f6 at ICR ISAT Center and fvc produced more 
x susceptible combinations, confirming our ear- than the best control (Annigeri). Some of these
lier findings in F, diallel studies that the characr- line:s also had a lower percentage of borer dam
ter is under the control of additive-gene actio, 
 age than ICC 506. At Hisar, 7 lines outyielded
and thus can be handled by conventional breed- the resistant control ICCX 7320-! !-2-El and 20
ing methods, gave higher yields than the best control (H 208).

We grew 38 F, populations and 1380 F3 to F7 From these trials we contributed seven entries to
short- to medium-duration progenies in pesti- the International Chickpea Screening Nurseries 
cide-free areas at ICRISAT Center and 10 F, (ICSN).
and 1152 Fj to long-duration progenies atF7 In an advanced yield trial at ICRISATCenter 
Hisar. At ICRISAT Center, we selected 1271 in insecticide treated and nontreated conditions, 

Table 4. Mean pod damage (%)caused by Heliothis armigera in F2 progenies from crosses of resistant and
susceptible selections of short-duration desi chickpea, ICRISAT Center, 1984/85. 
Cross/ genotype Character Pod damage (%) 
ICC 506 ICC 10619 Resistant x Resistant 3.5ICC 506 x Annigeri Resistant x Susceptible
Annigeri x ICCX 730266 Susceptible x Susceptible 

8.4 
16.5 

Controls 
Annigeri SusceptibleICC 506 Resistant 15.27.9 

SE 
±0.9
 

Cv (%) 
 17 
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economic threshold is to cage varying numbers 
of larvae on plants to determine the crop loss 
they cause. We are persevering with this method, 
but have found that wandering and disappear
ance of larvae cause great variability in our tests. 
An alternative approach is to study the con-
sumption of flowers and pods by individual lar
vae of different ages in the laboratory. This year 
we conducted tests in which larvae were fed on
flowers, young pods, or green maturing pods in 
petri dishes from 6 days after hatching to 16 
days, when pupation occurs. We had earlier 
found that for the first 5 days larvae normally
feed on leaflets causing little damage, but then 
feed on flowers or pods, if available. The average
consumption per larva was 70 flowers, or 28 
young r;ods, or 8 green maturing pods. We can 
meaningfully compare such data with field counts 
of larvae and damage in chickpea fields with or 
without pesticide protection. 

Natural enemies. The incidence of natural en-
emies of H. armnnera was recorded in some 
trials. Few predators, other than birds, were 
found in our chickpea fields but parasites, par-
ticularly (anpoletis chhoridcae, were common. 
Reports of up to 80% parasitism in the young
larvae are frequently encountered, but in sam-
pies collected from pulse-cntomology trials the 
average parasitism has rarely exceeded 30% and 
has often been below 10%,. This Year the parasit-

ism recorded from larvae of all sizes, from a 

variety of plant genotypes, was just under 10%. 
As in previous years, the parasitism in larvae 
collected from genotypes resistant to this pest
(6.5%) was slightly lower than in those collected 
from susceptible genotypes (7.5%). 

Ideally, we should take natural-enemy popu-
lations into account when deciding whether or 
not to use insecticides. Counts of predators can 
be combined with pest counts, but parasitism 
can only be quantified after culturing samples of 
larvae for a few days. Visible signs of par-
asitism-sluggish larvae or parasite cocoons on 
the crop-might help an experienced pest-man-
agement specialist make a decision. However, it 
is unrealistic to expect most farmers to do more 
than base their pesticide use on simple pest 

counts. The economic thresholds meant for the 
farmer's use must include a natural-enemy factor 
in their determination. 

Plant Nutrition 
Genotypic Differences in Residual Effect 

Legumes can meet most of their nitrogen (N)
requirements through biological N fixation and 
hence leave more N in the soil for sutsequent 
crops. Some chickpea genotypes nodulate more 
profusely (Fig. 6) and fix more N than others 
(ICRISAT 1978-79, pp. 135-136). We started a 
trial in the 1984 postrainy season to see if a 
prof'usely nodulating cultivar would have a 
greater beneficial effect than an average-nodulat
ing cultivar on a subsequent cereal crop. 

The soil N pool in a Vertisol was depleted by 
growing cover crops of maize in the 1983 rainy
season, and sorghum in the 1984 rainy season, 
before the trial began. Six treatments, a pro
fusely nodulating cultivar (K 850) with and 
without 20 kg N ha-1 , an average-nodulating 
cultivar (Anaigeri) with and without 20 kg N 
ha-I, safflower and fallow, were I'lid out in a latin 
square in 9.0 in x7.2 in plots. At the time of land 
preparation a basal dressing of 17 kg P ha-i was
 
applied. It is intended that this experiment will
 
continue for at least 3 years, with a cereal being
 
grown in the subsequent rainy seasons and the 
above postrainy -season treatments being repeat
ed in the same plots. 

As expected, K 850 nodulated much better 
than Annigeri (Table 5) but both cultivars pro
d uced similar quantities of dry matter and grain 
(Table 6). In the subsequent rainy season, all 
plots were sown to a local sorghum cultivar 
without any fertilizer application. Sorghum grew
best in the fallow-treatment plots, and next best 
in the plots that had K 850 with N (Table 6).
Sorghumdrymatteryield wasabout 15%greater 
in the K 850 + N plots than in the Annigeri + N 
plots and the differences in plant growth were 
clearly visible in three of the six replications (Fig. 
7). Sorghum growth on K 850 plots was only 6% 
better than on Annigeri plots where N had not 
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Table 6. Dry-matter and grain yield (kg ha ') of 
chick peii and safflower, postrainy season 1984/85,
and sorghum dry-matter yield (kg ha-'), rainy season 
1985, ICRISAT Center. 

Postrainy season Rainy _-!ason 
1984/85 1985
 

Dry Grain SorghumTreatment matter yield dry mat ter 

Fallow 0 0 4720 

K 850 + N 1750 1020 3560 

Annigeri + N 1730 1030 3080 

K 850 1680 950 2780 

Annigeri 1760 1110 2610 

Safflower 
 660 
 150 2060 


SE ±110 ±76 ±145 


Rhizobium strains as inoculants, agar slopes, or 
ampoules. 

Grain and Food Quality
Protein Content and Quality 

We analyzed 428 whole-seed samples supplied 

by the breeders and 1246 whole-seed samples
received from the Genetic Resources Unit to 
monitor their protein content. The protein con
tent of the breeding material ranged between 
14.3 and 24.7% and of the germplasm accessions
between 9.5 and 20%.bten95ad2% 

The amino-acid composition of three lines 

ILI tI 

Figure 7. Residual effects of a profusely nodulating chickpea cultivar K 850 (right) and an average-nodulatingcultivar Annigeri (left) grown in the postrainy season 1984, on sorghum, |CRISAT Center, rainy season 1985. 
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developed at ICRISAT Center was determined and double-podded), ICC 506 (Heliothis-resis
and the results were compared with those of tant), and ICCL 83151 (double-podded and wilt
control cultivar G 130. Although the differences ,'esistant), we grew 4 Fs of double crosses 
were not significant, the sulfur-containing amino involving these parents in a wilt sick plot and 
acids (methionine + cystine) contents in ICCC selected 33 plants for intercrossing in the next 
36, 37, and 42 were slightly lower :han those in G generation. We also grew 156 F3progenies from 
130. However, the lysine contents of these lines 	 plants selected from F2s of the single crosses 
were slightly higher than in G 130. 	 among these parents, obtained 24 biparental 

crosses among plants with desired characteris
tics, and selected 133 single plants for progeny

Cooking Quality testing. 
We also compared, in replicated trials, 34 lines 

A comparison of the cooking time of the dhal of 	 selected from our earlier study of single, three-,
ICCC 36, 37, and 42, all cultivars being tested in 	 and four-way crosses at ICRISAT Center, and 
advanced All India Coordinated Pulses Improve-	 46 F,-derivcd F6 lines and 47 lines selected from 
ment Project (AICPIP) trials and that of the 	 irradiated materials at Hisar. Of these, 15 lines 
control Annigeri are presented in Table 7. ICCC 	 with higher seed yields than the controls were 
42 required the longest cooking time (40 min) contributed to the ICSNs. The yields of some of 
while the others required 32 min or less. The dhal these are shown in Table 8. 
protein content of the four cultivars also showed
 
considerable differences. Desi-kabuli introgression study. The desi-kabuli
 

introgression study was initiated in 1979/80 to 
expiore the possibility of introgressing useful 
genes from desi into kabuli types and vice versa 

Table 7. Protein content (%)and cooking tlme (min) 	 and to study the variability generated by differ
of the dhal from three new desi chickpea cultivars 	 ent seed types in crossing (ICRISAT Annual 
compared to Annigeri, ICRISAT ('enter, 1984/85. 	 Report 1981, p. 108). 

Protein (%)1 Cooking We selected the highest yielders in the desi,
Cultivar (N - 6.25) time2 (min) kabuli, and intermediate seed-type F4 bulks of 
ICCC 36 24.6 31 the desi x kabuli crosses that had been tested 
ICCC 37 19.2 28 during 1982/83. Forty to fifty plants in each 
!CCC 42 24.3 40 selected seed-type bulk were crossed with a desi 
Control parent (WR 315) and vith a kabuli parent 
Annigeri 21.3 32 (No.501 ) to initiate the second cycle of introgres

sion. The F2s of the six resultant crosses wereSE ±0.22 ±0.3 sown along with desi and kabuli control culti-
I. Average of five determinations. 	 vars. We made observations on phenological
2. Average of three determinations. and morphological characters to assess the extent 

of variability generated in the different crosses. 
The mean squares for crosses were significant 

for all the characters studied. On partitioningPlant Improvement these, the effects of crossing with desi and kabuli 
parents, and with the three seed types were also 

Breeding Methodology significant. 
Crosses with a kabuli type as the third parent

InordertocombinethecharacteristicsofAnnigeri tended to increase variability for days to 50% 
(high-yielding and wilt-resistant), K 850 (wide flowering and to maturity, plant height, number 
adaptation and large seed), JG 62 (high-yielding of primary branches, seeds pod-', and yield. 
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Crosses with a desi type increased variability for 
number of secondary branches and seed size. 
The variability cf the number of pods plant-' was 
similar in both crosses. As a group, the kabuli 
seed-type bulks generated more variability for 
days to 50%i( flowering and maturity, and the desi 
seed-type bulks produced higher variability for 
the number of pods plant -' . Variability for nun

-
'rable 8. Seed yields (kg ha1)of the best chickpea 
lines inbreeding-methodology trials, ICRISAT Cen-
ter and Hisar, 1984/85. 

Seed yield
Line/cultivar (kg ia-) 

tlreeding-methodology trial, medium duration 
(ICRISAT Center) 

ICCX 790244-fT-IIP-4P1,-l1 2130 
ICCX 790248-l3P-lfl-39P-IP 2110 
ICCX 790249-lIl-ilHl-39P-13l) 2110 

Control 
K 85(0 1860 

SE ±the 


Trial mean (36 entries) 1900 


CV(%) II 


Irradiation trial, long duration (Ilisar) 
ICCX 771167-1)20-611-I3Il-I 11-fi1 2280 
ICCX 771183-1)5-3H1-111-4H-fIllI 2230 
ICCX 771179-15-2t11-Bt-l 1-i 222(0 

Control 
H 208 2010 
SE ±152 

Trial mean (49 entries) 19(10 

CV(%) 16 

iF2-derived lines trial, long duration (Ilisar) 
ICCX 780506-71H-411I-3H-111 287(0ICCX 780528-41--H-I-Bl-1tt 2750ICCX 780529-4 H-l1l-BiH-11t 2710 

Control 
H 208 2480
 

SE ±214 

CV(%) 18 

ber of primary branches and seed size was gener
ated equally by both desi and kabuli seed-type 
bulks. The intermediate seed-type bulks pro
duced higher variability for number of second
ary branches and plant height. 

Off-Season Nurseries 

At ICR ISAI"(Center, we grew 10 lines from the 
male-sterile stocks to make crosses, incorporate
the open flower, and protruding-anther charac
ters into male-sterile lires, increase the possi
bility of outcrossing, and use the male-sterile 

genes in a recurrent selection program. We 
backcrossed 103 selected plants using the large

seeded cultivar K 850 as the donor parent for 
increased seed size. 

We also made a few specific crosses to com
bine wilt and Heliothisresistanceand othercros
ses involving ('icer retict/atmn to increase vari
ability for selection. 

We grew 219 lines received from ICARDA in 
postentry quarantine isolation area at ICRI-

SAT Center. These materials included lines from 
ICARI)A's International Trials and Nurseries 

for 1985, not-,bly the Chickpea International 
Screening Nursery (CISN) for winter and spring 
sowing; the Chickpea International Ascochyta 
Blight Nursery (CIA13N); and the Chickpea 
International Yield Trials (CIYT) for large
seeded types, and for the subtropical and Medi

terranean regions. We are multiplying these lines 
for distribution to in:erested cooperators within 
India and elsewhere 

At Tapperwaripora in Kashmir, we grew 3120lines for generation advance. Of these, 56% were 

F~s, 30% were progenies selected for ascochyta 
blight resistance, and the rest were other progen
ies and parents for making crosses. The Fs 
grown were mostly three-way crosses to incor

porate multiple disease resistances. 

Breeding Desi Types 

We made 56 single and 161 three-way crosses at 
ICRISAT Center and Hisar for the short-, andlong-duration desi types. Single crosses were in 

an 8 x 7 line x tester series to combine the adapt
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C'hickpea grms ing during file off-seasonc under a Ipl;a~ic cover a.tI(RISAT C'enter, 1985. ProJtection from rain 
reduced file 1(olengthlen file phoctoperio~d.diease pirobflems. Thie plant%'grv',faster (tie Ili (lie lights, used 

ed anld necwly identified good parents inIthe 
short- and meiumiII-durationl category. Three- Table 9. Numbers of desi chickpea populations and 
way crosses were made mainly to complement progeny, IC'RISAT C'enter and Ilisar, 1984/85. 
tie characteristics ah'adv combined ithe F,, ICRISAI Center Itisar 
such atshigh yield, disease and Insect resistance,double pod. multisced, and large seed. .irs Second First
 

More than 98(0 popullatlolls and progenies (Generation soinlg Sowing sowing 

were evaluated at ICRISA*I (Center and 1iisar ]:l 138 138 
for the short- IInd long-duration desi types 1:, 161 129 

(Table 9) whereas (Gwaliorserved ats Fl 93 104ittesting site 
for the mled IuII-d 11ratloll types. 'Ilwo F-,trials, a 60 1.-, 74 -128 

"12 line 
at both 

- tester and 1 12,< 12, diallel, %%erc grown 
IWRISAT Center and Ilsar to collect 

IS22 
F,, 1117 

8 1 
1117 

26 
674 

inform a ltiollo i tie Inh rita niceof diffrcnt char-593837 
i 554 47(0 438 

actcristics and 
cro sses. Bo th li 

also to Identify igh-yielding 
nle,xteste r an i ll a ays sT t 5 2795 4249 
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further confirmed that additive-gene action plays 
a predominant role for most of the characteris-
tics in chickpea. The most promising 69 Fis have 
been advanced for F, Multilocational Trials 
(MLTs) and the rest will be screened for fusa-
rium wilt resistance in the wilt sick plots.


Early-generation 
 testing was continued. We 
evaluated 161 F, and 93 F3 short- to mediul-
duration bulks at ICRISAT Center and Gwa-
lior, ar.d 129 F, and 104 F, long-duration bulks 
at Hi!,ar. All the F,and F3 bulks will be advanced 
further for screening in wilt sick plots and the 
latter will also be grown for single-plant selec-
tion in normal fields. 

We evaluated 5086 F5 to F, progenies at 
ICRISAI Center, and 3841 F4 to F, progenies it 
Hisar, in augmented design trials with appro-
priate controls sown at regular intervals. l)c-
pending on seed availability, a second sowing of 
F5 to F, progenies was done in the pesticide-free 
area at ICRISAT Center to reject lines highly
susceptible to Heliothis and also to select plants
with low borer damage. A total of 4857 plants
from different generations was selected at ICRI-
SAT Center and 3407 plants at Hisar. Based on 

their actual yields, the percentage of increase 

over 
the moving average of the controls, and 

various Visual scores such 
 Ispodding ability,

disease, ar:d pest incidence, we selected 347 pro-

genies at jCRISAT Center and 230 at Hisar. 
These will be tested in replicated trials and tile
best will then be contributed to the ICSN. 

We conducted preliminary yield trials of 184advanced-generation breeding lines at ICRISAT 

Center, 188 
 at Hisar, and 23 at Gwalior. The 

best-adapted local controls were included 
 for 
comparison. Forty-nine lines that outyiclded the 
controls were contributed to tile ICSN. One-
hundred-and-fifteen entries selected from germ-
plasm grow-outs were also tested in replicated
trials at ICRISAT Center, Hisar, and Gwalior. 

Breeding Kabuli Types 

We made 38 single, II three-way, and 13 back-
crosses. The single and three-way crosses were 
made between high-yielding parents and sources 

resistant to ascochyta blight, fusarium wilt, and 
stunt diseases. The three-way crosses were aimed 
at combining more than one disease resistance. 
Five of the backcrosses were to incorporate wilt 
resistance, while the remaining eight were to 
increase seed size. We grew 5 F,populations and 
selected 51 single plants and grew 15 F. popula
tions and selected 369 single plants from these. 
From 54 bulks and 1577 progeny rows in F4 to F,
generations, wc selected 88 promising progeny 
rows and 1778 single plants for fIrther evalua
tion in 1985 86. The best 75 progeny bulks will 
be further tested in 1985 86. We evaluated Ill 
nrogeny bulks in replicated, preliminary- and 
advanced-yield trials. Forty-nine lines were re
taimed 	for futrther testing. 

We selected I('('X 741106-31l-I H-I P-1 H-I H-
I- from the advanced yield trial and contri
buted it as ICCC 49 to the All India Kabuli 
(irain Coordinated Varietal TIrial. In central 
India, ICCC 32 was tested in iniiikit trials after 
it was identified for release in 1984. It yielded
1590 kg haI compared with 1220 kg ha-l from 
the control, cultivar I.550. ICCC 32 has also 
been identified for release in the North West 
Plain Zone of India. Two wilt-resistant, short
duration kabul; varieties, ICCV 2 and ICCV 5, 
are in demonstration trials at live locations in 
peinsular India to populari/e these among 
farmers. 

Extending Chickpea Adaptation 

Early sowing in peninsular India. Scieening
 
gernplasn 
 and breeding materials for adapta
tion to early sowing (mid-September) continued
 
at ICRISAT: Center. We evaluated 21 F, and 15
 
F3 populations and 732 F,-F progenies, in addi
tion to 684 wilt-resistant progenies earlier screen
ed through tile wilt sick plot, under early-sown
conditions. In all, 1331 single plants and 25 lines 
were selected for further evaluation. 

We also screened 175 germplasn and breeding
lines, grouped according to duration, in three 
early-sown trials and repeated the comparison ofpreviously identified lines tinder early- and nor
mal-sowing (niid-October) to identify adapted 
genotypes and characters that contribute to the 
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adaptation. 	 In screening trials, several short-, types (notably P1329, P18, and P4089-1) have 
and short-to-medium-duration lines produced consistently produced higher seed yields than the 
higher seed yields than the control (Table 10) control Annigeri (ICRISAT Annual Report
and 16 lines were selected for an early-sowing 198 1,p.1 I , and ICRISATAnnual Report 1983, 
versus normal-sowing comparison next year. p. 136). In 1984/85 the seed yields of early-sown

Whenever comparisons have been possible, chickpea (1840 kg ha-') were again significantly 
early-sown chickpeas have yielded better than higher than from those sown at the normal time 
those sown at the normal time, and several geno-	 ( 1090 kg ha-'). The same genotypes, when sown 

early, prolonged their reproductive periods, re
suiting in increased pod and seed numbers and 
seed size. Several entries produced higher seedTable 10. Seed yields (kg ha' l ) of some high-yielding yields than the control Annigeri (Table 10).
 

chickpea genotypes in early-sown (September) trials,
 
ICRISAT Center, 1984/85. Late sowing in northern India. There is increas-


Seed yield ing interest in introducing chickpeas 	into new 
Genotype (kg ha-') areas and cropping patterns, particularly in rota-
Screening trial I tion with rice and cotton. We continued our 
1 69099-2 2450 work on this aspect at -lisar to identify and 
P 9650 2380 develop gent iypes suited to late-sown condi-
RPS13 431-1 2352 tions that occur when rainy-season crops vacate 
Control the fields late. 

Annigeri 2207 The normal time for sowing at Hisar is during 

±113 	 the last week of October. We sowed 25 F, popu
lations of the crosses of genotypes suited to lateTrial mean (49 entries) 2180 sowing a month later than usual and selected 350 

CV(%) 10 	 single plants for testing in the F, generation. 
Over 100 desi and kabuli F5 to [7 progenies

Screening trial 2 exceeded the moving average yields of the best 
T113 2770 control. From these 4.8 i12 plots, the highest
P 4197-2 2610 yield (equivalent to 4450 kg ha1) was recorded 
1-209-15 2600 from desi-type ICCX 790515-BT-BH-BH-22H-
Control I H and among the kabuli types the maximum 

Annigeri 2400 3440 kg ha- 1)was obtained Irom ICCX 800362-
SE ±154 	 BH-4H-I H. We individually bulked 45 desi and 

22 kabuli lines that yielded well and registered anTrial mean (64 ent, ies) 2140 	 appreciable increase over the controls. These 
CV(%) 	 12 will be tested in 1985/86. 

We evaluated 57 advanced-gencration des",
Early vs normal trial (early-sown) and 23 kabuli lines in the preliminary yield trials 
1118 2360 for late sowing. Two desi lines gave significantly
N 31 2280 higher yields than the control H 208, the best 
P 4089-1 2260 being ICCL 85502 with 2411 kg ha - . In the 
Control kabuli trial, 	 ICCL 85504 gave the highest seed 
Annigeri 	 2140 yield of 1252 	kg ha-' compared with 537 kg ha -' 

SE ±101 from the control (L 550). 
We also conducted an advanced yield trial of23 desi selcctions and one of l0 kabuli selections. 

CV(%) II The best entry in the desi trial gave 1488 kg ha-' 
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against 1194 kg ha- for the control (H 208). in 
the kabuli trial, no breeding line produced a 
higher yield than ICCC 32, but eight outyielded 
the control, L 550. 

Of the three lines contributed to AICPIP late
sown trials in 1983, ICCC 14 and ICCC 41 were 
selected for further testing. 

Novel Plant Types 

Tall, erect habit. We continued our efforts to 
breed improved medium-tall, erect, and com-
pact genotypes. We made 35 three-way crosses 
involving tall types, high-yielding lines, and dis-
ease-resistant lines. We also made six back
crosses to incorporate ascochyta blight resis-
tance into medium-tall and high-yielding lines. 
All the Fjs were advanced in the off-season 
nursery at Tapperwaripora, Kashmir. 

We selected 506 plants from 30 F, populations 
at ICRISAT Center and 124 plants from II F, 
populations at Hisar. We evaluated 1420 F. to F 
progenies at ICRISAT Center and selected 400 
plants and 22 rows. At Hisar, we grew 1210 
progenies and selected 725 plants, 320 progeny 
bulks, and 38 rows. 

We conducted two replicated, preliminary 
yield trials at ICRISAT Center and one trial at 
Hisar. The best lines from these have been con-
tributed to the ICCT and the ICSN. Data from 
the three highest-yielding lines from the Hisar 
trial are presented in Table II. 

Double-podded and multiseeded types. Selec-
tion to combine double-podded and multiseeded 
characteristics with high yield and disease resis-
tance continued. At ICRISAT Center, we grew 
12 F,s of crosses among wilt-resistant, double-
podded, multiseeded, and high-yielding lines in 
the wilt sick plot, and evaluated nearly 3000 F3 
and more-advanced-generation progenies in nor
mal fields for yield and multiseeded characters. 
From these, 1085 single plants were selected for 
progeny tests, and 133 progenies (106 short
duration and 27 mediun-duration) giving higher 
seed yields than the moving averages of control 
cultivars were bulked for yield tests in the 
1985/86 postrainy season. Twenty-three lines 

Table I. Plant height, 100-seed mass, and seed yield 
of the three highest-yielding, medium-tall and corn
pact chickpea genotypes, preliminary yield trial, 
Hisar, 1984/85. 

Plant 100-seed Seed 
height mass yield 

Line/cultivar (cm) (g) (kg ha-') 

ICCX 770376-BP-12H-2H-111i
ICCX 770918-21-1 11-2H-BI! 

100
81 

19.7
14.7 

3180
2870 

ICCX 761281-281--21-3 H-I 11-11 99 18.8 2620 
Cotrols 
1I208 82 14.0 2100 
ICCX 75007048-1P-2Hi-BHi 100 13.6 1360 

SE ±2.7 ±0.51 ±235 

li almean (49entries) 95 15.1 1960 
cv\(%) 6 7 24 

with more seeds per pod and 47 with a higher 
proportion of double-podded nodes were also 
selected for further tests. 

We also evaluated 57 lines in yield tests and 3 
of the best (Table 12) were contributed to the 
ICSNs. In ano!her study of multiseeded and 
double-podded lines, in collaboration with the 
agronomists, two lines (MSDP2and MSDP66) 
combining the two characteristics wore identi
fied for the first time. 

At Hisar, we screened 23 Fs and 62 F3s in the 
wilt-sick plot and 10 F2s in the ascochyta blight 
screening nursery, and evaluated over 1800 pro
genies for agronomic traits. From these, 960 
plants were selected for progeny tests and 115 
lines with superior performance were bulked for 
rep!icated tests. From a preliminary yield trial of 
23 lines, the three most-promising lines (Table 
12) were contributed to international nurseries 
or trials. 

Cooperative Activities
 
International Trials and Nurseries 

During 1984/85, chickpea breeders distributed 
155 sets of 13 different international trials and 
nurseries from ICRISAT Center. These were in 
addition to the pathology nurseries and trials 
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than the controls at many locations. Overall, tile 
Table 12. Seed yields (kg ha) of the highest-yielding hahetol st many lctos O a the 
multiseeded and/or double-podded chickpea lines, highest-yielding lines were ICCI, 82108 in the 
preliminary trials, ICRISAT Center and ilisar, desi short-duration nursery, ICCL 84327 in the 

1984/85. desi medium-duration nursery, and ICCL 83448 
in the desi long-duration nursery. 

Seed yield Ir. the International Chickpea Cooperative 
Trial of I)esi Short-duration (ICCT DS) lines, 

ICRISAT Center Trial I 	 ICCI, 83132 and ICC!, 83149 gave the highest 
ICCX 780362-9P-BEt2P--Bl 2180 yields and these have been entered for testing in 
ICCX 780325-35P-BP-I P-BP 2130 the All India Coordinated Trials. In the Interna-
ICCX 780362-14P-BH-3P-BP 2070 

Control
 
Annigeri 1980
 

SE ±125 	 Table 13. Countries to which chickpea trials and nur-

Trial mean (36 entries) 1850 	 series were distributed from ICRISAT Center, 
1994/85.CV(%) 	 12 
Country Number sent 

ICRISAT Center Trial 2 Afghanistan I 
ICCX 780357-95P-BP-P-BP 2240 Argentina I 

Control Australia I
 

K 850 2030 Bangladesh 8
 
Burma 5
 

SE ±131
 
Canada 4
 

Trial mean (25 entries) 1890 Cape Verde Islands 2
 

CV(%) 12 Chile 2 
Colombia I 

Hisar Trial Egypt I 

ICCX 800460-25[1-B3H 2380 Ethiopia 6 
ICCX 780362-251-I t-BH 2300 Greece I 
ICCX 780361-12P-I H-BH 2180 India 103 

Control Iran I
 

H 208 1890 Iraq I
 

SE ±301 Kenya I 
Republic of Korea 4 

Trial mean (25 entries) 1450 Mexico 5 

CV(%) 36 	 Nepal 6 

Pakistan 26 

Peru I 

described earlier. Inall, a total of 198 sets were Philippines 3 

sent to 29 countries (Table 13). In the F, and F3 Spain I 

multilocational trials, a lew bulks were higher- Sudan I 

the local control at some locations.
yielding thn 

Many cooperators are using these segregating Tanzania I 
2bulks to select material adapted to their local Tunisia 
7USAenvironments. 

Based on the data r'ceived, we I'ound that 
some lines in the ICSNs were higher-yielding Total 198 
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tional Chickpea Cooperative Trial of Desi Long-
duration lines (ICCT DL) none of the entries 
gave high yields at all locations but some gave 
high yields at individual locations, 

Adaptation Trials 

The International Chickpet Adaptation Trials 
(ICAT) were conducted for three seasons from 
1981/82 to 1983/84. These trials were distrib-
uted in collaboration with ICARI)A to study 
genotypic responses in order to help refine out 
testing and selection strategies. We have received 
analyzable data from 80 out of 220 locations to 
which trials were sent during the 3 years. These 
data have been analyzed, and will be reported 
separately. This year, the ICATs were sent only 
to the Cape Verde Islands, Colombia, and Korea 
in response to rclusts from local scientists who 
wish to find out whether chickpea can be grown 
and if so, what ty'pe of material issuitable in their 
countries. 

Distribution of Breeders' Material 

We supplied 3630 seed samples of segregating 
popuIlations and other breeding materials to 
cooperators in 23 countries. The majority of 
these samples vent to cooperators in India (2680 
samples) and Pakistan (800 samples). 

Cooperation with the All India Coordinaled 
Pulses Improvement Project (AICPIP) 

We contributed two new desi lines (ICCC 47, 48) 
and one new kabuli line (ICCC 49) to tile coor-
dinated varietal trials of AICPIiP for testing in 
the 1985/86 season. Out of 18 ICRISAT entries 
tested during tile 1984/85 season, many lines 
gave better yields tlan the controls. In the Gram 
Coordinated Varietal Trial (GCVT), ICCC 40 
ranked third in the Central Zone; and ICCC 29 
ranked fourth in the Northwest Plain Zone. In 
the Grain Initial Evaluation Trial (GIFT), ICCC 
42 ranked third in the Central Zone, and ICCC 

41 ranked first in the late-sown trials in the 
Southeast Zone. These lines along with 14 other 
ICRISAT contributions have been retained for 
further testing. 

Kabuli cultivar ICCC 32, identified for release 
in the Central Zone in 1984, was tested in prere
lease minikit trials in farmers' fields in Madhya 
Pradesh. It yielded 30% more than the control 
cultivar 1. 550. )uring this season it was also 
identified for release in the Northwest Plain 
Zone. We supplied 600 kg seed of ICCC 32 for 
min ikit trials in Maharashtra, Madhya Pradesh, 
Gujarat, Rajasthan, Punjab, and Haryana States. 

We supplied 430 kg breeders' seed of ICCV I 
(ICCC 4) to (ujarat to supplement seed multi
plication of this variety in that State where this 
variety was released 3 years ago. Following a 
reqlueSt from government agencies in Andhra 
Pradesh to supply seed of ICCC 37, we sent 185 
kg of seed for minikit trials and 200 kg for seed 
multiplication by the Andira Pradesh State 
Seeds Development Corporation. 

In cooperation with AICPIP scientists, we 
initiated demonstration trials oftihe short-dura
tion, wilt-resistant kabuli cultivars (ICCV 2 and 
5) to popularize cultivation of kabuli chickpea in 
peninsular India. We also began to assess the 
advantage of early sowing (mid-September in 
comparison to the normal mid-October sowing) 
in peninsular India in cooperation with five 
national research stations. 

Cooperation with ICARDA 

The objective of the ICRISAT/ ICARI)A Kabuli 
Chickpea Project is to develop disease- and 
insect-resistant, high-yielding genotypes for dif
fercnt agroecological conditions to increase the 
productivity of kabuli chickpeas wherever they 
are grown. An ICRISAT chickpea breeder is 
stationed at ICARI)A inTel Hadya, near Aleppo 
in Syria, and ICR ISAT scientists of other disci
plines visit ICARDA for long periods to help
with tie research. The kabuli type of chickpea is 
widely grown as a spring-sown crop on con
served moisture in the Mediterranean region. In 
the Indian subcontinent, the Nile Valley, and 
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Latin America, the crop is sown in winter. Table 14. Number of kabuli chickpea trials distrib-
Advancing the sowing date from spring to winter uted to cooperators from Tel Hadya, Syria, 1977-86. 
in the Mediterranean region and using cultivars 
tolerant to ascochyta blight and cold result in Trial Trials 

types' Countriessubstantial increases in seed yield. Season distributed 

Three sites, i.e., Tel Hadya (low elevation, 340 1977/78 2 34 15 
mm annual rainfall), Jindiress (low elevation, 1978/79 5 84 17 
450 mm annual rainfall), and Terbol (medium 1979/80 6 187 31 
elevation, 550 mm annual rainfall) have been 1980/81 10 245 25 
used for testing newly developed materials for 1981/82 9 300 31 

yield potential and adaptation before they are 1982/83 8 319 42 
sent to the national programs. All entries included 1983/84 9 368 48 
in yield trials are rescreened for resistance to 1984/85 II 419 46 
ascochyta blight and cold. In addition, the geno- 1985/86 II 447 46 

types are evaluated for tolerance to leaf miner I. Trial types include disease-resistance nurseries, adapta
(Liriomyza cicerina), cyst nematode (Hetero- tion tests, and several trials comparing new breeding 
dera sp), and a parasitic plant (Orobanche sp). materials. 

They are also tested for reduced photoperiod 
sensitivity and for protein content. 1.ines that are 
more susceptible to pests or cold, and with lower 
protein contents than the control cultivar are other countries. During 1984/85, we furnished 
rejected. seed and information to Egypt, Morocco, Syria, 

and Turkey. Earlier, similar help was provided 
to Cyprus, Jordan, and Lebanon. Each year, we 

International Testing Program furnish more than a tonne of seed of different 
cultivars for on-farm trials. In Syria, such trials 

International trials. The kabuli-type chickpea have been conducted jointly by ICARDA and 
is grown in over 30 countries; many of these are the Ministry of Agriculture and Agrarian Reform. 
currently developing their own breeding pro
grams. To support their efforts, we supply them Cultivar release. The international testing pro
with early- and advanced-generation breeding gram has earlier led to the release of ILC 482 in 
material, finished cultivars, and disease- and Syria and ILC 3279 (as Yialousa) in Cyprus. 
insect-resistant lines. The national programs Several other genotypes have now been identi
have found our material useful, as is evident fied for release in six countries (Table 15). 
from a 13-fold increase in the distribution of our Cooperators in many other countries have 
trials in 8 years (Table 14). In keeping with the found promising lines among the materials that 
differing agroecological conditions and consum- we have supplied and are using them in thcir 
er preferences, we have diversified the trial types breeding programs. 
from 2 in 1977/78 to I! in 1985/86. Most of our 
nurseries are supplied to cooperators in the 
Mediterranean region and the Americas, some Plant Improvement 
to the Indian subcontinent, and a few to eastern 
Africa. We have noticed a growing demand from Crossing program. The numbers of crosses per 
many countries that do not grow chickpea, but year have steadily increased since 1978. We have 
wish to introduce it as a new crop. made nearly 2500 crosses, including421 in 1985. 

Of this total, about 85% have been single crosses. 
On-farm trials. The on-farm trials that started In earlier years, the major emphasis was on the 
in Syria during 1979/80 have been extended to development of genotypes with tolerance to 
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Table 15. Kabuli chickpea lines from ICARDA thet 
have already been released as cultivars and those 
under consideration for release in various countries, 

Country cultivars consideration for release 

Syria ILC 482 ILC 3279 
Cyprus ILC 3279 

Turkey (Yialousa) 195 LC 482 
Morocco ILC 195, ILC 482, and 

ILC 484 
Egypt ILC 482 
Spain ILC 72 (Fardon), 

ILC200(Atalaya and Zegri), 
-hw ILC 2548 (Alnera) and 

ILC 2555 (Alca/aba) 

ascochyta blight and cold, so crosses were invar-
iably between parents known to possess such 
tolerances, and those with wide adaptation and 
high yields. More recently, our program has 
diversified and crosses arc made to develop geno-
types for winter and spring sowing, for tall plants 
and large seeds. We also make some crosses that 
involve desi types. 

As part of our assistance to national breeding 
programs, we make crosses specifically for breed-
ers in several countries. Junior scientists who 
come to Tel Hadya foi training are shown how 
to make crosses and are encouraged to practice
the technique. 

We grew 337 F~s in the off-season nursery 
under continuous light at Sarghaya. Continuous 
light allows us to transfer genes from long
duration genotypes, that otherwise do not flower 
during the summer. 

Segregating populations. We grew more than 
250 F2 populations at Tel Hadya in the asco-
chyta blight screening nursery, but due to exces-
sive irrigation we lost most of these and the 
remainder were bulk harvested. 

A total of 14 225 F3 to F7 progenies were 
grown during 1984/85. Of these, 5111 F. progen-
ies were grown in the off-season where the mate-
rial was screened for reduced photoperiod sensi-

tivity. The others were grown in the main season 
at Tel Hadya. The 1984/85 winter was unusually
cold and many progenies were killed. The mate
rials that survived were subjected to carefulselection. The selected plants and bulked progenies should have a high level of cold tolerance, 

an important prerequisite for winter sowing. 
Many lines not only survived the low tempera
tures and waterlogged conditions, but were also 
productive and uniform. A total of 311 lines 
were bulked. These will be screened for reduced 
photoperiod sensitivity during the 1985 off
season and the selected lines will be tested for 
yield and adaptation in 1985/86. 

Yield trials for winter sowing. The seed yields 
ofabout 200 newly bulked lines were recorded at 
Tel Hadya, Jindiress, and Terbol. Of these, 123 
entries at Tel Hadya, 27 at Jindiress, and 12 at 
Terbol significantly exceeded the control (Table 
16). A few gave greater yields than the control at 
all locations revealing their wide adaptation. 

Yield trials for spring sowing. About 200 newly 
bulked lines were evaluated for yield at Tel Had
ya, Jindiress, and Terbol (Table 16). Although 
many exceeded the control yields, only one line 
each at Tel ladya and Terbol gave significant 
increases. Analyses of the results from past years
indicate that most of the newly developed lines 
mature later than the control. As the growth 
period fc r the spring sowings is short, it favors 
short-dui ation lines. As a result of this observa
tion, crosses have been initiated to generate 
short-duration genotypes. 

Large-seeded types. There is a substantial de
mand from national programs for ascochyta 
blight resistant chickpeas with large seeds, and 
special emphasis is being given to the develop
ment of these types. During 1984/85, 1234 F3 to 
F5 progenies were grown, 2099 plants were 
selected, and 26 promising progenies were bulked. 
Many of the newly bulked lines have very large 
100-seed mass (>50 g).

Eighteen newly developed lines that have large
seeds and are resistant to ascochyta blight were 
evaluated for yield, the performance of the best 
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Table 16. Mean yield (kg ha-') performance of the newly bulked, developed chickpea lines in winter and spring 
trials', Syria and Lebanon, 1984/85. 

Entries Yield range 
Entries significantly of the best 

Location Trials Entries exceeding exceeding entries SE CV (%) 
and season conducted tested control' control (kg ha-') range range 

Tel Hadya, Syria 
Winter 15 255 208 123 630-2530 ± 79-185 15-51 
Spring 14 237 53 I 2090-2230 ± 69-146 5-16 

Jindiress, Syria 
Winter If 193 100 27 1480-2290 ±106-180 16-34 
Spring I1 193 4 0 1310-1790 ± 75-158 8-24 

Terbol, Lebanon 
Winter 13 229 152 12 1880-2600 ±149-250 11-23 
Spring 13 229 78 I 2710-4030 ±260-572 14-32 

I. Randomized-block design, plot size 3 mt. 
2. Controls for winter z ILC 482; spring = IC" 1929. 

six is shown in Table 17. A major reason for the ranean region prefer tall chickpeas, that can be 
higher yield of these entries, compared to the efficiently harvested by machine. The tall chick
control, was their better cold tolerance. After peas available in our germplasm collection have 
another year of evaluation, the best will be pro- three major deficiencies: poor seed type, low 
vided to cooperators. yield, and long duration. We have now devel

oped tall kabuli lines that are high-yielding, 
Tall chickpeas. Many farmers in the Mediter- large-seeded, and cold-tolerant (Table 17). These 

Table 17. Performance of the six large-seeded chickpea entries in the winter-sown, preliminary yield trial, Tel 
Hladya, Syria, 1984/85. 

Time to 50% Plant height Cold 100-seed Yield 
Entry flowering (d) (cm) tolerance' mass (g) (kg ha- 1) 

FLIP 84-19C 133 38 5.0 46 1960 
FLIP 84-18C 132 40 3.0 44 1790 
FLIP 84-17C 138 34 5.5 45 1650 
FLIP 84-1C 144 31 7.0 43 1380 
FLIP 84-12C 140 30 7.0 41 1230 
FLIP 84-2C 142 33 7.0 40 1030 

Control 
ILC 482 136 19 8.0 26 330 

SE ±l.I ±1.3 ±1.5 ±180 

Trial mean (21 entries) 139 29 38 820 

CV(%) I II 5 31 

I. Measured on a 1-9 scale where; I damage free and 9 killed; ratings based on two replications. 
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A newly developed tall, erect, well-podded, kabuli 
type chickpea, Sria, 1985. 

lines, however, are long-duration types so future 
emphasis will be on the development of shorter-
duration types. The plant heights shown in Table 
18 are less than those generally attained by these 
genotypes because the unusually cold season 
reduced plant growth and yields, 

Thirty-four tall chickpea progenies were bulkcd 
during 1984/85. Some of these have a 100-seed 
mass exceeding 4 0 g. Some are as early as ILC 
482, which is high-yielding and widely adapted
but is susceptible to severe cold. It is hoped that 
one or more of the short-duration, cold-tolerant,
tall chickpeas will replace this widely used 
cultivar. 

Desi chickpea. We are also working to develop
ascochyta blight resistant, desi types, especially 
suited to Pakistan and Northwest India. Most of 

the crosses were made at ICRISAT Center and 
F2 seeds were sent to Tel Hadya for screening.
During 1984/85, more than 50 promising F5
progenies were bulked. They are being grown in 
the off-season nursery during 1985 and those 
with reduced pholoperiod sensitivity will be sent 
to breeders in Pakistan and ICRISAT Center for 
evaluation of their yield and adaptation. 

ICARDA Germplasm 

During 1984/ 85,400 new accessions were added 
to the ICARDA collection, mainly from Packi
stan, Turkey, and the USSR increasing the total 
kabuli accessions to 5990. Publication and dis
tribution of the Kabuli Chickpea Germplasm
Catalog resulted in a large demand for seed. A 
total of 6265 germplasm samples were furnished 
to eight countries; including 2000 each to Tuni
sia, Turkey, and the USA and 139 to the USSR. 

Screening Germplasm and Breeding Lines 
for Resistance to Stress Characteristics 

Cold Tolerance 

The 1984/85 winter season was one of the cold
est years ever recorded in Syria. Temperaturesfell below 00 C on 41 nights; -9.8'C being the
 
lowest. There were frosts on most nights between
 
20 February and 15 March, when the crop had
 
grown substantially. This killed many lines and
 
severely damaged others. Taking full advantage

of this opportunity, tile germplasm accessions,
 
breeding lines, and advanced, segregating gener
ations were screened for cold tolerance. None of 
the lines remained unaffected, but 85 lines were 
found to be tolerant (rated 3 on a 1-9 scale, where 
I = damage free and 9 = killed) and 782 lines 
moderately tolerant (rated 4). 

An interesting phenomenon, similar to that 
seen in winter-hardy wheat, was observed. In 
some lines, the above-ground portions werekilled, but soon after the temperatures increased,
plants recovered fully and some produced high 
yields. 
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Table 18. Performance of six tall chickpea lines, preliminary yield trial, Tel Hadya, Syria, 1984/85. 

Time to 50% Plant height Cold 100-seed Seed Yield 
Entry flowering (d) (cm) tolerance' mass (g) type' (kg ha - 1) 

FLIP 84-20C 136 37 5.5 32 K 1830 
FLIP 84-43C 138 32 3.0 30 1630 
FLIP 84-46C 137 43 4.5 34 K 1470 
FLIP 84-22 140 40 6.0 34 K 1280 
FLIP 84-42 142 39 6.0 32 K 1050 
FLIP 82-33 139 47 5.5 37 K 980 

Control 
ILC 3279 141 42 6.0 29 1 1260 

SE ±1.7 ±1.9 ±0.9 ±181 

Trial mean (I I entries) 139 35 32 1050 

CV (%) 2 7 4 24 

I. Measured on a 1-9scale where; I = damage free ,r.d 9 = killed; ratings based on two replications. 
2. K Kabuli. I= Intermediate. 

- p-E 

IGH 

The upright chickpea genoiype (left) was badly damaged by cold while the prostrate chickpea genotype (right) was 
cold-tolerant and survived, Syria, 1985. 
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Cold-tolerance screening is usually done by
advancing the sowing date to late September at 
Tel Hadya. This year's cold was so harmful that 
most of the genotypes sown during this period 
were killed. However, two lines (ILC 3426 andILC 347) survived and fully recovered. These 
lines might be useful as donor parents for coldtolerance. 

More than 10 000 progenies from our breed-
ing program were screened for cold tolerance 
and most were found to be susceptible. How-
ever, many lines were rated 3 or 4 and some of 
these were very productive and uniform; the best 
were bulked for further evaluation. 

Screening for Resistance to Cyst Nematode 
(Heteroderasp) 

Greenhouse screening at Tel Hadva of 290 asco-
chyta blight resistant, kabuli lines in previous 
years revealed that 27 had relatively little darn-
age caused by the cyst nematode. h'l. ines were 
sown in an advanced screening trial during1984/85 and resistance to HctLrodera sp was 
confirmed in four of them. Simultaneously, 183 
lines developed during 1984 were screened in on 
augmented-design trial with 3 controls in each 
block, ILC 482 (susceptible), ILC 1929 (suscep-
tiblc), and II.C 3279 (tolerant). Twenty-six lines 
were found to have some resistance, having few 
cysts per grain of roots. These 26 lines and the 4 
lines from the previous screening were rescreened. 

Twelve of these were confirmed to be resistant to 

the cyst nematode. 


We also screened 70 lines from our 1984/85

crossing program in an augmented-design trial 

and 7 appeared 
to have sonic resistance. These 
will be retested in 1985/86. Ofnine lines of wild 
species that were screened only one, (icer b/u-
gum, appeared to have some resistance. This 
work on nematode diseases is carried out incooperation with the Instituto di Nematologia
Agraria, CNR, Bari, Italy. 

Other Stress Conditions 

Perhaps as a result of the very low temperatures
in this season few Orobanchesp shoots devel-

oped and leaf miner populations were low. Con
sequently, we could not screen for resistance to 
these pests in 1985. 

Ascochyta blight (Ascochyta rabiel) 

Screening for resistance. The 1984/85 season 
was very unfavorable for the development and
spread of ascochyta blight. After tIle extremely
low temperatures during February and March,
the weather became dry and unusually hot, con
ditions least favorable for ascochyta blight devel
opmnent. Despite repeated spore-suspension 
sprays and sprinkler irrigations, the disease did 
not develop in epiphytotic form. Consequently,
the germplasm breeding lines could not be ade
quately screened and pathological experimentsconducted in the field gave few usefil data. The
disease not only failed to develop at the experi
men t station, but also in farmers' fields in west
ern Asia and northern Africa. 

Effects of spore concentrations of Ascochyta
rabieiongenotype blight reaction. The effects 
of inoculations using spore concentrations rang
ing from 50000 mL-' to 7500000 ml- of Asco
chvta rahiei(race3) on lhe disease development
in 10 chickpea genotypes were studied in a
greenhouse at Tel Hadya (Table 19). Ingeneral,
higher spore concentrations increased the dis
ease severity, but the effects differed among the
 
genotypes. For example, ILC 3996 resisted spore

concentrations of up to 5 million mL-1 but at 7.5
 
million ml-U the plants StIccumbed. However,

ILC 182 and ILC 482 had relatively consistent
 
resistant reactions across all concentration treat
ments. Some genotypes, pirticularly ILC 215
 
and ILC 1929, showed susceptibility to the low
est concentration.
 

Effect of 100% relative humidity (RH) on asco
chyta blight severity. The effect of 100% RH 
for different periods on ascochyta blight development was studied in 10 chickpea genotypes 
that are known to differ intheir reaction to race 3of the pathogen. Longer periods of 100% RH 
increased disease severity and the threshold 
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Table 19. Effect ofspore concentrations(x 1000 mL-') disease is severe in the Punjab Province of Pakison reaction of chickpea genotypes to race 3 of Asco- tan where 80% of the nation's chickpea crop ischyta rabiei, greenhouse trial, Tel Hadya, Syria, grown. Epidemics have devastated the crop in1984/85. several years.
 
Blight severity' at
 

different spore concentrations
 
Genotype 
 50 100 500 1000 5000 7500 Germplasm Evaluation for Resistance to Blight 
ILC 182 2.0 3.7 4.3 4.7 3.3 4.3 In 1984/85, 1688 gerrnplasm accessions wereILC 187 3.3 4.3 4.0 4.3 5.7 6.0 sown in single rows in the Pathology Block ofILC 200 2.7 4.3 5.7 5.7 5.3 5.7 NARC. The susceptible control (C 727) wasILC 215 7.3 6.0 8.0 8.0 8.7 8.7 sown after every 10 test entries. Diseased plantILC 482 5.0 5.0 6.0 6.0 5.7 6.7 debris was chopped and spread over the plots to 
ILC 1929 8.7 8.7 9.0 7.3 9.0 9.0 help initiate blight. At 10-day intervals fromILC 3279 3.0 3.0 5.7 5.7 5.3 6.3 February, spore suspension,; of A. rabici(50 000ILC 3346 5.7 4.7 6.0 6.0 6.0 6.3 spores nl.-) were sprayed on to the trial fourICC 3996 2.0 2.0 3.0 3.3 3.0 6.7 times followed by sprinkler irrigations. Disease
ICC 4935 4.0 3.0 5.0 6.0 5.7 6.7 reactions were recorded in April on a 1-9 scale, 

SE Spore concentration at same or ±0.43 and are summarized in Table 21. None of thedifferent level of genotype accessions was highly resistant and most were 
SE Genotypes at same level of spore ±0.43 highly susceptible, but entries that were rated 5concentration or less will be retested next season. 
CV(,b 14 

I. Measured on a I-9 scale where; I z damage free and 9 =killed. Table 20. Effect of 100% relative humidity period 
length on reaction of chickpea genotypes to race 3 of 
Ascochyta rabiei, greenhouse trial, Tel Hadya, Syria, 

period differed among the genotypes (Table 20). 1984/85. 
For example, ILC 182 showed resistance in all Blight severity' at 1001%humidity
periods, whereas ILC 3279 was resistant when 0 8 I 5 10 15 20 25 30exposed to high humiditi,-s for I day butt was Genotype h h d d d d d d d
susceptible in longer periods. It can be co- II.C 182 2.0 2.3 3.3 2.7 4.7 4.3 3.7 3.7 3.3cluded that if the weather conditions remain ILC 187 2.0 4.3 4.7 4.3 4.7 6.3 6.0 6.0 6.0
favorable for disease development for a pro- ILC 200 2.7 3.3 4.3 4.3 3.3 6.0 6.0 5.0 6.0
tracted period, some of our resistant lines may ILC 215 6.0 6.3 6.3 6.3 7.0 7.0 6.3 8.7 8.7suffer heavy yield losses. ILC 482 2.7 5.0 5.0 6.0 5.7 6.0 6.0 7.7 8.0 

ILC 1929 7.0 9.1 8.7 9.1 8.0 8.3 9.0 9.0 9.0 
ILC 3279 2.0 3.3 3.0 5.7 5.0 6.0 6.0 6.0 6.(1Pakistan ILC 3346 2.3 5.0 5.7 6.0 5.7 6.0 6.0 6.7 6.7
ILC 3996 2.0 2.0 3.0 2.3 3.0 4.3 5.0 6.0 6.0 
ILC 4935 2.1) 5.0 2.7 5.0 4.3 4.75.7ICRISAT has placed a plant breeder/patholo- 6.0 6.0SE ime periods at same or different ±0.42

gist at the National Agricultural Research Cen- level of genttypes
ter(NARC) in Islamabad to strengthen chickpea SE Genotypes at same level of time period 0.41
research in Pakistan. This project, financed by
the Asian Development Bank (ADB), aims to cv% 14develop high-yielding chickpea genotypes that I. Measured on a 1-9 scale where; I = damage free and 9 
are resistant or tolerant to ascochyta blight. T is killed. 
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Table 21. Reactions of chickpea germplasm acces-
sions to ascochyta blight in field plots, National Agri
cultural Research Center, Islamabad, Pakistan, 
postrainy season, 1984/85. 

entries 

1 0 
2 0 
3 5 
4
5 41126 
6-9 1516 

I. Measured on a 1-9 scale where; I disease-free, and 9 
highly susceptible. 

The 210 germplasm accessions that had blight 
ratings of 5 or less in the 1983/84 tests were also 
sown in the Pathology Block for confirmation, 
using the same method. Five were rated at 4, 27 
rated at 5, and the others were rated at more than 
5 and so were considered to be susceptible. Seeds 
of the entries with ratings of 4 and 5 were col-
lected for future evaluation for yield and other 
characteristics. 

Evaluation for Yield and Other 
Desirable Characteristics 

We evaluated 205 gerfilplasm accessions that 
were earlier introduced from ICRISAT and 
tested against blight for agronomic characteris
tics including yield. There were two objectives: 
to select accessions with desirable characteristics 
such as good plant type, large seed, and high 
grain yield that could be directly released as 
cultivars after proper evaluation, and to select 
those which, although not suitable for direct 
release, could be used as parents in the breeding 
program. 

Some of the acceszions flowered in just over 
100 days and vroduced high grain yields. Such 
short-duration genotypes will be of particular 
interest for the Sind Province, where the grow-
ing season isshort. Fifty accessions were selected 
for further testing. 

Crossing Program 

During the 1984/85 season, 49 crosses were 
made involving 16 genotypes. One parent of 
each cross had some resistance or tolerance to 
ascochyta blight. The other parent was either 

resistant or tolerant to blight or had qualities 
that would contribute to high grain yield. Most 
of the parents were lines bred at ICRISAT or 
ICARDA, except a few that were bred locally. 

Segregating Populations 

Eightynine F2, 14 F3, and 260 F4 populations 
were received from ICRISAT for testing. These 
were sown at NARC in replicated trials or single 
rows. Individual plant selections were made with 
respect to blight tolerance, but as plant growth 
was restricted due to late sowing and drought, 
most were bulked within crosses. These will be 
further tested when data on reactions to blight, 
growth habit, yield components, and yield will 
be recorded. 

Generation Advancement 

Some Fis and segregating populations (F2-F5) 
were sown in the Kaghan Valley (high altitude) 
during the off-season (July-September) for gene
ration advancement. 

Training 

We were pleased to welcome many scientists for 
training in various aspects of chickpea research 
and development, in cooperation with our Train
ing Program. The periods of training varied 
from as littie as a few hours, for training in 
specific methodologi, to 3 years for completion 
of PhDs. 

The Sixth International Training Course in 
Pigeonpea and Chickpea Pathology was con
ducted, 7-22 January. Sixteen participants from 
nine countries (Bangladesh, Chile, Ethiopia, 
India, Mexico, Nepal, Pakistan, Syria, arid 



Chickpea 173 

Thailand) attended this course. Also in pathol-	 luation and further selection at their locations. 
ogy, a postdoctoral scientist from India corn- The main theme of the discussion was on how 
pleted his 2-year fellowship having worked on ICRISAT chickpea material has been utilized by
nematodes, and a PhD student arrived to research recipient scientists, and how existing linkages 
races of A. rabiei. between ICRISAT and national programs can 

In agronomy, a scientist from Morocco joined be improved. The participants appreciated the 
us for 3 months to learn techniques used in supply of materials from ICRISAT. They re
research on chickpea Rhizobium, and a scientist ported that some of these materials have been 
from India also completed her training, in used as sources of resistance in their crossing 
microbiology this year. program and that selections from early- and 

In entomology, a postdoctoral fellow corn- advanced-generation breeding materials from 
pleted his 2-year study on the use of pheromone ICRISAT have performed well and are being
and light traps for monitoring populations of H. tested in regional and national trials. The partic
armigera. ipants observed that these annual meetings are 

A scientist from Ethiopia joined us as a helpful to exchange information. They suggested
research scholar to study breeding methods in that ICRISAT should conduct more basic stu
chickpea. He will carry out his PhD thsis dies in physiology And biochemistry to he!p
research with our chickpea breeders and his national programs. 
course work at the local agricultural university. 
,. scientist from India completed a 3-month 
training period, during which he gained expe- Review and Planning Meeting for Asian 
rience in screening for disease resistance and Regional Research on Grain Legumes 
various aspects of chickpea breeding. Another 
Indian scientist has joined us for up to 2 years This meeting, funded by the Australian Devel
and is studying the inheritance of disease resis- opment Assistance Board and sponsored by 
tance in chickpea, under the guidance of our ICRISAT, the Australian Centre for Interna
pathologists and breeders. tional Agricultural Research (ACIAR), and the 

International Rice Research Institute (IRRI), 
was held at ICRISAT Center, 16-18 December

Workshops, Conferences, 1985. The obj ctives of the meeting were, to 
identify cooperative links between organizationsand Seminars 	 concerned with legumes research in Asia, to 
assess the progress made since the Consultative 

Chickpea Scientists' Meet Meeting for Asian Grain Legumes that was held 
at ICRISAT in 1983, and to develop plans for 

This year's Annual Chickpea Scientists' Meet future cooperation in countries of South and 
was jointly organized by ICRISAT and the Southeast Asia. 
Haryana Agricultural University(HAU)at Hisar, Ten scientists from seven countries in the 
3-5 April 1985. There were 59 participants from region (Bangladesh, India, Indonesia, Nepal,
India (including scientists from ICRISAT and Pakistan, Philippines, and Thailand), nine repre-
HAU), 2 from Pakistan, and I from Turkey. sentatives from six international agencies, and 

ICRISAT and HAU chickpea scientisi. ex- ICRISATscientistsdiscussed research and deel
plained and showed different experiments con- opment of chickpea as well as that of pigeonpea 
ducted in breeding, genetic resources, agron- and groundnut in the region. Executive summar
omy, entomology, and pathology. Later, the ies of the technical reports, discussions, and 
participants selected breeding materials in the recommendations are avail-ble from Informa-
ICRISAT and HAU breeding plots. Seeds from tion Services, ICRISAT. 
selected plants have been sent to them for eva- It was announced that a Coordinator for 



174 Chickpea 

ICRISAT's Asian Grain Legume Program had 
been appointed, and that this program would be 
active from I January 1Q86. The meeting pro-
vided the Coordinator with strong guidance that 
was contained within eight specific recommen-
dations. It was stressed that the primary objec-
tives of the new program should include the 
promotion of closer contact between ICR ISAT 
scientists and the relevant scientists in each 
country, and encouragement of a two-way flow 
of information and material. It was also empha-
sized that there was a need for coordination 
between the various international and regional 
organizations, both to integrate research efforts 
and to reduce duplication of effort. Other recomi-
mendations were to identify the problems of the 
three crops in the region and search for soln-
tions, conserve gzrmplasm, meet training re-
quirements, determine moic x--c';y Ilie areas in 
the region where genotypes of the three legume 
crops are adapted and conduct socioeconomic 
studies to find out tile potential uses of the three 
crops in each country of the region. 

Looking Ahead 

Studies directed towards understanding the res-
ponse of chickpea to drought stress, and to iden-
tifying genotypic differences in this response will 
continue as a high priority. Work will continue 
on screening for salinity tolerance and identify-
ing mineral-nutrient limitations to plant growth. 
The effect of mycorrhizal inoculation in chick-
pea is being evaluated. 

Studies to montor popllation changes of 
chickpea rhizobia in soil profiles over time are in 
progress. Interactions between soil-moisture sta-
tus and symbiotic nitrogen fixation will be stud-
ied in more detail. In general, ,'xperiments will 
be conducted on how best to maximize syrnhio-
tic nitrogen fixation in chickpea. The study .)n
residual effects of chickpea in supplying nitrogen 
to succeeding crops will continue. Investigations 
of climatic adaptation and ideal plant type in 
chickpea will also continue, 

We will continue to screen for disease resis-
tance, particularly for multiple disease resis-

tance. We plan to intensify our work on the 
characterization of pathogenic races of Fusa
rium oxysporum f.sp ciccri. We will study the 
nuclear behavior of Ascochyta rabieitodevelop 
a better understanding of its cultural and patho
genic variation. 

We intend to intensify our search for geno
types that have resistance to Holiothisarmigera 
and are adaptated to northern Indian condi
tions. Wc expect to make further progress with 
selections that combine resistance to fusarium 
wilt and H. armigcra. Such genotypes will be 
tested in integrated pest-managenment trials. 

Emphasis will continue to be on breeding for 
stability and high yield. Stability will be achieved 
by incorporating resistance to biotic- and abio
tic-strcss factors. Dif rent ecological zones have 
different resistance requircments that will be met 
in a tailor-made fashion. 

The screening for resistance characteristics in 
early generations under artificial stress condi
tions will receive increased attention, while yield 
and adaptation testing will shift to later genera
tions.
 

The identification and breeding of genotypes
 
adapted to early sowing at lowcr latitudes, late 
sowing at higher latitudes, and high- and low
input conditions will receive increased attention. 

Studies in chickpea breeding and genetics will 
focus on aspects of direct practical importance 
such as the inheritance of resistance to wilt and 
root rots, and the expected yield increase from 
the double-podded and multiseeded-pod charac
teristics. 

The feasibility of the use of tissue culture tech
niques for chickpea improvement will be ex
plored. 

File emphasis of our cooperation program at 
ICARDA will continue to be on developing 
high-yielding lines for winter and spring sowing 
with large kabuli-type seeds, tall stature, and 
blight resistance. In addition to blight resistance, 
the development of lines with resistance to cold, 
leaf miner, Orobanchesp, and nematodes will 
receive due attention. Special emphasis will be 
laid on developing short-duration lines forspring
sowing in the Mediterranean region and for win
ter sowing on the Indian subcontinent. 
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In Pakistan, we expect that the project, to Conference Papers
 
develop high-yielding genotypes with ascochyta
 
blight resistance, will gather momentum. 
 We Gowda, C.L.L., Lateef, S.S., Smithson, J.B., and 
also expect to increase our contributions to the Reed, W. 1985. Breeding for resistance to Heliothis 
development of chickpea in other countries, armigera in chickpea. Pages 36-39 in National 
through our Asian Grain Legumes Program. 	 Seminar on Breeding Crop Plants for Resistance to 

Pests and Diseases, 25-27 May 1983, Coimbatore, 
India. Coimbatore, Tamil Nadu, India: Tamil Nadu 
Agricultural University. 

Jagdish Kumar, Smithson, J.B., Haware, M.P., and 
Hlarjit Singh. 1985. Breeding chickpeas resistant toPublications disease. Page 146 in National Seminar on Breeding
Crop Plants Ior Resistance to Pests and Diseases, 
25-27 May 1983, Coimbatore, India. Coimbatore, 

Institute Publications 	 Tamil Nadu, India: Tamil Nadu Agricultural
University. 

Lateef, S.S., and Reed, W. 1985. Asuggested systemNewsletters of rating pigeonpea and chickpea entries for field 
resistance to Iheliothis armigera. Pages 127-131 inICRISAT(lnternational Crops Research Institute for National Seminar on Breeding Crop Plants for Resis

the Semi-Arid Tropics). 1985.. International Chick- tance to Pests and Diseases, 25-27 May 1983, Coimba
pea Newsletter nos. 12 and 13. Patancheru, A.P1. 502 tore, India. Coimbatore, Tamil Nadu, India: Tamil
324, India: ICRISAT. Nadu Agricultural University. 

Sithanantham, S. 1985. Principles and methods of 
pest management in pulses. Pages 219-228 in Micro-


Plant Material Description bial Control and Pest Management (Jayaraj, S., ed.),
 
Coimbatore, India. Coimbatore, Tamil Nadu, India:
 

ICRISAT (International Crops Research Institute for Tamil Nadu Agricultural University. 
the Semi-Arid Tropics). 1985. Chickpea cultivar Smithson, J.B. 1985. Breeding advances in chickpeas
ICCV I. Patancheru, A.P. 502324, India: ICRISAT. at ICRISAT. Pages 223-279 in Progress in Plant 

Breeding-I (Russell, G.E., ed.). London, U.K.: But
terworth and Company, Ltd. 
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Crop Science 25(3): 576-577. 

Lateef, S.S. 1985. Gran pod borer (/heliothis arinig
era) (flub.) resistance in chickpeas. Agriculture, Eco
systems and Environment 14(1-2): 95-102. 

Saxena, N.P. 1985. Role of potassium in drought 
tolerance. Potash Review No. 5/85:H5. (Subject 16, 
Potash Fertilizer and Manuring, 102nd suite). 

Singh, U. 1985. Nutritional quality of chickpea 
(Cic r arietinwn L.): current status and future 
research needs. Qualitas Plantarum, Plant Foods for 
Human Nutrition 35(4): 339-351. 



P1 GEONPEA
 

'?30
 



Contents
 

Physical Stresses 179 

Effect of Sowing Date on Yield of 

Short-duration Cultivar ICPL 87 180 


Comparison of Short- and Medium
duration Pigeonpea Sole Crops 181 


Salt Tolerance of Pigeonpca Genotypes, 

Rlhizobial Strains, and Symbioses 181 


Biotic Stresses 182
 
Diseases 182 


Fusariuni Wilt 
 182 

Effects of Soil Solariiation 183 

Sterility Mosaic 184 

Phytophthora Blight 185 

Breeding for )isease Resistance 186 

M ultiple-discase Resistance 188
 
Nematode )iseases 189 


Insect Pests 
 190 

Pest Incidence 190 

lheliothis !l'm(,era 191I 

Podly 193
 
Nodule-damaging Fly 195 

Breeding for Insect Resistance 195
 

Plant Nutrition 197 

Relative Response to Phosphorus and
 
Sulfur 
 197
 

Response to Mycorr',:.l Inoculation 197 

Response to Rizo-i;,:;. Inoculation
 
and Fertilizer Nitropcio 198 


Pigeonpea Nodulation Survey in
 
Malawi 
 199
 

Rhizobiu., Culture Collection 199
 

(rain and Food Quality 200
 
Protein Quality 200
 
Cooking Quality 200
 
Milling Quality 201
 

Plant Inprovement 201
 
Short-dura ton Pigeonpea 201
 
Mcdium-duralion Pigconpca 203
 
I.ong-duration Pigconpea 204
 
Vegetable-type I'igeonpea 204
 
lI ibrids 
 205
 

(ooperatke Activities 208
 
International Irials 
 208
 
All India Coordinated Trials 208
 

Training 209
 

Workshops, Conferences,
 
and Seminars 210
 

I.ooking Ahead 211
 

Publications 212
 

(over pholo: Winnowing threshed pigeonpea in an Indian village. 
Thc cor ect citat ion for this report is I CR IS AT (Itcrn ie iuii.. Rc~carehI Ins titte Ior the Semi-Arid lTropics). 1986. AnnuLial
 
Report 1985. Patticheru. A.11. 502 324. India: ICRISA.
 
For offprints, write to: I.egumes Programin, International Crop Research IhasiitUliC or the Semi-Arid Iropics. ICRISAT
 
Patanchert P.O.., Andhra Pradesh 502 324. Indiai.
 



PIGEONPEA
 

Pigeonpea is grown throughout the semi-arid 
tropics (SAT) but is of the greatest importance in 
India, where over 80% of the world's recorded 
production of this crop is grown and consumed. 
It is also an important crop in Kenya. Burma, 
and several of tile Caribbean islands. In many 
other countries it is grown as a backyard crop, 
harvested for I'amily use, and tile statistics of 
such production are not available. 

In IIndia, most of lthe scecd is consunmed as dhal 
(decorticated split seed) iii a variety of food 
preparations. Ill some parts of I tia, and in niost 
other countries, green seeds are harvested, boiled_, 
and eaten as substitutes for, or inI prelerence to, 
green peas ( lisumsaltvum). The green plants ar 
used for fodder and the dried stems arc used to 
make baskets, its thatch, in construction, and for 
fuel. Pigconpea crops are also known to iiprove, 
soil structure and tertility and so give consider
able benefit to subsequ~ent crops. 

A very w\Itc range of pigeonpea types and 
genotypes of varying durations are grown, mostly I 
IS annual intercrops, but olten as perennials. 
Most are unimproved land races and there appears
to be considerable potential I'r genetic and 

agronomic improvement in this very usetul crop. 
Recent work, at ICRISAT ('enter and else- $'egectale-type pigeonpea (center) that can substitute 
where, has shown that short-duration, close- for ptai, Ijsun satirwwm (below). The pigeonpea above

is 1he 1%y1e used for dlial. 
spaced pigeonpea can be very high-yielding andl 
profitable. Therefore research is now being 
increasingly devoted to such types and systems. Hisar, we work on short-duration genotypes 

Our research activities on this crop are con- that can be sown in tile rainy season and har
centrad at three locations in India: ICRISAT veste(l in time to permit the timely sowing of a 
Center ( 18' N, 78' F, 764 mm mean annual rain- winter crop of wheat; aind at Gwalior, we are 
fall), Hisar (29' N, 75'F, 450 mn rainfall) in improving the long-duration genotypes that are 
cooperation with Haryana Agricultural Univer- extensively, and very productively grown as 
sity; and (walior (26' N, 780 F, 840 inni rainfall) intercrops with a range of other crops in the 
in cooperation with Jawaharlal Nchru Krishi Indo-'angetic Plain. 
Vishwa Vidyalaya (.INKV'), College of Agri
culture. 

At ICR IS VI Center we concentrate on tihe Physical Stresses 
de,,elopniei of short-duration genotypes used 
for sole cropping and the niedium-duration geno- We concentrate our researclh efforts on physical 
types used mainly in intercrops with cereals; at stresses limiting pigeonpea yield. These include/ 
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drought, waterlogging, salinity, low tempera- which moisture could limit yields at different 
ture, and photoperiod sensitivity. This year we sowings. The short-duration cultivar ICPL 87 
report on our attempts to develop new cropping was sown on four dates, II June, 25 June, 10
systems for pigeonpea that would best fit into July, and 25 July 1984, with and without irriga
environments with particular constraints. We tion on an Alfisol and a Vertisol. Three harvests 
also report on work on salinity tolerance. We are were made on both soils.
currently developing methods for screening pi- Yield significantly declined with sowing date 
geonpea fordrought tolerance and will report on on both soils (Fig. 1). On the Alfisol, irrigation
this in 1986. did not affect the first-harvest yield, except for 

the !atest sowing. However, a significant response 
to irrigation in the second-harvest yield on this 
soil was observed in all sowings except the first.

Effect of Sowing Date on Yield of Short- Third-harvest yields were markedly increased by
duration Cultivar ICPL 87 irrigation at all sowing dates. 

On the Vertisol, the first-harvest yield increased
We reported earlier that the yields of short- with irrigation at all sowing dates except the 
duration pigeonpea declined with delayed sow- first. The second-harvest yield declined more
ing (ICRISAT Annual Report 1984, p. 167). steeply with delayed sowing on the Vertisol than
Various environmental factors could cause this on the Alfisol. However, on the Vertisol this was
decline. In 1984/85, we examined the extent to not related to the lack of moisture as second

4S00. Rlf isol 
 Vert i sol 

40SE SE
 

±115.2 T-i ±6. 

-C3500 ±204. ± 83.0 SH ±114.7 ±160.3 

± 44.7 FH t 44.9 

ti 
2000. 

0"1-
 !
 

0M
 

1-+1 -1+ 
 -1+11 -1+1 
-1+1 -1+1 -1+1 -1+111 25 10 25 
 11 25 10 25
 

Jun Jul Jun Jul
 

Sowing date
 
Figure 1. Effect of sowing dale on the first (FHi), second (SF1), and third harvest (TI) and total seed yield (kg ha-')of pigeonpea ICPI. 87 grown without (-I) and with (+) irrigation on an Alfisol and aVertisol, ICRISAT Center,
1984/85. 
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harvest yield wac either not affected by, or was taged short-duration pigeonpea. Using recently
decreased by iriigation. This decrease with irri- derived information on the agronomic require
gation might be due to the development of anaer- ments of short-duration pigeonpea, we com
obic conditions in this soil. Except for the earli- pared the performance of a short-duration cul
est sowing on the Vertisol, the increase in tivar, ICPL 87, with a well-adapted medium
third-harvest yield from irrigation was signifi- duration cultivar, BDN I. The short-duration 
cant for both soils. The increase in totalyield due cultivar was sown at 33 plants M-2 and the 
to irrigation was significant in all sowings except medium-duration cultivar at 6.6 plants m-2on 15 
the earliest on the Alfisol and was not significant June 1984 on both an Alfisol and a Vertisol at 
for any of the sowings on the Vertisol. ICRISAT Center. Both cultivars were irrigated 

The results of this study confirmed earlier and given optimum protection against insect 
observations on the depressing effects of delayed pests. 
sowing on the yield of ICPL 87. The decline in Even though the growth rates of individual 
total yields with delayed sowing on Alfisols may plants of ICPL 87 and BDN I were similar, 
be partly due to a moisture limitatioi. This is to crop-growth rates and rates of leaf-area devel
be expected in view of the lower available water- opment were greater with ICPL 87 due to its 
holding capacity of this soil. However, in spite of higher plant density. Both these characteristics 
this, second- and third-harvest yields on the are desirable for the sole cropping of pigeonpea.
Alfisol were generally higher than on the Ver- IC13L 87 produced two flusl,,s of pods in a simi
tisol, both with and without irrigation. This lar time to that required for BDN I to produce 
aspect is being investigated further. The results one flush. The first-harvest yield of ICPL 87 was 
also suggested that, at ICRISAT Center or in 2380 kg ha-' on an Alfisol and 1790 kg ha- I on a 
similar environments, it may be desirable to sow Vertisol aid the second-harvest yields were 1710 

-
early, not only to obtain higher first-, second-, kg ha on the Alfisol and 1360 kg ha- I on the 
and third-flush yields, but also to minimize the Vertisol. Thus the total yields were 4090 kg ha- I 

irrigation needed to obtain these flushes, partic- on the Alfisol and 3150 kg ha- I on the Vertisol. 
ularly on Alfisols. The seed yields of BDN I in a similar period were 

The major reason for the decline in yield with 2340 kg ha-' on the Alfisol and 2400 kg ha-Ion 
delayed sowing may be the progressive low- .ing the Vertisol, significantly lower than the total 
of temperature over time resulting in reuuced yields of ICPl 87. This result demonstrated that 
total dry-matter production. There were signifi- the overall yield potential ofshort-duration geno
cant correlations (P.< 0.01) between total dry- types, when grown at an appropriate density and 
matter produced at the first harvest in various sown at the right time is more favorable than 
sowings in different experiments (pooled) and earlier thought. 
mean prevailing temperature (r =0.91), and be
tween dry matter and growing degree-days
 
(r =0.75). Salt Tolerance of Pigeonpea Genotypes,
 

Rhizohial Strains, and Symbioses 

Comparison of Short- and Medium-duration To investigate genetic variation for salt toler-
Pigeonpea Sole Crops ance, we screened 29 pigeonpea genotypes and 

14 rhizobial strains at different levels of NaCI. 
Our previous studies have shown short-duration Considerable genotypic variation in salt toler
pigeonpea to be lower yielding than medium- ance was noticed among pigeonpea genotypes 
duration pigeonpea, when grown at ICRISAT (Fig. 2)and a salt level of 60 mM was found to be 
Center (ICRISAT Annual Report 1977/78, p. the critical limit for survival. Pgeonpea rhizo
102). These comparisons were made using simi- bial strains also showed significant differences in 
lar cultural practices, which may iave disadvan- NaCI tolerance in yeast-extract, mannitol-agar 
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to be svmbiotically more efficient than I HP 100 
even though the latter was more salt tolerant 
(Fig. 3). Among the genotypes, IC'PI. 227 nroved 

dI to he the most tolerant to salt stress with respect 
r4--	 to ntdulation and growth. The nitrogen-fixing 

potential of tile nodules, however. wa; not 
aflected by salinity in any of the vemotypes but 
Ithere wast illcleise InI the spCecific nitrogenase 

S30-	 and nodules tunder sa sit . s that Plantres It,en 

ICPL 332 C I ICPL 358 ICPL 227 	 growth is more sensitive to salinit\ than the 
Rhiohiumstrainor symbiotic function but also

Fiinre 2. Effect of silt 	(30 mn, Na(I) %IresoilIht that plant response to salinity can he influenced 
groith of four li eonpta genotlslps, 45 I). 	 . 1 the particular Rhlkobium strain forming theI( lI by 

SAT (Center. 1985. 
 sVn bitbsis. 

Inedia. with salt levels ranging frotm 0.25'; to
 
5%. Fast-growing rhizoial strains Were tnore 
 Biotic Stresses
 
salt tolerant than slow growers. Strain Il P24, a 
fast grower isolited fromlt nolal soil, was found 1)iseases 
to be the Most tolerant, .Cen whnC 0ompalred
with strains isolated firom11 [usalItli wilt ( '-.usaii rn/urn), sterility io"aline soil. 

We studied the effects of salt stress 	 on the saic, and phytolhthora blight ( Phi'tophihora
svnibiotic ahilitv of' 	four pigeonlpea genotypes dch.lcri 1.sO c,',In) WCre observed in tnost

inoculated with either oltwo Rhilobihunstrains, states of India. lhusariuin wilt iicidence 
 kkas 
differing in their growth i 	

vas, 
niid salt tolerance, usual, moer: sCvere in \Iaharashlra than in other 

to (leternline the involvement of host tolerance states that \%C visited. Sterility Inosaic was severe
and Rhihlojuium efficiency in synibiotic nitrogen in the soitfherni Indian state of Iamil Naidu. InI 
fixation. Rhi,'oblum strain HIP 195 was found northern India, we found phytophihtora blight to 

be more common ii experiment stations thal in 
farners' fields. In a liniied siCrvv iII the lowland 
areas of' Nepal, scattered incidences of fusariuim 
wilt and sterility mosaic were observed. At Par
wanipur Research Station itt Nepal, we observed 

4V., IsMosaic Syliptoslis that could not he associated 
with any known virtis. 

f " :y f >,_f., 	 ]"lsaritlim W~ill (Pl'ulsuriuml uldum) 

I,,. 3(8 	 Screening for resistancie. We ti,ntinud to scI.,:n 

1 b 	 new gernhplasm accessins, p rogenies, an( ad
vanced lIties iIt wilt sick ilots at I( R ISA" ('en-

Figure 3. Effect of Rimbium,,%trains hIPill00 ) ter to identify wilt-resistant accessions and liites. 
lind IIP l195 (itointhle'groltlh of pigcunpa .toli1; Materia! was scitened iII \%dIt sick plots oil Ver
(PI, 358, %1illI15mMiI nd 31) mli Nit 
 I in Il nie'dia, 	 tisols and Alfisolls where susceptible cotrol lites

45 ),S,IRISAI ( enter, 1985. showed about 901T wilt incidence. We 	selected 



Pigeonpea 183 

lines showing less than 20% wilt in the first compared to the other two, gave more uniform 
screening and less than 10% in subsequent wilting and in a relatively short period (Table 1). 
screenings. A set of 238 new germplasm acces
sions received from our Genetic Resources Unit 
was screened in the Vertisol wilt sick plot. Of Effects of Soil Solarization 
these, 34 accessions showed less than 20% wilt. 
Of the 15 selections from germplasm accessions Soin solarization is a technique that involves 
made in 1981/82, 11 selections from ICP 616, covering the soih with transparent polythene 
1680,4784, 6654, 6974, 11308, 11324. 11368, and shectingduringsumnler, thus increasing soil tem
11405 showcd resistance to wilt for the 4th con- peratures. It has been primarily used for the 
secutive year. ttrol of soilborne pathogens but it also has 

Large amounts of breeding material were other beneficial effects on subsequent crop growth. 
screened in the Vertisol wilt sick plot, including We evaluated this technique for its effects on 
16 F 3, 250 F, and 250 F7 single-plant progenies, pigeonpea, particularly in relation to control of 
46 F,, 9F, and 4 F, intergeneric bulks, advanccd wiit (. tdun'), in a multidisciplinary experi
lines in short- Ltnd medimn-duration groups and ment conducted during 1984/85. 
entries from the Medium-duration Pigeonpca The experiment was laid out in a Verisol wilt 
Wilt Resistant Yield Trial (M PW RY), and from sick plot in a split-plot design. Irrigation and no 
the Medium-duration Pigeonpea Unselected Bulks irrigation prior 'o solarization were main-plot 
(M PUB). We also screened inbred lives, selec- treatments and "actorial combinations of with 
tions from dwarft'ines, and irradiated ICPL 265. anId without solarivation and wilt-resistant (ICP 
In the M PWRY, four aines, ICPI. 335, 8357. 8863)and susceptible(l.RG 30) pigeonp ,ageno
83(,2, and 84003 were rcs;stait to wilt, and in the types \,ere subplot treatments. The subplot size 
advanced lines. 1C0I 84006, 84014, and a selec- was 6 in x 6 n1, and there were six replicitions. 
tion from !CPX 78153 were resistant. Materials The soil-solarization treatment was applied from 
showing less than 20) wilt were advnced for 13 April to43une 1984 and the crop was sown on 
further te:;ting. 25 June 1984. Solarization increased tempera

tures in the 0-5 cm soil profile by more than 100C 
Mod'fication in the pot-screening technique. during the day. 
We published in Pigeonpea Diseases: Resistance In both gcnc,ype, .olarization resulted in ear-
Screening "lechniques, ICRISiAT Information lier flowering and maturity as vell as greater 
Bulletin no.9 (1981), two methods of pot screen- yields ofs,:id and total above-ground dry matter 
ing for wilt resistance. In one method, direct (Fig. 4). [ilects were greatest for the wilt
sowing was done in sick soil in pots and in the susceptble cultivar and could, at least partly, be 
other, test seedlings were transplanted into sick attributed to lower numbers of Fusariumpropa
s)il. When we used these two techniques in gules :hvt resulted in less wilt incidence in the 
inheritance studies, we found them inadequate solarized plots. However, the stimulatory effects 
to meet our needs because of seedling-ti-seedling of solarization on the wilt-resistant genotype 
variation in the number of days to wilt and also must be attributed to factors other than the con
because more than a month was normally required trol of wilt disease. Although causal factors 
for wiltint' of all the s e:dlings of a susceptible could not be differentiated, we found that solari
cultivar grown in a pot. We, therefore, compared zation suppressed weed growth and nematode 
thle above two methods with another one in populations, and enhanced mineralization of 
which 7-day-old ,eedilngs grown in sterilized soil nitrogen. We also observed that solarization 
sand were root-inoculated with thc. inoculum caused a fourfold reduction in the native Rhizo
multiplied on potato-sucrose broth. Seedlings bium population, and that the nodule number 
were then transplanted in autoclaved riverbed and mass, and acetylene-reduction activity were 
sand or soil in 15-cm plastic pots. This method, lower in solarized plots at 30 days after sowing 

http:susceptible(l.RG
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Table 1. Comparison of inoculation techniques used to pot-screen in a greenhouse for fusarium wilt (Fusarium
udum) resistance in three pigeonpea genotypes, ICRISAT Center, 1985. 

Time from sowing or transplanting to 
death of 90% of the plants (d) 

Particulars ICP 2376 ICP 8518 ICP 6997 
Sown in 
inoculated sand 
inoculated Vertisol 
inoculated Alfisol 

66 
NW 2 

70 

(12.2)' 

(12.9) 

80 
77 
65 

(14.7) 
(1-.3) 
(12.0) 

125 
NW 
105 

(23.0) 

(19.3) 
Seedlings transplanted in 
inoculated sand 
inoculated Vertisol 
inoculated Alfisol 

56 
56 
39 

(10.3) 
(10.) 

(6.7) 

38 
53 
31 

(6.5) 
(9.6) 
(5.1) 

58 
81 
37 

(10.8) 
(14.8) 

(6.2) 
Seedlings whose roots were dipped in inoculant, 
and transplanted in 
autoclaved sand 
autoclaved Vertisol 
autoclaved Alfisol 

24 
23 
32 

(3.7) 
(3.6' 
(5.2) 

15 
6 

15 

(2.2) 
(2.6) 
(1.8) 

23 
23 
22 

(3.5) 
(3.5) 
(3.3) 

SE (±0.92) 
CV% (10.1) 

I. Figures in parentheses are the mean numbers of 5-day periods analyzed. 
2. NW = less than 90% of the plants died in these treatments. 

I TM SE ±248. 8 
rd 
Cr4000 

- 0 -. 
300 .. 

IN2000-

CIO(000 - .Nature.
 .o 

n 0 
5 +5 -5+S -5+5 -5+5 
-I +I -I +I

LRG 30 GenoCP 8863 

(DAS). But, plants in solarized plots obviously 

recovered from this early inhibition of symbiotic
nitrogen fixation (Fig. 4). 

Further studies are in progress to confirm, 
explain, and explore these dramatic effects of
soil solarization on pigeonpea growth and yield. 

Sterility Mosaic 

of the causal agent. In several purifica
tion attempts using infected leaves, we were able 
to consistently obtain flexuous, rod-shaped, 
virus-like particles (VLP) of regular thickness 
and different lengths (200-700 nm) (Fig. 5). We 
are making efforts to modify the procedure toobtain higher concentrations of VLP than those 

Figure 4. Effect or solarinitioi (+S solarized, -S 
nonsolarized), and irrigat'on (+ = irrigated, -1= non-
irrigated) at (he time ofsolarization on seed yield and 
total dry matter (TDM) of wilt-susceptible (LRG 30)
and wilt-resistant (1018863) pigeonpea genotypes on 
a Vertisol, ICRISAT Center, rainy season 1984/85. 

obtained so far. We were able to obtain similar 
particles in the vector mites Aceriacajani(Fig.6) 
collected from infected plants, but not in the 
mites from healthy plants. Our attempts to 
transmit the causal agent through sap were 
unsuccessful. 
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&from the 1980 selections, 100 from the 1982 
selections, and 21 from the 1983 selections.
Selections from 1981 were not tested. Some of 
these materiaL are already being used for mul

, tilocational testing. 
Ten progenies from six Heliothis-resistant 

lines were free from the disease. Of the 92 entries 
included in the 1984 Arhar Coordinated Trials 
(ACTs) 14 were free from sterility mosaic. 

Figure 5. Flexuous rod-shaped particles that may be 
sterility mosaic pathoge ns (electron micrograph, bar 
length represents 75 min), I(RISAF (enter, 1985. 

Healthy mite colony. We cal now obtain a Figure 6. Iceria cajani, mile vectors of pigeonpeacoln),. ite 
healthy (sterility mosaic pathogen-free) colony sterilil'saic disease(- 30approx.). I('RlISAl(en-

Healthy Wecaninowootainc
 
in

" ter, 1985. 
of the vector mites. The procedure involves 
inoculating 10-day-old seedlings of the sterility 
mosaic resistant line ICiP 8136 with mites from 
infected plants. A 30-day intcrval is allowed Phytophtora Blight (Phytophthora drechsleri 
before the mites from ICP 8136 p.ants arc trans- f.sp cajan) 
ferred to sterility mosaic susceptible BDN I 
plants. In repeated tests we found that such mites Selective medium. After evaluating a laige 
do not produce symptoms on the susceptible numbe of media and attempting various formu
cultivar, clearly indicating that ICP 8136 allows lations, we succeeded in synthLizing a medium 
multiplication of mites, but the causal agent is that is effective in selectively isolating P.drech
not transmitted to their progeny. Thus, it should slcri f.sp cajani(Fig.7) from infected stubble as 
be possible to obtain healthy mite colonies at any well as from field soil. The constituents of the 
location if one uses a sterility mosaic resistant medium, which we called SM 19, are: Benlate® 
line that allows multiplication of the vector (50% benomyl) 20 ppm; Hymexazol® 20 ppm; 
mites. Mycostatin® 50 000 units ; pentachloronitro

benzene (PCNB) 20 ppm; Pimaricin® 5 ppm; 
Screening for resistance. As in 1984, we screened Vancomycin® 200 ppm; and Rifamycin® 10 
a large amount of material including germplasm ppm in standard potato-dextrose agar. 
accessions, progenies, and advanced lines in the 
sterility mosaic nursery, using the infector-hedge Leaf-baiting techniqde. We adapted the well
technique developed at ICRISAT Center. known "leaf-baiting" technique as follows: 10 g

We confirmed resistance in 17 progenies from of sieved (80 mesh) field soil ismoistened in a 150 
the 1979 resistant germplasm accessions, 52 mL beaker. After 24 11,the soil is flooded with 



186 Pigeonpea 

blight symptoms within 3 days after rains. We 
obtained repeated confirmation of this phe
nenon f. 

Pathogenic tariation. Iight isolates ofP. drcch
sleri fsp cq/Iijan from India 	 P2, P3, BF, (all 
fifol IC RI SAT ('enter), I[It(Varanasi), Dholi, 
tlis(Ilisar), 1ARI (New I)elhi), and KlPR (Kan
pur) were tested and found to vary illcolony 
ilorph{}hogN, rate of,growth, and number- ol'spo
rangia and /ioosp{orcs produced. All isolates,

I, Lexcept P3 and l)holi, (lilhered in pathogenicity
Figure 7. Sporangia (whit specks) (if'h'tmhi/hiru oil a prelinminarv set of1diflfrcntial cultivars. All
dr'ehIerif.sp cajanifrmn ,,n infclvtd It:ifgirming in the cultivars \,erc Iound susceptible to the P3 
a Selecctil Iedillll. l(U ISAI (enitr, 19X5. and I )hoi isolates. 

Screening for resistance. 'Io identify soures of100 ill.water amended with 20 ppiii Benlatc", resistance to the P'3 isolate of/ 1. dlrcchslenl.sp
20 ppm Ileync\a/ol'V. and 1(0 ppil penicillin hy 	 +,a/i, we contimued scrcitin a nomleCr ofI
pipetting along the side of tile beaker so that the pigonpea tines inI pole.i:ithe grccahtiose 1w thc 
watCrremains clCar. Alter 24 htof tlooding,cl soil intoculation 

5-num diamctel leat discs of i phyttophthora Infol lrlation littllctii no. 9). Ile material tested

blight susceptible pigconpcale.. l1v 3") alc iiicluded critri+CS Ifrom the ArfIar 


.ca dt\!1ch method (ICRISAI 

Coordinattd
 
floaCd Oii 1ft: %\\.tr surflace.. and left ovC. night Trials A(C I'), the Mcd[ittn-dtIrtioll Plige,,nlpea

IN 1"). 'These Ical discs arC then 
 washed and Sterifit\ Mosii. \Vilt Resistant Yield Trial
 

placed in strilC distilled \1atei.Sporaneial 
 or- (%I1)' \VRY). the I(AR/l('RISAI lJnirlrmmatio can he observed oii the edges of the leaf Irial for Pigcon pea lhyIoptit fpora ,light Rcsis
discs \ithuin 30 h1.if the filungus is present in the taimcc (III I PlIBR) 1983 84,sterility mosaicand 
soil. [hC haited Icat discs are then tImnslerred to wilt-tolcrlnt lines, elite pigconpca lines, germ
the selccti\c nueditii, S "I 1). 	 plasm lines prCviously rccCOrdCd as totlerant to the 

P3 isolate, and selections frol single plants thatSurvival. UIsing the S I sl-cti\c medinm previously snr\ived field inoculation with the P3 
and the leaf-baiting techniquC, \\ established isolate. None of the 335 lines tested showcd 
that the pathogcn survives ill soil and ill promise. Vc will continue to collect scltcd scedinCctcd 
plant dChris Ior more-C thanM a Cyear. (ur earlier i-om the plantS slrviving after inocuhltion for 
studies using pathogcnicity tests indicated that use in further testing. 
tile patlogen did not survive ia infected plant
debris for morc han 3 months. Ihc,,c new find- Interaction between mycorrhizae and phytoph
ings indicating lhlt survival is possibc lot at thora blight. \Vc were able to confirm the 
least a year. point to infected .,ttlbhlc as onre otl results reported in the 1984 Annual Report (p.
the sources of primary infection. 171) that "vCsictlar.lj arbtusClarI ycorrhizac 

(VAN) reduced blight incidence in greenhouse
Spread. \Ve de monstrated that the pathogen is experiments. 
able to spread as /oosporscs through raintdrops 
accompanied by winds. len-day-olh igct)npc B 
seedlings of the susceptibleIl l pigwnipcilile Breeding for isease sistance 
with attoclaved soil, when olaced downwind Illshort duration pigconpea, we screened 40 
and 1.5 inlaway fron infected plants, showed advanced lines in tihe wilt sick nursery, to puril ' 

http:vCsictlar.lj
http:dlrcchslenl.sp
http:dr'ehIerif.sp
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them before multiplication. In the sterility mos-
aic nursery we screened 465 advanced lines and 
another 50 for purification in 1984 and screened 
33 lines in the multiple-disease nursery for puri-
fication before multiplication. 

In medium-duration pigeonpea, we screened 
11 bulk populations, 589 single-plant progenies, 
and 90 advanced lines in the wilt sick nursery; 83 
bulk populations, 60 single-plant progenies, and 
64 advanced lines in the sterility mosaic nursery; 
and 21 bulks and 48 single-plant progenies in the 
multiple-disease nursery. Selected material,; are 
being tested for yield or screened further in 1985. 

In long-duration pigeonpea, we screened 194 
advanced lines in the wilt sick nursery and in the 
sterility mosaic nursery to purify them for multi-
plication. In the multiple-disease nursery, we 
screened 45 advanced lines for multiplication 
and took single pods from resistant plants in 36 
F4 bulks and 7 F, bulks, 

Disease-resistant pigeonpea genotypes will 
generally yield more than normally high-yielding 
but susceptible cultivars when both are grown 
underdisease pressure. However, disease-resistant 
genotypes will not be accepted by farmers unless 

their yield compares favorably with the control 
cultivars under normal low-disease conditions 
or disease-free conditions. Unfortunately, resis
tant genotypes often do not yield s(, well as sus
ceptible ones when there is no disease incidence 
and therefore resistant genotypes may not be 
identified for release in the normal All India 
Coordinated Yield Trials, which are grown 
under disease-free conditions. For this reason 
the All India Coordinated Pulses Improvement 
Project (A1CIl P) has set up a series of multilo
cational trials for the different duration groups 
designed to identify the higher-yie!ding, disease
resistant pigeonpea lines for direct release as 
cultiva;s. Lines from ICRISAT Center with 
rcsistance to wilt and/or sterility mosaic are 
being tested in these trials. 

In the 1984 AICI)IP Medium-maturity Pigeon
pea Wilt Resistant Yield Trial (MPWRY), 18 of 
the 22entries were from ICRISATCenter. Four 
ot these lines yielded well at ICRISAT Center in 
1984 (Table 2) and showed resistance to sterility 
mosaic. In the 1984 A1CPIP Medium-maturity 
Pigeonpea Sterility Mosaic Resistant Yield Trial 
(MPSRY), 12 of the 16 lines were from ICRI-

Table 2. Performance of wilt-and sterility mosaic resistant lines in the Medium-maturity Pigeonpea Wilt-
Resistant Yield Trial (NIPWRY) grown in a disease-free field, ICRISAT Center, rainy season 1984. 

Time to 50% Time to Plant 100-seed Grain yield Sterility Wilt 
Line flowering (d) maturity (d) height (cm) mass (g) (kg ha-1) mosaic(%)' (%)1 

ICPI. 227 112 173 190 10.1 2740 (6)2 0 3.3 
ICPI. 8362 117 176 194 8.2 2730 (8) 0 0.0 
ICPIl. 8363 120 179 197 8.1 2500 (15) 0 9.1 
ICPIL 335 122 181 191 8.9 2490(17) 0 6.0 

Control 
C I1 114 175 184 10.1 2980 (2) - 80.0 

SE ±0.3 ±0.4 ±2.8 ±0.20 ±162 

Trial mean
 
(22 entries) III 170 181 10.0 2592
 

CV (%) 0.5 0.5 3 4 13 

I. Disease results are from the appropriate disease nursery. 
2. Figures in parentheses represent overall rank in trial. 
3. - = Not grown in sterility mosaic nursery with other lines. 
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SAT Center. Six of these lines which showed no 
disease symptoms in the sterility mosaic screen-
ing nursery, were in the tep sever positions for 
yield at ICRISAT Center (Table 3).

Three long-duration pigeonpea lines have 
shown some resistance to sterility mosaic, with 
similar yield to the control cultivar Gwalior 3 at 
two locations in central India over 3years (Table
4). One of these lines, ICPL 83143, ,,nd the 
multiple-disease resistant line ICPL 84072, were 
tested in the 1984 AICPIP Late-maturity Pigeon-
pea Sterility Mosaic arid Wilt Resistant Yield 
Trial (LPSMWRY). Undcr severe sterility mos
aic disease pressure in 1985. ICPL 8398 and 
83143 have shown about 40% infection, which 
was much less than the control. Selfed, resistant 
plants are being selected under this severe dis-
ease piessure to upgrade and purify the sterility
mosaic resistance of these two lines, 

ICP 8863, an ICRISAT selection from cul-
tivar 15-3-3 from Badnapur in Maharashtra, was 
released (as Maruti) in Karnataka in 1985 because 

of its very high level of wilt resistance, good
yield, and seed size. It has shown virtually com
plete wilt resistance over several years in coun
try-wide trials. This variety was released in Kar
nataka because yield losses from wilt, which 
were assessed as 1000 tonnes of grain in 1976, 
have been increasing, particularly in areas of the 
State where cultivation of this crop has intensi
fied. Without a variety like Maruti, pigeonpea
production was becoming impossible in some 
areas of Karnataka. 

Multiple-disease Resistance 

We screened a total of 445 entries in our multi
pie-disease nursery on an Alfisol to identify lines 
with combined resistance to three major pigeon
pea diseases: wilt, sterility mosaic, and phytoph
thora blight. The entries included breeding mate
rial (advanced progenies, F4 single-plant selec
tions, bulks, and progenies), elite lines, selec-

Table 3.Performance of sterility mosaic resistant lines in the Medium.maturity Pigeonpea Sterility Mosaic
Resistant Yield Trial (MPSRY), ICRISAT Center, rainy season 1984. 

Line 
Time to 50% 
flowering (d) 

Time to 
maturity (d) 

Plant 
height (cm) 

100-seed 
mass (g) 

Grain yield 
(kg ha 1 ) 

Sterility 
mosaic (%)' 

ICPL 343 
ICI'L 84071 
ICPL 8349 
ICPL 8343 
ICP2376 
1CPL 342 

102 
115 
114 
103 
113 
115 

160 
175 
172 
160 
171 
173 

189 
188 
187 
177 
171 
184 

9.7 
12.2 
8.0 
10.7 
8.8 
7.8 

2430 
2270 
2140 
2140 
2120 
2110 

(2)2 
(3) 
(4) 
(5) 
(6) 
(7) 

0 
0 
0 
0 
0 
0 

Controls 
CII 
BDN I 

116 
98 

174 
161 

183 
161 

9.4 
9.6 

2740 (I) 
2010 (12) 

6.7 
12.1 

SE ±0.7 ±0.8 ±3.0 ±0.45 ±128 
Trial mean 110 169 182 9.9 2090 
(16 entries) 

CV (%) 1.2 0.9 3 9 12 
I.Dis-:asc results are from the sterility
mosaic nursery.

2. Figures in parentheses represent overall rank in trial. 
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Table 4. Yield performance of three sterility mosaic resistant, long-duration pigeonpea lines, Gwalior and 
Morena, 1982, 1983, and 1984. 

Disease incidence 
Grain yield (k!, ha-1) in sterility 

mosaic nursery, 
1982 19.3 1984 ICRISAT Center (%) 

Line Gwalior Morena Gwalior Morena Gwalior Morena Mean' 1984 1985 

ICPL 8398 28F0 3710 2300 294) 276) 2570 2690 0 40 
ICPL 83132 3010 3300 2040 2400 3030 3030 2700 5 NA2 

ICPL 83143 2430 NA2 2040 3160 240t) 3(70 2620 5 40 
Control 

Gwalior 3 2810 2890 2130 2370 3159 2460 2580 44 88 

SE ±247 ±191 ±277 ±245 ±211 ±206 

Trial mean 2530 2470 2150 2600 2570 2600 

Number of
 
entries 22 22 20 20) 16 16
 

CV(%) 20 15 20 16 17 16 

I.Excluding the data fron the 19N2 trial at Morenta. 
2. NA z not available. 

tions with reduced susceptibility to phytoph- We studied the relationship between popula
thora blight, sterility mosaic and wilt-resistant tion densities of H.cajani,R. reniformis,and H. 
selections of Kenyan origin, F4 bulks from Gwal- seinhorstiandthe growth of pigeonpeas. Hetero
ior, short-duration lines from Hisar, selections dera cajaniaffected shoot and root mass more 
from the Indian States of Andhra Pradesh, Guj- than shoot length. Initial populations of50 nema
arat, and Maharashtra, and ACT entries. Of todes and more per 500 cc of soil were found to 
these, 37 entries showed 0-10% incidence of the affect pigeonpea growth. In the case of R. reni
three diseases. These were selections from ICP formis, even an initial population of 5 nema
5097 and 8094, ICPX 74360, 80057, 80060, todes per 500 cc was found to affect shoot mass, 
80061, 80063, 80204, 80264, 80267, 80273.80275, and all growth parameters were adversely affected 
80284, 80287, and 80289, and BSMR 528. at initial populations of 1000 nematodes per 500 

cc of soil. In the case of H. seinhorsti,we found 
that initial populations of 50 nematodes per 500 

Nematode Diseases cc soil affect growth. 
Studies on the interaction between nematodes 

We confirmed our results of 1984, which found and F. udum indicated that the reaction of wilt
that eight parasitic-nematode species (Hetero- resistant line ICP 8863 was not affected by H. 
dera cajani. Helicotylenchus indicus, Helicoty- cajaniand R. reniformis, but wilt incidence in 
lenchus retusus, Hoplolaimusseinhorsti,Melo- the susceptible line ICP 2376 was earlier in the 
idogynesp, Pratylenchussp,Rotylenchulusreni- presence of nematodes. We observed that the 
formis,and Tylenchorhynchussp)attack pigeon- root-knot nematode (Meloidogynesp) may break 
peas. Heteroderacajaniwasfound to be substan- the wilt resistance of ICP 8863. Fusariumudum 
tially more prevaient in Vertisols than in Alfis- had an antagonistic effect on the multiplication 
ols, while the reverse was true with H.seinhorsti. of these nematodes. 



190 Pigeonpea 

common and damaging, particularly on early
flowering, determinate genotypes. These larvae 
feed on the leaves, flowers, and pods that are tied 
together in their silken webs. As in niost years, 
the flower-feeding blis;ter beetles ( Mvlabrispus
fla/ta), were very comlon from September to4 November. 

At ICRISAT Center. the hymenopteran pest
 
Td last,iI(nLSOd cScaianIla) was verv damaging,


particula rl to the pods of the ratoon fHush of the

early genotypes, and long-duration genotypes.
 

H]owever, tilis pest is at present only a research
station nuisance for it is relatively rare in farmers' 
fields, The podlv ( Nlelagrmnva ohtusa) 
caused substantial losses in long-duration geno
types both ol research stations and in farniers'Iigure 8. ('Osts oif l Itnnalode IIetroderacajtmionn 	 fields. Ilhe pod-sucking bugs (( a igralla gih

a pigeon pui rmot (,621)), I( I.A I ( enter, 1985. 	 hosuh I)ol'cOIi's inicUs, all(]Nd ,Vi'l iriula) 
were moure colmron than usual. Fceding by these 
insects results in shrivelled seeds with reduced 
mrarket Valne (lFig. 9). 

Mainy tiher insects were reported as pests of 
pigeoipea at Variouts locaLiOniS. We now have JWe made sone rodifications to the standard list olabot 2010 insects that have been reported

procedires adopted for obtaining tile cyst nema- as pests of pigeonpea, but riost att minor, spo
lode H.cajani(Fig. 8) fron soils. 
For example, radic.' or of locali/ed i nporta ne.
 
we foutnd that tl,e
use olan S0-mesh sieve inrstead 
of the standard 6) nesh, was rmiore efficiei! for 
collection oufH. caji~ai cysts, as it retained I I 
28.'j, more cysts. Also, wed isco, ered that eggs of 
HI. cajanIi couldlbe easily collected froi roots bv 
placing the:'i inI 0.2(7 sodiui hvpochlorite soli-
tion lot 2-3 iintttes. 4t 6 

Insect Pests 

Pest Incidence 

In the 1984/85 season, the pod borer (HelothLs 
airmigera)caused heavy losses to nonprotected 
pigeonpea at ICRISAT ('enter aind in t'armers' 
fields in rn~rty areas of central vnd southern )

India. )at age was particularly severe in very,
early-flowering genotypes and inilledilnm-dllra- Figure v. ( htlvigrulla gihho. 
 i suckig pest of 
tion genotypes. II northern India there were igelonlt'a (lteft) and the weeds dal1aged I)thi, l)itl
reports that weh-forrniig lepidoptera, (MAr.1'Uc (iop righl) c(iIIpamrt, silih mi.nlaiaged seeds (lIoth
testulalis and ('vdia critical), were Illllsliallv rigt). I IS.%l ('enler,.( 1985. 
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Heliothis armigera 3.0 m s-1 could lead to broken plumes and at 
higher speeds the moths would not be able toPopulation monitoring. We received data of make progress when flying against the wind.nightly catches of male moths from 110 phero- An array of 28 pheromone traps, with anmone traps at 54 locations across Bangladesh, intertrap spacing of 300 m, was operated on aIndia, Pakistan, and Sri Lanka. This networK Vertisol at ICRISAT Center from July 1984 touses ICRISAT Standard Traps that were devel- February 1985. Nightly catches were recordedoped in collaboration with scientists of the Trop- from each trap and these data allowed us toical Development and Research Institute (TDRI), examine variances across areas and time. TheLondon. The bait in each trap is a rubberseptum catches were influenced by the proximity ofimpregnated with a synthetic mimic of the scent pigeonpea and sorghum crops to the traps as(pheromone) produced by the female moth to shown by tie following regression equation.


attract the male. Yhe impregnated septa 
are

supplied by TDRI and the traps are constructed y = 116.5 -0.15 7(±0.[297)xl_0.072(±0.0268)x2;

at ICRISAT Center from locally available ma- =0.50
2r
terials. 
 Where


A 2-year study of the data from these phero- y =peak catch,
mone traps by a postdoctoral scientist was corn- x I= distance to pigeonpea (m),pleted in 1985. A comprehensive report onlthis x2 = distance to sorghum (m).
study is now available on request from theLegumes Program. Among the many findings, The distance from traps to the nearest chickthe following are of particular interest: pea fields had no apparent influence on the size

Nocturnal observations of the traps, using of the peak catch.night-vision goggles, revealed that many moths Topography was found to have a significantapproached to within 30 cm of the trap where effect on trap catches, traps on higher groundthey hovered, but then flew over or around the having greater catches, particllarly in the posttrap and evaded capture. Less than 20% of the rainy season. This effect may have been causedmoths that approached the standard traps were by greater wind speeds at the higher locations,caught. The incorporation of a slotted baffle for wind speeds during the postrainy season werearound the septum led to a marked change in generally suboptimal for maximuml trap catches.behavior, for the moths hovered at the rim of this The variances of trap catches were very large,trap. The difference in behavior may be caused indicating that considerable replication of trapsby the greaterdiffusion ofthe pheromone plume would hc required to give acceptable levels ofcaused by the baffle, and could explain the errors for most purposes. It was therefore congreater catches in the baffle-modified traps. cluded that such traps are of little use in quantita-Such traps have not yet been used in the network tively monitoring populations and so are unlikelyfor it is considered that the advantages of retain- to be of use in indicating economic thresholds
ing the standard trap design outweigh the benefit 
 for pesticide use in crops.of increased catches. The data from the internatiopal pheromone-The most obvious environmental factor affect- trap network have shown that catches at locaing pheromone-trap catches was wind speed, tions in the east of the subcontinent were generwith higher catches occurring when wind speeds ally lower than those in the west. Such differencesranged from 1.6 to 3.0 m s-1. In contrast, the may be associated with cropping patterns,greatest catches in light traps occurred when 
for 

the eastern locations generally have a dearth ofthere was little or no wind. Lower wind speeds H.armigera-preferred hosts. The greatest catchesled to reduced pheromone-trap catches, proba- in each year have been at Hisar, where cotton,bly because of limited formation and spread of pigeonpea, chickpea, and several other H. armithe pheromone plume. Wind speeds in excess of gera host crops are extensively grown. 
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An interesting fact emerging from the data is 
that trap catches across India generally show 
similar trends across years. For example, catches 
in 1981 / 82 were much greater than those in sub-
sequent years at most locations. This is surpris-
ing, since H. armigerapopulations vary greatly 
across areas and we did not expect to find 
nationwide trends from year to year. However, 
this finding is supported by the strong correla-
tion(r=0.84) found between data of percentages 
of bored pods recorded in our surveys offarmers' 
pigeonpea across India, and in trials of medium-
duration pigeonpea at ICRISAT Center in each 
year, from 1975 to 1981. We now have to deter-
mine the factors that are responsible for these 
widespread changes in populations. 

Ilost-plant resistance. In 1985, we gave prior-
ity to the large-scale screening and testing of 

Table 5. Pod damage (1/) caused by insect pests, and 
grain yields (kg ha1) from shori-duralion pigeonpea 
genotypes in a pesticide-free trial. Ilisar, rainy season 
1984. 

Pod damage Yield 
;enotypc (11) (kg ha-1 ) 

i.ll 1 23.6 2570 
('1l. 288 28.0 2630 

l1"ll1. 2 29.0 2603 
82 1109-12 30.2 2340 
lI. 187-1 35.9 2260 

2060IUll 269 36.1 
83 11P614 36.5 2570 
83 1116-16 36.5 1831 
ICPI. 6 36.6 1890 
IAT 10 37.2 1880 

lIl 314 37.3 2410 

I'USA 35 37.,A 2151 

1177-216 44.1 1800 

PU11SA 33 44.3 2350 


Control 

Pant Al 46.7 1610 

UIPAS 120 49.1 1961 


CV (%) 26 17 

genotypes developed by our breeders from crosses 
incorporating previously identified H. armigera
and disease-resistant parents. Such work con
sumed mo- of our time. Coisequently, we post
poned the screening of new germplasm accessions 
and long-duration selections. 

In earlier reports we referred to the moderate 
levels of resistance and tolerance to H. armigera 
that we discovered among medium-duration 
genotypes. We are also anxious to develop 
resistance in short-duration genotypes, for al
though these have the greatest potential for 
expanded use as monocrops, the commonly 
available cultivars are very susceptible to dam
age by H. armigera.For example, in a trial of 18 
short-duration genotypes on the pesticide-free 
Vertisol at ICRISAT Center in 1984/85 more 

than 70115 of the pods were damaged by pod 
borers and the average yields were only 270 kg 
ha-I (range 100 to 650 ± 95). We appear to be 
having some success in selecting for resistance in 
these genotypes, as shown in the data from a trial 
of our selections at Hisar (Table 5). In this trial, 
which included 14 genotypes that had previously 
been selected for apparent reduced susceptibil
ity, all the selections had less pod damage than 

botlt controls, which are conimonly used ku l;
vars, and 10 gave greater yields. 

Mechanisms of resistance. Studies on the mech
anisms of resistance may lead to improved 
methods of screening, particularly of single
plant selections from segregating progenies. 

In a series of trials over the last 3 years, we 

removed all eggs and larvae from single rows in 

replicated plots of resistant and susceptible geno
types at wcekly intervals. The numbers of eggs 
and larvae were counted,just before each remov

al exercise, on these rows and on adjacent rows 

where the eggs and larvae were left undisturbed. 
Surnmarized data froin two resistant and two 

susceptible genotypes are shown in Table 6. 

There wcre no detectable differences between the 

number of larvae on rowsfound undisturbed 
and on those from which eggs and larvae had 
been removed a week carlicr. This clearly indi
cated substantial dispersal of larvae between the 

rows.'I his finding identifies a problem in single

http:tion(r=0.84


Pigeonpea 193
 

Table 6. Counts of Heliothisarmigeralarvae on res- flowers and pods by individuals and groups of 
istant and susceptible pigeonpea genotypes, I week H. armigera larvae in both laboratory and field 
after all eggs and larvae had been removed, and on trials. Such data will be used in the determina
plants in adjacent rows on which the eggs and larvae tion of economic thresholds. 
were not disturbed, ICRISAT Center, 1982-84. In insecticide trials at ICRISAT Center and at 

Populations' of larvae Hisar, we compared applications of up to five 
on five plants sprays of monocrotophos (Nuvacron®) on deter

minate and indeterminate s'ort-duration geno-On undis- On rows where eggs types. Summarized data from these trials are'
turbcd and larvae were 

Genotype rows obtainedremoved weekly shown in Table 7. In both trials, we 
PPE 45-2 (Resistant) 2.68 2.54 substantial yield increases when three or more 
ICP 7203 (Susceptible) 3.41 3.38 sprays were applied. At ICRISAT Center, even 
ICP 1903 (Resistant) 2.17 2.11 five sprays did not reduce pod damage by insects 
ICP 1691 (Susceptible) 3.31 3.22 to an acceptable level, and therefore the yields 
SE -±0.215 0.203 were only moderate. At both locations, determinate genotypes gave greater yields than the inde

1.Populations are the].x-'8 ti~inslormed values where x terminate genotypes, but only when two or more
number of larvae counted on samples each of five plants; sprays were applied. In general, the determinate
there wer 55 such counts fr each genotype treatment, genotypes are more prone to H.armigera-caused 

losses than the indeterminate types and conse
quently give poor yields unless adequately pro

plant selection for resistance from segregating tected. 
progenies. The beneficial effects of oviposition
nonpreference will be negated in aresistant plant Virus use. Previously, we tested the nuclear 
where larvae can disperse from a neighboring polyhedrosis virus (NPV) of H. armigera on 
susceptible plant. Also, the continuing invasion chickpea and obtained encouraging results in
of larvae from susceptible neighbors will tend to controlling the larvae. This year we tested NPV
 
diminish the efficiency of screening, particularly on pigeonpea genotype ICP 1-6. The virus was
 
where dense populations of the pest are present. multiplied on H. armigcra larvae at ICRISAT


In collaboration with ICRISAT, work 
con- Center from aculture originally obtained from 
tinued on the identification of the chemical basis Tamil Nadu Agricultural University (TNAU),
of resistance at the Max Planck Institute for Coimbatore. Five sprays were applied at weekly
Biochemistry, Munich, Federal Republic of Ger- intervals,just before dusk so that inactivation by
many. Increasing emphasis has been given to the ultraviolet light was minimized for the first few
study of volatile chemicals in the resistant and hours after application. A treatment in which the
susceptible genotypes and "aromagran's" are virus was combined with ahalf dosage of endo
being prepared with the aid of gas chromato- sulfan gave at least as good control as the full 
graphs. 
 insecticide treatment. 

Insecticide use. Short-duration genotypes can
 
produce very high yields when sown in dense Podfly (Melanagromyza obtusa)
 
monocrops, but only if well protected from pest

attacks by insecticides. There isan obvious need Distribution and importance. 
 The pigeonpea
to use insecticides as economically as possible, podfly is thought to be restricted to the Indian
and intensive research on the development of subcontinent, Southeast Asia, and Australasia. 
economic thresholds 'or insecticide use on such In Africa, a different species, Melanagromyza
crops is in progress at ICRISAT Center. This chalcosoma, is commonly found in pigeonpea 
year we studied the consumption of pigeonpea pods. Work at ICRISAT Center has established 
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Table 7. Insect-caused pod damage (%)and yields (kg ha-') in trials comparing the effects of differing numbers of 
insecticide applications on indeterminate and determinate short-duration pigeonpcas, ICRISAT Center and 
Hisar, 1984/85. 

ICRISAT Center Hisar 
Spray Pod PodYield Yield
 

Plant type applications' damage2 (%) (kg ha-') damage (%) (kg ha-')
 
Indeterminate' 5 34 1570 7 3080 

4 37 1520 9 2680 
3 44 1310 13 2160 
2 87 840 17 2090 
1 82 780 22 2010 
0 87 870 27 1860 

Determinate 4 	 5 56 1750 6 3610
 
4 64 1770 8 2890
 
3 77 1400 10 2580
 
2 99 330 12 2330
 
1 100 50. 15 1900
 
0 98 210 23 1900
 

SE 16 ±88 ±245 
SE 2 ±89 	 ±157 
CV(%) 	 17 


1. Sprays of monocrotophos at 0.6 kg ai ha-I started at flowering then at 10-day intervals. 
2. 	 lPod-da iage data ainalyled wit iarc sine t insforinat ion showed trcat ienttiidfercnices to be sign ifla it; neans ret ra nsforned. 
3. 	 The genotype at ICRISAT ('enter was ITPI. 81 and at Hisar,. lC'. I. 
4. 	 The genotype at ICRISAI Center wa, (i'll. 87 and at Ilisar. IClI. 151. 
5. 	 Ontitted front SELcolnputalion. 
6. 	 SI I for comparing plant types at samie or different lse~ls of spray applications. 

SE 2 for comparing different levels of spray application wittin sanme plant types. 

that M. obtusa has a restricted host range, hav-
ing been found only in pods of pigeonpea and 
related wild legumes (Atylosia spp, Rhynchosia 
spp, Fleniingiaspp,and Dunbariaspp).It prob
ably survives the lengthy periods when no pigeon-
pea pods are available by feeding on weed hosts, 
for no resting or diapause stages have been 
found. 

Earlier ICRISAT surveys indicated that the 
podfly is particularly damaging in central and 
northern India where 21% of the pods sampled 
from farmers' fields were found to be damaged 
by the larvae of this insect. Podfly damage 
throughout India may iesult in the loss of 
250000 tonnes of pigeonpea grain worth more 

than US $60 million per year. In 1985,44%ofthe 
pods sampled from farmers' fields near Gwalior 
in central India were damaged by this pest. 

Host-plant resistance. We have selected geno
types that show considerable differences in sus
ceptibility to pod.fv. However, we do not yet 
have genotypes with sufficient resistance, com
bined with other desirable traits, that would 
merit release to farmer. Unfortunately most of 
our podfly-resistant sclections have relatively 
small seeds. Most farme:'s and consumers demand 
large seeds, so we need to combine this charac
teristic with resistance 'opodfly. 

In 	1985, we attempted to determine the mech

13 
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anisms of resistance by counts of the eggs, lar- The field assessment of nodule damage byvae, and pupae in the pods of resistant and sus- R. angulata isdifficult and tedious, and we haveceptible genotypes, and by chemical and physical not been able to assess the effect of nodule dam
analyses of the pods. The resistant genotypes age on plant growth. However, in 1985 we found
had much less oviposition than the susceptible that differing levels of nodule damage could be
genotypes, but there was no obvious antibiosis in induced in plants growing in pots, by caging
the larval or pupal stages. differing numbers of flies on the pots for the 

short oviposition period. This technique may be 
useful in determining the economic loss, if any,

Nodule-damaging Fly (Rivellia angulata) caused 	by such damage. 

The nodule-damaging fly causes substantial dam
age to pigeonpea root nodules parti':ularly in Breeding for Insect Resistitce
 
Vertisols where 
more than 90% of the nodules
 
may be destroyed. We are studying this insect in 
 We continued to emphasize stabilizing resiscollaboration with our microbiologists. The dis- tance to Heliothis and podfly in medium- and 
covery that moistened, fermenting fish meal is long-duration pigeonpea but increased our emvery attractive to this insect has allowed us to phasis on short-duration lines. The pattern of
monitor adult populations, using fish meal-baited, Heliothisincidence in 1984 generally allowed ussticky traps. Figure 10 shows the numbers of flies to identify, with some confidence, lines with
caught in traps from July to October 1984. resistance. However, high wilt incidence in fields 

used for the yield tests interfered with our 
attempts to measure the yield potential of the 
insect-resistant lines as7 ----.- Trap + fIshmQa) 	 most of these lines appeared to have little or no resistance to wilt.1_ ____ -,TrapfJshm,,l From 1334 progeny rows and bulks we selected-

Q6.-	 more than 600 single plants or rows with low"," insect damage for further testing. Of these, 34S .. 	 were for testing in replicated yield trials in 1985 
and over 70 were short-duration plants. TheL ,remainder were medium-duration plants that 

LW 
CL 

4- are being grown as single-plant progeny rows for
,further selection. Of the 24 crosses made for 

insect resistance, 17 involved short-durationx parents. 
Several trials in 1985 indicated that, under 

0-2. 1certain conditions, our insect-resistant lines have 
, a distinct yield advantage. The Medium-duration 

Pigeonpea Adaptation Yield Trial (MPAY) at 
SE_ ICR ISAT Center contained 20 entries. Although

yields in this trial averaged only 145 kg ha-' and 
0 n the coefficient of variation was very nigh, the sixJ.1 	 Aug Sp Oct insect-resistant lines occupied all but one of theDates of catches top seven yield positions under nonsprayed con-

Figure 10. Mean catches of the i)igeonpea nodule- ditions, even though some of them had over 20%
damaging fly (Rivellia angulufa) in sticky traps with wilt incidence. In the sprayed field, these linesand without fishmeal, ICRISAT Center, July- gave disappointing yields because they all hadOctober 1985. over 75% wilt incidence. In another yield trial at 
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Table 8. Performance of six insect-resistan pigeonpea lines sown after wetland rice under zero-tillage conditions, 
IRRI, Los Ban5s, Philippines, 1984/85. 

Yield 
Time to 50% Plant 100-seed Grain Fodder TDM2 

Genotype flowering (d) height (cm) mass (g) (kg ha- ) (t ha-i) (kg ha -') 
ICPL 84060 
ICP 909-E3-5EB 
ICP 3009-E3-5E13 
ICP 2223-I-E8-6EB 
PPE 45-2-6B 
ICPL I-3EB 

70 
71 
70 
74 
78 
73 

130 
132 
145 
132 
141 
87 

9.4 
10.0 
8.6 
7.2 

10.0 
9.5 

3250 (I)' 
2770 (2) 
2690 (3) 
2540 (5) 
1880 (16) 
1140 (23) 

18.1 (4) 
16.6 (5) 
23.8 (I) 
21.3 (2) 
13.7 (7) 
6.5 (16) 

7270 
5940 
9350 
8010 
3840 
4150 

(4) 
(5) 
(I) 
(2) 
(9) 
(7) 

Control 
ICPL 295 (C II line) 75 129 10.1 2520 (6) 16.3 (6) 5930 (6) 
SE ±7.9 ±8.4 ±0.78 ±520 ±1.64 ±950 
Trial mean (24 entries) 69 93 10.3 2040 10.4 3770 
CV(%) 16 13 10 36 22 35 

I. Figures in parentheses represent overall rank trial. 2. TI)M = Total dry matter. 

the International Rice Research institute(IRRI) ICPL 332 is the first insect-resistant line to be 
in the Philippines, where the mean yield was over entered into the AICPI P, multilocational-yield 
2000 kg ha-1, out of 24 entries there wcre 6 insect- trial for nedium-duration lines (ACT 2). Over 
resistant, medium-duration pigeonpea lines from the 18 locations where the coeffiient of varia-
ICRISAT (Table 8). Of these, four were among tion was less than 30%, ICPIL 332 was above the 
the five top-yielding lines with one line, ICP L trial mean and gave a yield similar to that of the 
84060, yielding 3250 kg ha - . two national control cultivars (Table 9). In 17 

Table 9. Summary of the performance of the insect-resistant pigeonpea line ICPi. 332 inAICPIP ACT2 trials, 
rainy season 1984. 

Grain yield (kg ha-1 ) 

Eastern 'c ntn l Southern Mean all Time to maturity, 
Zone Zone Zone locations mean 17 locations 

Line (I), (8) (9) (18) (d) 

ICPL 332 870 11701370 1240 

Controls 
C I1 290 1360 1200 1275 171 
BDN 1 430 1390 1200 1245 160 

Trial means 1070 1390 1010 1180 

I. Figures in parentheses denote nurnber of locations with CVs ..-30% for yield. 

171 
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trials, ICPL 332 matured in the same number of Table 10. Effect of sulfur and phosphorus fertilizer 
days as C 1I.The ptrormance of tiis line might application on seed yield (g plant -') of pigeonpea
have been better than the controls if these trials ICPL 6, in Alfisol Vertisoland pot experiments,
had not been sprayed with insecticides. ICRISAT Center, 1984/85. 

A selection from the cross ICPX 77303 (Prab- Element level 
hat x ICP 3193-12), a cross that has produced Eent level 
many lines showing resistance, had very low pest (na kg-') Alfisol Vertisol Mean 
damage in a replicated trial in 1Q84. Under non- Su!fur 
sprayed conditions it showed 9% pod-borer 0 3.32 3.26 3.29 
damage, 10% podfly damage, and 31% total 65 2.67 3.01 2.84 
insect damage. The mean pod-borer damage in 130 2.61 3.16 2.88 
the trial was 57%, with the next-best line to Phosphorus
ICPX 77303 having 32%. The mean total insect 0 0.37 0.83 0.60 
damage to pods was 73%, with the next-best line 40 2.93 3.84 3.38 
having 64% damage. This line has small seed 80 5.30 4.77 5.03 
(100-seed mass 5.6 g) and a rather low yield SE t.0.281 -±0.164 
potential, although its yield was fourth greatest 2.87Mean 3.14 
of the 25 under nonsprayed conditions. It is 
being extensively used as a parent in our breed- SE ±0.208 
ing program. Other lines from this same cross SE forcomparing both SandP levels within a soil is ±0.232. 
with larger seed (100-seed mass 8 g) have been 
selected. These are being yield tested in 1985/ 86. 

soil type and P treatment were not significantPlant Nutrition (Table 10). There was alarge response to P on 
both soils and the magnitude of response was

Relative Response to Phosphorus and greater on the Alfisol. It was also noted that 
Sulfur flowering was delayed by P deficiency. 

We used a pot experiment to determine the rela
tive extent to which phosphoruIs (P) and sulfur Response to Mycorrhizal Inoculation 
(S)limit growth of a short-duration pigeonpe, 
(ICPLI 6), on Alfisols and Vertisols at ICRISAT Vesicular arbuscular mycorrhizae (VAM) are 
Center. Previously, responses of pigeonpea to zygomycetous fungi that form symbiotic associa
superphosphate had been obtained in pot exper- tions with plant roots and help improve plant
inients, but the proportionate responses to P and growth, mainly by increasing uptake of rela-
S were not identified. This information is neces- tively immobile soil nutrients such as P. In an 
sary to determine the appropriate fertilizer type ittempt to study the potential for improving
for pigeonpea on ICRISAT soils. pigeonpea nodulation and growth by VAM 

1 hrec levels ofstlfur, 0,65, and 130 tng S kg-1, inoculation, we evaluated 15 VAM liungi in pots 
as CaSO.211,O, and three of phosphorus, 0,40, containing a sterilized AlIfisol that was low in 
and 80 rug P kg-1, as Ca1(1O4) , were applied in available P (Olsen available 1) .1 ng kg-') but 
factorial combinations. These salts were mixed amended vith single superphosphate to provide
through the soil. A Vertisol and an Alfisol were 0 and 17 kg P ha - . Mycorrhizal inoculation and 
studied and both had an initial level of about 1.0 P fertilizer significf'ntly increased the nodule 
mg available P kg-I.The main effect of S on number and mass, acetylene-reduction activity
pigeonpea seed yield and its interactions with (ARA), shoot, root, and total dry matter (Fig. 
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Figure I1. Response of shoots (below) and roots (left) of pigeonpea 
, genotype ICPl, 87 grown insterilized Alfisol to mycorrhizal inocula

-1 .' tion with and without 17kg Pha ' at 72 DAS, ICRISAT Center, 1984. 

+/ , 

~~ -4 

-yAM A 
S-VAM A 

IIf), auttI total N and 11uptake of ptgcottpea inicludingi four effective isolates collected from 
culti~ar ICP. 87. [here "~em silicaint differ- Maltaiasitra and (jujarat (,see l(RISAI Annual 
enices amlotte lotvorrlii/il lunei in) thenr bend li- Repott084. P.182). were used. Ihe native 
Aul effcts on pweonpca noduilat in and plant Rhio/,mpopnlations were t) pergram old r 
groxstl. Me interaction hct'ecin luingi and P) soil onl \rltisolsand 10)'on Alfisols. None ol'the 
fertili/cer \\ as significant mid~ tvo0 fii (;owii." hibunntrsinfenl nrae either 
IdiSCiCuLvtiii (1l:3 tvpce and 6,. n~imo.spora. ap- seed or dry mlafteryields, oflligeonpeaC~ g1rown ott 
peared mlost promising'. Furthter stutdies onl thle eihecr soil ty pe. HIowever. ferti li/er N signifi
purforn11 ice ol selected hligi w\ith pigeonipei ca'ttly increaised thle total dry matter of genlo
g~row~n in tinterilied soil arc in progres. type: l('lI 87 and lIPI. 304 only, onl the Ver

tisol (Table I . Ik suecsts that N iation by 
Resp~onse to Iihilohimni Inolatonh and IOd ileCs was no1 tsnfiCien t to mneet the N req Ilire-
Fertjlizr Nitron ments of these genotypesott thle Vertisol. Futrt her. 

It was obserx e~dthat nodule damnage 1w, insects 
Trhe responses to- three promisitng pigeonpca wafs untusnally high in the Vertiso field (damage
genotypes, l(Tl~ 875(hort-dutratiot ICPL 270. range 12-101) : mecan 86('j) comipated to the 
and IN.I~3114 (both med nmIII-duration), to IRhi- Alfisol field (range 0-9417 mean 20l7i). Exe--Xcli
 
0/iim inocutlation and [ort ili/er N. applied at 
 nients iire now in pnrogrss to estimate the magni

200 kg N4ha " at sossin&. \were studied inVertiol tude of loss in N fixation of pigeonpeca grown in 
and AIf sol lielIds. IwleIRhilohiumn cult ures, Vert isols duci to thle insects that feed onl nodutles. 
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Table 11. Effect of Rhizobium inoculation and N
 
fertilizer application (200 kg N ha-') on total dry
 
matter (kg ha-') at maturity of three pigeonpea geno
types grown on a Vertisol during 1984/85.
 

Rhizobiuin Pigeonpea genotypes
 

strain ICPI. 304 ICPI. 87 CI. 270 Mean
 
BDN A2 7000 5430 7811 6750 --, 
IHP 195 7490 4370 7070 6310 , 1, 

-


IHP 69 8670 4010 7260 6650 Of
 
F 4 8280 4600 7650 6840
 
IHP 100 7720 3190 7990 6300
 

III1 503 8320 3940 8000 6750 -

CC I 7620 4520 7370 6500
 
KA I 8000 5050 8090 7050
 
IIIIP484 8480 4640 7450 6850
 
I!ll 497 8380 4250 7420 6680
 

Il11506 7420 4610 8020 6680
 
IlHP 35 7110 4890 8560 6860
 
N fertilizer 10070 7050 7701 8270
 
Noninoculated 7870 4560 8080 6840
 

SE 	 ±819' ±405
 
±6982
 

Mean 8030 	 4650 7750 

SE ±462
 

S.!(or Cmparing ciltivars at a given level of Rhi.'o!iw,and N ii,Ar. it profs.;, podding pigeonpea wili several desiraole 
2. SI 'lor compaiing RIhi:o!,ittn 	 genetic traits, lhrough natural selection,strains amd N fertilier evolved 

within acultivar, growing in a farmer's field in a hilly tract in Malawi, 
1985.
 

Pigeonpea Nodulation Survey in Malawi We completed isolation and authentication of 
isolates from these nodules and are evaluating

We surveyed the major pigeonpea-growing areas the iso!ates for nitrogen-fixing ability. 
of Malawi frotn 27 Deccmber 1984 to 8 January 
1985, in collaboration with the Ministry of Agri
culture and Natural Resources of the Govern
ment of Malawi, and collected nodule samples Rhizobihtn Culture Collection 
from various soil types on which the crop is 
grown. The p11 of the soils ranged from slightly We freeze-dried about 150 Rhizobin cultures 
less than 4 to slightly more than 7. Pigeonrea during the year. We supplied peat inoculants and 

Idulation ranged from poor to good. We pure cultures of pigeonpea rhizobia on request 
userved nodule damage by insects in some of to AICPIP and other scientists in India and 

the surveyed fields, other countries. 
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Grain and Food Quality 
Protein Quality 

We continued to monitor the protein content of 
breeding material and during 1985 we analyzed 
2948 dhal samples and 396 whole-seed samples. 
The protein content in dhal samples ranged from 
16.2 to 35.5%, and in whole-seed samples from 
15.5 to 22.5%. Whole-seed samples of 783 germ-
plasm accessions were also analyzed for protein 
content, which ranged between 14.7%: and 23.7('. 

An experiment was conducted to study the 
protein accumulation in a high-protein line 
(H PL 26) in comparison with a control cultivar 
( BDN 1). We analyzed samples collected at dil~-
ferent stages of seed development (Table 12). 
There was little difference between the percen
tage of protein (N x6.25) in the developing seeds 
of the two genotypes up to 30 days after flower-
ing, but from then until seed maturity the per-
(enrage of protein in B)N I seeds declined. The 
grain mass of the high-protein line was lower 
than that of' BDN I during the ;ater stages of 
maturation. We analyzed the nitrogen content of' 
leaf samples collected 45, 70, and 105 DAS. The 

nitog on Hil-26lea'snilesvrcontnttitrogen contetnts of HP1. 26 leaf samples were 

lower than those in BI)N I at 45 and 70 DAS. 

Cooking Quality 

We determined the cooking quality of 78 ad
vanced-breeding lines. Seed samples were soaked 
for 8 hours, dried at 55'C overnight, and then 
dehulled using a barley pearler. We then deter
mined cooking time, water absorption, solids 
dispersed into the cooking water, and texture in 
the dhal samples. Cooking time ranged between 
20 and 40 min, with a mean of 29 ain, and water 
absorption ranged between 1.5 and 2.5 g per 
gram of dhal material (Table 13). 

tFble 13. Seed nss, rotein cotent, and cooking 
quality evaluation of78 pigeonpea advanced breeding 
lines, IC RISAT ('enter, 1985. 

(onstitucnt Range Mean S -± 
100-sced mass (g) 6.6-12.7 9.2 1.37 
Protein content (() 
Whole sect! 15.2-20.1 18.1 1.06 

1)hal 18.6-23.2 21.4 I.0)2 
Conking time (min)Water absorption Ig g-)
Water absption (g g 

20.0-40.01.5-2.5
1.5-.5 

29.01.9
2. 

4.450.21
0.25 

Sol (force kg)
Textuire (force, kg) 

20.5-24.3
60.0-243.0I 

2.1 45
123.8 45.40 

I. rt ein =(N 0,.25) 

Table 12. Protein content and 100-seed mass at difh rent stages of grain development ofa high-protein pigeonpea 
line 1111, 26 and control, ICRISAT Centr, rainy season 1984/85. 

)ays after flowering 
Genotype Constituent, 10 20 30 40 5(0 
HPL 26 Protein (,i) 33.6 27.1 23.6 23.5 25.4 

±0.31 ±1.89 ±0.82 ±0.91 ±0.36 
100-seed mass (g) 0.3 1,7 6.4 6.5 7.6 

±0.04 ±0.67 ±0.06 ±0.21 ±0.23 

Control 
BDN I Protein (%) 36.3 25.5 22.7 19.0 17.5 

±0.80 ±0.35 ±0.73 ±0.42 ±0.35 
100-seed mass (g) 0.2 2.2 6.0 8.9 9.5 

±0.06 ±0.33 ±0.47 ±0.66 ±0.57 

1. Values are averages of three determinations. 
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Milling Quality crop in areas where pigeonpea is not tradition
ally grown. The crop's ability to produce more 

We tried to compare the milling quality of ICP than one harvest from a single sowing continues 
7041 and ICPL 276 with control C II using a to generate interest and it is starting to replace
commercial dhal mill in Hyderabad. Since a the traditional medium- and long-duration types
commercial mill can only deal with relatively in some areas. For these reasons, we continued 
large samples our breeding program provided to emphasize breeding short-duration genotypes.
about 100 kg of each of the three genotypes. We have been identifying high-performance
These were processed according to the standard lines for northwestern India that can be sown 
procedure in the mill. The dhal yield was 79.2(/j any time from March to July and still mature 
for C II, 77.9%, for ICPL 276, and 75.9%/C for ICP before mid-November, allowing wheat to be 
7041. The lower dhal yield in ICP 7041 might sown in time to give a good crop. A line that has 
have been due to its smaller seed size that consistently outperformed the control cultivars 
resulted in an increase in the powder fraction. when sown in April, June, or July is ICPL 151 
Total recovery values varied from 96.3 to 99.4,(. (Table 14). This line was identified as a candidate
 
We intend to compare these results with values for release as a cultivar for the Northwest Plain,
 
obtained from these genotypes milled in a Prairie Northwest Hill, and Central Zones of India.
 
Regional Laboratory mill, a barley pearler, and ICPL 151 is a determinate line with large, round,
 
a manually operated stone mill. cream-colored seed (100-seed mass - 10 g vs
 

100-seed mass -1 7 g for UPAS 120) in pods
 
borne in large clusters at the top of the branches.
Plant Improvement This line, selected from the cross ICP 6997 x 
Prabhat, is about 20% shorter than UPAS 120

Short-duration Pigeonpea and has field-tolerance to sterility mosaic. 
Diseases have not generally been a problem in 

There was increasing interest in short-duration the many new areas where short-duration pigeon
pigeonpea because its early maturity provides a pea is grown, but where this crop extends into 

rable 14. Comparison of grain yield (kg hia- ) of pigeonpea line ICP, 151 with controls UPAS 120 and Prabhat, 
sown in April (early), June (normal), and July (late), Ilisar, 1979-84. 

April-sown June-sown July-sown 
Line 1982 1983 1979 1980 ;981 1982 1983 1984 1982 1983 
ICPI. 151 2290 1590 2070 2660 2800 3080 2610 2920 3050 2100 

Controls 
UPAS 120 214( -1 - 2270 - 2840 - 2430 28702 -
Prabhat - 1200 . 1290 - 2(90 - 1460 - 20603 1620 3 

SE ±91 ±237 ±164 ±:54 ±154 ±52 ±200 ±247 ±92 ±115 
Trial mean 2290 1970 1610 2320 2700 2920 1720 2450 2570 1440 
No.of entries 15 14 31 30 18 12 14 14 12 13 

CV(%) 9 17 20 13 II 4 23 14 6 14 

.- Not tested. 
2. ICPL I, a line derived front UPAS 120. 
3. ICPL 4, a line derived from Prabhat. 
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the more traditional pigeonpea-growing areas it
VI ..." ions wih reit i ,t rlt o ac
 -Y' ' is affected bv some diseases.n e1 We are therefore 

trying to identiify high performance, short-dura
tli linies with resistance to wilt, ste ri litNv mosaic, 
and phytophlthora blight. Some lies, e.g., ICPL 
288, 8324, and 8377 have been identified with 
coli ined resistance to two diseases at ICR1

,.
,. '. " .- S AVI(.'eter.
 

have 
' slort-dnratitn htnc, with sollc resistance to 

.W \",,Vc intensified or11 efforts to identik' 

attack by insects such as II. arnii'Ia. A. t's'lu/a
h'., i. and at ilisai havc sclected pla;rtsand podi\ 
with the least insect dimage from breeding liles. 

- Five shorl-duraton liles were entered into 
, , oordinated NI ultilocational Trithree Al(C'l 
als. [XACF,[ACT. and AC I 1

iCR IS ,AI l50 supplied tuluftilocatioial yid 

trials coltaining ad'anced-breeding lines to 
scicnlists in natioal pIrogralns. Results from 
tine locations ( Iable 15) indicated that the 
short-duratioi lineI'lCf 8306 outviclded the 
coiit rol II P I .4 (a Pra)hat line) as itdid atI I isar 
in 1983 (ICR ISA, *Annua Report 1984, p.186
7). In a500 m plot it a Iarmer's field. I(.'I. 8306 

S had yielded abont 3200 kg ha I by the end of 
October 1985.An 1('PI. 151 plant shosving ylical pod devehlopent, \Ve identified several tiew%ilies that yielded

Ilisar, 1985. over 3000 kg ha I bcfore mid-Nt\cmcr atI-iHisar 

Table 15. Performance of IJ('PI, 83116. a promising short-duration pigeonpea line at Ilisar, and its yield, at nine 
Indian locations, rainy season, 1984. 

(;raii yield (kg ha ) 

time to Plant I00-sced Mean Range 
maturitv (0) height (emei mass (g) Ilisar (nine locations) 

ICPI. 8306 137 153 7.3 2830 2420 820-3440 

Control 
ICPI. 4' 135 167 5.6 2480 1880 690-2810 
SE -2.4 ±3.8 ±0.2 ±141
 
Trial mean (14 entries) 142 139 
 7.5 2010 
CV(%) 3 5 4 12 

I. ICPI. 4 isa line derived from f'rahhai. 
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(Table 16). Harvesting in early November would Medium-duration Pigeonpea 
allow ample time to remove the crop and prepare 
the land for wheat. Most of these hiles are short The major objective of our medium-duration 
statured and have a 100-seed mass exceeding 9 g. pigeonpea breeding program is to stabilize yield 
These lines are all in multilocational yield trials by breeding lines with resistance to diseases and 
and are also being monitored in disease nurseries, insect pests. Details of this work are reported in 

Table 16. Performance of some promising short-duration pigeonpea lines at Hisar (20 entries in each trial), June, 
1984. 

Time to Plant 100-seed Grain Time to Plant 100-seed Grain 
maturity height mass yield maturity height mass yield 

Line (d) (cm) (g) (kg ha  1) Line (d) (cm) (g) (kg ha  ) 

Determinate Indeterminate 
Trial 1 Trial I 
ICPL 85005 145 153 9.1 3750 ICPIL 85035 127 202 9.1 3270 

ICPL 85040 136 210 9.4 3050 
Controls Control 
ICPL 4 127 170 6.3 2270 H 77-216 136 205 7.2 2780 
ICPL 87 155 155 10.7 2920 

SE ±0.8 ±6.9 ±0.36 ±364 SE ±1.8 ±5.0 ±0.2 ±175 

Trial mean 151 178 10.1 2391 Trial mean 131 203 8.2 2715 

CV(%) 0.7 5 5 21 CV(%) 2 4 5 II 

Trial 2 Trial 2 
ICPL 85012 136 157 10.8 3320 ICPL 85045 141 207 9.1 3150 
ICPL 85015 124 161 9.6 3170 

Control Control 
ICPL 4 122 173 6.0 2520 H 77-216 135 217 7.1 2500 

SE ±2.9 ±5.1 ±0.2 ±145 SE ±2.3 ±5.9 ±0.2 ±180 

Trial mean 127 152 9.1 2517 Trial mean 139 208 8.1 2421 

CV(%) 4 6 4 10 CV(%) 3 5 5 13 

'1rial 3 Trial 3 
ICPL 85016 130 183 8.2 3540 ICPL 85050 139 155 11.5 3160 
ICPL 85017 134 148 10.1 3250 ICPL 85051 143 175 10.6 310 
ICPL 85018 129 183 9.8 3220 

Control Control 
ICPL 4 119 168 5.8 2830 H 77-216 139 180 7.3 2920 

SE ±2.2 ±4.6 ±0.3 ±221 SE ±3.0 ±11.9 ±0.3 ±295 

Trial mean 130 165 9.8 3025 Trial mean 141 166 9.0 2804 

CV(%) 3 5 5 13 CV(%) 3 10 4 15 
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!he diseases and insect pests sections of this 
report. However, in 1985 we also continued to
breed for yield ia medium-duration pigeonpea.
We made 72 crosses and grew out 6 Fls, about 
490 single-plant progenies, and 33 bulk popula-
tions, and yield-tested almost 500 advanced lines, 

Long-duration Pigeonpea 

As for medium-duration pigeonpea, our main 
objective is to stabilize yield in long-duration 
pigeonpea by breeding for disease and insect 
resistance. This work is reported in the diseases 
and insect pest sections of this report. 

Vegetable-type Pigeonpea 

In many areas, such as East Africa, the Carib
bean region, and Gujarat State in India, green
pigeonpea seed iscommonly used as avegetable
in the same way that green peas (Pisun sativum) 
are used. For this purpose, pigeonpea varieties 
with large pods and large, sweet seeds are pre
ferred. In our breeding program tc developvegetable-type varieties, we identified some inde
terminate, large-seeded, medi um-duration lines 
that yielded well in 1984 (Table 17). Short
duration, vegetable-type lines are also being 
bred. 

During 1985, line ICIP 7035 was released in 
Fiji as a vegetable-type cultivar named Kamica 

7.Z 
1 ' 

1 

Vegetable pigeonpea on sale in Gujarat, India. 
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Table 17. Performance of promising medium-duration, indeterminate, vegetable-type pigeonpea line!:, ICRISAT 
Center, rainy season 1984. 

Time to 50% Time to 100-seed Grain 
flowering maturity Seeds mass yield

Entry Parentage (d) (d) pod-' (g) (kg ha-') 
5111 	 C II xJA 275 119 174 4.0 12.0 2830
 
5110 AS 71-37 x JA 275 1IF 168 4.0 2650
12.3 

5108 (ICI 8504 BIDN I) x 
C I1 117 172 4.6 12.3 2370
 
5102 ICP 7971) x ICI 8503 119 175 4.7 
 12.3 2140
 
5106 (IC13 8503 , ICP 7979) 
x C II 116 173 4.7 15.1 1870 

Controls 
CII 118 172 3.6 9.9 2530 
BDN I It0 162 3.7 10.5 1820
 
T 15-15 (Vegetable) 
 114 172 4.3 11.2 '340 
SE ±0.9 ±2.4 ±0.30 ±0.37 ±179 
Trial mean (16 entries) 115 170 4.37 11.9 2020 
CV (%) 1.3 2.4 12 5 15 

(sweet) because of its sweet seed. This cultivar is 25.6%. ICPH 8 ranked first or second out of 6 
a medium-duration, indeterminate type with entries in II of the 15 trials. If this hybrid con
large red seeds (100-seed mass 18 g). It is resis- tinues to perform well in multilocational trials in 
tant to wilt, sterility mosaic, and alternaria 1985 it will be entered in the All India Coordi
blight diseases. nated Yield Trials in 1986. 

Hybrids 

ICPH 8 

I-"-I UPRS 120 
In 1984, ICPH 8, the short-duration hybrid we 4000. I1PH8 
reported as outstanding in 1983 (ICRISAT .
 

187 	 3S00-Annual Report 1984, pp. and 189), con-	 10 
C EI -3000tinued to perform well at Hisar. Over 1981, 1983, D 

and 1984 the yield of this hybrid averaged almost 2500- ,
50% more than the control UI 3 AS 120 at Hisar -0 2000

(Fig. 12). To see how widely it isadapted, ICPH 	 a)1500
8 was grown at 22 locations throughout India 1000 
using 3 m x4 m row plots in replicated trials with C o 
five control cultivars. In the 15 trials that had a L. 
coefficient of variation (CV) less than 24%, the 	 19831981 	 1984 
yield of ICPH 8 ranged from 480 to 4310 kg ha-1 	 Year 
(Table 18). The standard heterosis of ICPH 8 Figure 12. Grain yields (kg ha-) of pigeonpea hybrid 
over the national control cultivar (UPAS 120) ICPII 8 and control cultivar UPAS 120, Hlisar, 1981, 
ranged from -5% to 124% with an average of 1983, and 1984. 
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Broadening the Genetic Base 
of Male-sterile Plants 

To stabilize the performance of hybrids across 
environments and production systems, we have 
developed male-sterile plants with high combin

,CPH 6 ing ability from diverse genetic backgrounds in 
all three major duration classes at ICRISAT 
Center (Table 19). These include lines where the 
nmalc sterility is controlled by the mis, or ins, 
gene. Resistance to the two important diseases of 
pigeonpea, wilt and sterility mosaic, behaves as 

IHigh-yielding hybrid ICP 8 growing at I'RISAT if controlled by recessive genes, so both parents 
(enter, 1985. must be resistant in order to produce resistant 

Table 18. Performance of fhe shorl-duration pigeonpea hybrid ITlii 8compared to the national control cultivar 

25.6 

UPAS 120 at 15 locations in four Zones of India, rainy season 1984. 
Yield (kg lrI ) 

Sta ndard 
IClPII 8 UPAS 120 Trial nican CV heterosis 

Zone and location Ilyhrid Control SF (6 entries) (%) (%) 

Northeast Plain 
Varanasi 2700 (2)' 2641 (3) ±216 2670 II 3 

Northwest PIlain 
llisar (ICRIISAT) 3720 (I) 3070 (4) ±190 3080 9 21 
Ilisar (IIAtl 2380 (I) 1550 (4) ±45 1880 3 53 
Kanl 1891) (I) 1670 (3) ±99 1390 10 13 
Plantnagar 2520 (6) 2670 (5) ±332 2910 16 -5 

Central 
Jalna 2110 (3) 1790 (5) ±334 2070 22 18 
SK Nagar 2880 (2) 2450 (4) ±294 2660 16 17 
Rahuri 2231) (1)2 1000 (5) ±172 1290 19 124 
13haruch 2930 (2) 2050 (4) ±360 2340 22 43 
Badnapur 
Sehere 

481) (2)2 
4310 (I)2 

340 (6) 
2951) (4) 

±19 
±88 

440 
3510 

6 
4 

42 
46 

Junagadh 
P ha lta n 

2110(1) 
1480 (3) 

1860 (3) 
1400(14) 

±212 
±47 

181) 
1390 

17 
5 

13 
6 

Southern 
Secunderabad 1530 (1)2 980 (5) ±97 1080 13 57 
ICRISAT Center 1810 (2) 1520 (3) ±241 1400 24 19 

Mean 2340 1860 

1.Figures in parentheses represent rank in trial. 
2. Significantly superior to (he control alI' 0.15. 
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Table 19. Characteristics of male-sterile pigeonpea lines maintained at ICRISAT Center, backcrossed at least five 
times to the recurring parent. 

rime to 50% Plant Plant Seeds 100-seed Seed 
Line name flowering (d) height (cm) spread pod-' mass (g) color2 Remarks 

Determinate growth habit 
QMS 9.3 52 90 C 4.0 10.0 W 
QMS 7 -' 56 125 C 6.0 11.0 W 
IMS I 60 85 C 3.5 7.0 B Photo insensitive 
MS-Prabhat (DT) 69 87 C 3.6 6.6 13 Good combiner 
QMS 2.' 70 150 C 5.0 1 .0 B 
QMS 1. , 80 140 C 6.0 9.1 W 
QPL 5 82 - SS 4.0 11.0 B3 

Indeterminate growth habit 
MS-Prabhat (NDT) 80 145 C 3.8 6.9 B 
MS-T 21 83 152 SS 3.9 7.5 B Good combiner 
MS-BL)N I 101 143 SS 3.5 9.0 B Wilt resistant 
MS-ICP 7120 109 128 SS 3.9 10.5 B 
MS-ICP 102 110 138 S 3.5 10.8 11 

MS 3A 110 230 SS 3.5 9.5 W 
MS 4A 110 230 SS 3.5 9.5 13 
MS-ICP 1 115 154 SS 4.0 10.4 13 
MS-C II 124 207 SS 3.6 10.0 B Wilt resistant 
MS-ICI 3783 132 235 SS 4.8 18.1 W Wilt and sterility 

mosaic resistant 
MS-ICP 7035 136 176 SS 4.8 19.1 P Wilt and sterility 

mosaic resistant 
MS-ICl 6978 136 275 SS 3.6 8.6 BI 
MS-NI(WR) 15 146 230 C 3.5 8.7 W Wilt resistant 
MS-ICP 7086 147 170 C 4.5 16.1 W 
MS-ICP 7105 158 179 SS 4.0 9.2 B 

I. Plant spread, C Compact, SS Senispreading, S Spreading. 
2. Seed color, W =White, B= Brown, P = Purple, 131Black. 
3. I hese lines have the ms,gene; the remaining lines contain the ins, gene. 

hybrids. We have therefore developed wilt and (ICRISAT Annual Report 1981, p.146). How
sterility mosaic resistant, male-sterile lines ever, several attempted crosses have not been 
through backcrosses, using resistant lines as the successful. Many of these failures may happen 
recurrent parent and screening the progenies in because in certain combinations after fertiliza
the appropriate disease nursery. We now have tion, the endosperm fails to develop. To over
male-sterile lines with good seed size that are come this failure, we attempted to standardize 
resistant to both diseases (Table 19). culture conditions for plantlet regeneration from 

immature embryos so that we could rescue 
embryos from crosses where the endosperm did 

Plant Regeneration from Immature not develop. We only used four genotypes of 
Pigeonpea Embryos Cajanus, as most crosses between Cajanusand 

Atylosia are only successful with Cajanusasthe 
We have sucessfully made intergeneric crosses female parent. We used two culture media (MS,
between Cajanuscajan and several Atylosiaspp and B5 supplemented with 2,4-D). 
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We found that embryos that were less than I I 
days old did not form plantlets, even when the 
medium was supplemented with several hor-
mone combinations. Eleven- to 14-day-old em-
bryos developed callus, with about 12% forming 
plantlets. About 80% of 15- to 19-day-old embryos 
produced plantlets, accompanied by small 
amounts ofcallus at their bases. The gcrmplasm 
line ICI) 7035. which had the largest seeds, gave 
the most plantlets, and tie 135 culturc nedium 
was consistently better than the MS. 

Earlier work at ICR ISAT Center has shown 
that post pollination hormone treatments in inter-
generic crosses involving pigeonpea can allow 
the pods to develop for 8 days compared to 3 
days for nontreated crosses. Hence, we still need 
to close the 3-day gap through better postpo!6-
nation hormone treatment, or ;abutter embrvo-
culture technique that will allow tile rescue of 
embryos before they are II d'vs old. 

Cooperative Activities 

International Trials 

Pigeonpea Observation Nursery. For several 
years we have offered the IPigeonpea Observa-
tion Nursery ([PON) for scientists who ar-, unfa-
miliar with the range of pigeonpea material 
available. This nursery contains about 24 lines 
from the shortest to longest durations, with a 
range of plant types, plant heights, seed types, 
and resistance to such factors as disease, insect 
pests, salinity, and flooding. Growing this nursery 
allows scientists to identify the type of material 
most suited to their conditions and requirements 
is well as any potential problems they may have 
with the crop. This also permits them to specify 
the type of tnaterial from ICWRISATtheywish to 
test in greater detail. 

This year we received results of PONs from 
several locations, some of which exhibited a high 
yield potential. The PON at the Plant Industry 

Central Experimental Farm at Manila in the 
Philippines averaged around 2000 kg ha-' with 
ICP 8863 yielding about 3500 kg ha- and two 
other medium-duration lines yielding about 3000 
kg ha-'. The results suggested that the medium
duration types were most adapted to conditions 
at that location. Another PON trial in Yavello in 
southern Ethiopia clearly showed that long
duration lines were best adapted under the con
ditions of the trial. In this trial, the 8 short
duration lines averaged grain yields of 670 kg 
ha-1, the II medium-duration entries 1280 kg 
hia- I, and the 5 long-duration lines 2630 kg ha-1. 

In contrast, out of four PONs sent to Argentina. 
two failed because the growing season was too 
short and in the other two, only the short
dtoration lines produced seed. These results were 
backed tip when the Early Maturity Pigeonpea 
International Trial (EPTII) grown at Salto I in 
Argentina averaged 3340 kg ha I with the highest 

-
yield being 4840 kg hra, while a medium
duration trial grown at the same location did not 
yield. 

International Pigeonpea Wilt Nursery (IPWN)
During 1985, 33 wilt-resistant lines and a sus
ceptible control (ICI) 2376) were tested at a loca

tion in Malawi and at ICRISAT Center. Lines 
such as IC 7855, 8863, 8864, 9134, 9174, 10958, 
10960,11297,11299, 12730, 12733, 1273', 12741,

12744, and 12748, showed less than 20% wilt
 
while the susceptible control showed more than
 
90(%i wilt at both locations.
 

All India Coordinated Trials 

Cooperation with AICPIP 

We continued to cooperate with the AICPI 1P.In 
the 1984/85 Arhar Coordinated Trials (ACT), 
ICRISAT submitted five entries to the Extra-
Extra-Early Maturing Trial (EXACT), eight to 
the Extra-Early Maturing Trial (FACT), three 
to the Early-maturing Trial (ACT I), five to the 
Medium-maturing Trial (ACT 2), and five to the 
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Late-maturing Trial (ACT 3). For the Medium- 9168. 10957, 10958, 11299, and Bori-l-sel were 
maturing Pigeonpea Sterility Mosaic Resistant found resistant in 8 or 9 out of the 12 locations 
Yield Trial (M PS RY) we contributed 12 entries, tested. ICP 8863 and 10958 were found resistant 
2 to the Late-maturing Pigeonpea Sterility Mos- for 3 consecutive years at Annigeri and ICRI
aic Resistant Yield Trial (LPSRY), and 17to the SAT Center (southern India), Badnapur and 
Medium-maturing Pigeonpea Wilt Resistant Jabalpur (central India), Delhi and Kanpur 
Yield Trial (MPWRY). (northern India), and Dholi and Berhampore 

File performance of ICPI. 332 in the ACT 2 (eastern India). ICP 8863 and ICP) 10960 were 
has alread' been reported in tile section oil found resistant for 3years at Gulbarga (southern 
breeding for :nsect resistance. The line ICPL 151 India). 
from the EACT was identified by the 1985 AIC-
PIP Kharif Pulses Workshop as promising for ICAR/ICRISAT Uniform Trial for Pigeonpea 
release. Details of this line are given in the sec- Sterility Mosaic Resistance(l1UTPSMR). Thirty
tion oil short-duration pigeonpeas in this report. three lines and a susceptible control (BDN I) 

Were tested at 13 different locations in India but 
ICAR/ICRISATdisease nurseries. Pigeonrea effective screening was obtained at only nine 
germ plasm an(f breeding lines identified by locations. At each oft hese nine locations several 
ICRISAT as resistant to wilt, sterility mosaic, lines were found resistant and two entries (ICP 
and phyttpht hora blight were tested multiloca- 7867 and ICIP 10976) were resistant at all loca
tionally through four different cooperative, dis- tions. ICP 7867 was also found resistant to wilt 
ease nurseries. The objectives of these disease at sone locations. 
nurseries were to identify pigeonpea lilies with 
broadbased resistance to the major diseases and I(A R/IC(RISAT Uniform Trial for Pigeonpea 
to share the seed of resistant materials with the Phytophthora Blight Resistance (IIUTPPBR). 
Indian national programs. The results from Sixteen promising lines and a susceptible control 
these nurseries are stuminarized below. Detailed (Hy 3C) were tested at littne locations and effec
reports are a\ ailable froin the Program l)irec- tive screening was obtained at six of these. The 
tor, ILegumes Program. reactions of the lines varied from location to 

location. No line was found resistant at all six 
ICAR/ICRISAT Uniform Trial for Pigeonpea locations, but KPBIR 80-2. was found resistant at 
Wilt Resistance(IIUTPWR) 1985. This nursery all three locations where it was tested. 
has been in operation since tile 1980-81 season. 
In 1985, 33 resistant lines along with a suscepti
ble control (ICP 2376) were tested at 13 locations 
in India. Proper evaluation for wilt resistance Training 
was done at II locations and varying numbers of 
lines were recorded to be resistant at each of We were pleased to welcome many scientists for 
these locations. A few lines such as ICP 9174, training in various aspects ofpigeonpea research 
ICP 12745, ICPI, 84007, AWIR-74i 15, and Banda and development, in cooperation with our Train-
Palera, were resistant at 9 or 10 locations. ing Program. The periods of training varied 

from as little as a few hours, for training in 
Results of IIUTPWR for 1981-83. Our recent specific methodology, up to 3 years for comple
analyses indicated that during a period of 3years tiori of PhlI)s. 
(1980/81 to 1982/83), 70 lines were tested in Sixteen participants from nine countries (Ban
these trials at 12 locations in India and, except- gladesh, Chile, Etliopia, India, Mexico, Nepal, 
ing at Baroda (Gujarat) and Palem (Andhra Pakistan, Syria, and Thailand) attended the 
Pradesh), several lines were found resistant to Sixth International Training Course in Pigeon
wilt. Lines such as ICP 4769, 7118, 7182, 8863, pea and Chickpea Pathology from 7-22 January 
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1985. Two postdoctoral scientists from India 
completed their 2-year fellowships in pigeonpea 
pathology. One worked on nematodes, includ-
ing studies of interactions between these pests 
and fusarium wilt, the other studied tile epide-
miology of phytophthora blight, 

In entomology, a postdoctoral scientist from 
UK completed 2 years work on the analyses of 
catches of' H. rinigera in light and pheromone 
traps, and a yotng scientist from Senegal spent a 
few months studying pigeonpea pest management. 

Our agronio mists provided short periods of 
training in R hitobiun-prod uction techniques to 
four scientists from India an] i scientist from 
China was trained in pigeonpca agronomy. 

Inl pigeonpea breeding, a student from India 
successfully completed his Ph )at a local univer-
sity. having worked with us on intergeneric 

hybrids. A postdoctoral fellow from Australia is 
now working with us for 2 years on embryo-
culture techniques in such hybrids. An Indian 
PhI) student was witi us for 4 m1onths StudVing 
the genetics of protein content in pigeolnpea sced 
and a Kenvan lhl) student from tle Universitv 
of Nairobi came to learn methods that will 
benefit his studies in the inheritance off usariurn 
wilt resistance in this crop. T\o nonths training 
in breeding methodt1ology was given to ascientist 
froma the Philippines. 

Workshops, Conferences, and 
Seminars 

Pigeonpea Scientists' IMeet 

The first meet exclusiv\'ly for long-d Lrat ion 
pigeonpea organized by ICR ISA IFwas held at 
the .INKVV College of' AgricuItuore, (\walior, 
18-20 March 1985.] hirty-cight sicitists includ-
iig breeders, eitoiiologists, pathologists. inicro-
biologists, arid agronomists participated. Two 
were from Kenyva. one cach from Ian/ania aid 
the Philippines, ard the lest \werc fron ICRI-
SAT and India. Iarticipants, invited to present 
short paperson theusesandinpactofICRISAT 
material on national, pigconpea-iniprovenent 

programs, unanimously agreed that material 
from ICRISAT was important in their pro
grains. They particularly appreciated many 
germplasm and breeding lines with disease and 
insect resistance, synchronous flowering, and 
male sterility, new plant types and lines from 
intergencric crosses. It was noted tha!t, because 
resistance to wilt intd sterility mosaic vas often 
location-slccific, tile disease resistance of mate
rial should bc reconti runed in each location 
before it is extensively used in the brecdin. pro
.ran for that arcal. 

Pa pers fron outside India indicated that there 
is little breeding work on long-durat:on pigeon
pea in other countries. ParticipMts urged ICR I-
S,] to increasc its involvcmenit in the improve
ment of material for their countlics, as tile 
available long-durationmaterialfrom ICR ISA 

is not stitable for their requirements. All scien
lists examined the miaterial in tile field and 
selected o er 500 lines and plants that appeared 
to Most IIealrlV Imet the1ir req ~lnilrlenltS. PItlici
palts said that tihis meet iog provided a chance 
for p-getnpca \\orkcis from man\ disciplines to 
walk. talk. ;illd \ork together in order to share 
their idCas, ail impro\vc understanding and the 
coordinatiol of effort. 

Review 'and Planning Meeting for Asian 
Regional Research on Grain Legumes 

Ihis n.ctting, funded by the Australian Devel

opmen t AssistIance Bureau arid splnsored by 
ICRISAT, the Australian Centre for Interna
tiona l Agricultur al RescarcIi (ACIAR), and the 
International Rice Research Institute (IRRI), 
was held at ICl SAl ('enter, 16-18 I)ecember 
1985. [lhe objectives of the nceting were, to 
ident if cooperative in ks betw.een orga nizations 
concerned \with ICgu,mCs research in Asia, to 
assess tie pro1gress nade since the Corisull iat ive 
Meeting for Asialn (raiin Iegurnes that was held 
at ICRISA] in 1983 and to develop plans for 
future cooperation ill countries of South and 
Southeast Asia. 

Ten scientists fromi seven COO ut ics in tile 
region (langladesh, India, Ildonesia, Nepal, 
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Pakistan, Philippines, and Thailand), nine repre- extent to which we can improve symbiotic nitro
sentatives from six international agencies, and gen fixation in pig( onpea, and suggest how this 
ICRISATscientists discussed research and devel- may best be done. Assessment of the potential 
opment of pigeonpea as well as that of chickpea for mycorrhizal inoculation will continue. Newly 
and groundnut in the region. Executive summar- developed, short-duration pigeonpea genotypes 
ies of the technical reports, discussions, and will be tested to determine optimum agronomic 
recommendations are available from Informa- practices for their cultivation. Studies on opti
tion Services. ICRISAT. mlum plant types for both monocrops and inter-

It was announced that a Coordinator for crops will be intensified. 
ICRISAT's Asian Grain Legume Program had We plan to continue screening all the short
been appointed, and that tlhis program Will be duration breeding material for resistance to ste
active from I January 1986. The meeting pro- rility mosaic and phytophthora blight, while 
vided the Coordinator with strong guidance that ensuring that it is not susceptible to fusarium 
was contained within eight specific recommen- wilt. The mneditml- :!nd long-duration materials 
dations. It was stressed that the primary obJec- will be screened for combined resistance to fusa
tives of the new program should include the rium wilt and sterility mosaic, while ensuring 
promotion of closer contact between ICRISAT that these are not susceptible to phytophthora 
scientists and the relevant scientists in each blight. We hope to make good progress towards 
countrv, and encouragement of a two-way flow purification of not only the sterility nlosa;c 
of information and material. It was also empha- pathogen, but also of the yellow mosaic virus. 
sized that there was a need for coordination We Will focus our attention towards identifying 
between tile various international and regional pathogenic races of Fusarium7 udjn and PhY,
organizations, both to integrate research efforts tophithora dreschsleri f.sp cLianll. 
and to reduce duplication of effort. Other recoin- Our cooperative efforts to strengthen pigeon
mendations were to identify the problems of the pea resistance to Heliothis armigeraand podfly, 
three crops in the region and search for solu- and to combine such resistance with other 
tions, conserve germplasm, mcet training re- required traits, including disease resistance and 
quirenents, detcrnine more exactly the areas in desirable seed quality, Will be intensified. We 
the region where genotypes of the three legume expect to make further progress in understand
crops are adapted, and Londuct socioeconomic ing the population dynamics of H. armigera.We 
studies to find Out the potential uses of the three plan to determine the economic thresholds for 
crops in each country of the region. the major pests and to embark upon integrated 

pest-management trials. We also intend to further 
extend our entomological activities to other 
countries.Looking Ahead In breeding, we intend to continue our efforts 
to develop short-duration pigeonpea with high

Studies on genotypic differences in response to and stable yields. Such types are needed for dou
drought of short- and medium-duration pigeon- ble cropping with wheat in northern India and 
pea will intensify. Screening for tolerance to for many other cropping systems and areas. 
waterlogging and salinity will continue. Studies Work on short-duration hybrids and vegetable 
to define mineral nutrient limitations to pigeon- types will be strengthened. The incorporation of 
pea growth on various soils, and their interac- resistances to biotic and abiotic stresses in all 
tion with soil-water status, will also continue. duration types will continue to be of high prior-
Studies are in progress to determine the timing ity. International testing ano collaboration 
and extent of nitrogen limitation to pigeonpea through national programs and regional net
growth and yield under field conditions. These works will be further developed, not only for 
and other studies will allow us to assess the varietal testing, but also for adaptation trials in 
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various cropping systems, and for utilization 
and processing studies. We hope to increase our 
impact in southern Asia, the Caribbean region, 
and in Africa. The medium-duration, high-
protein lines will be tested for adaptability in 
India, and in othercountries in Asia, for possible 
use as better-quality food for humans and as feed 
for animals. 
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GROUNDNUT
 

Seventy percent of the world's groundnuts are 
produced in the semi-arid tropics (SAT). Con-
taining approximately 25% protein and 50% 
edible oil, groundnuts are important to SAT 
farmers as both food and cash crops. The 
haulms, remaining after the pods are removed, 
are a valuable and nutritious animal feed. The 
average yield of groundnut in the SAT remains 
extremely low (around 800 kg dried pods ha-') 

and fluctuates widely due to unreliable rainfall. 
Disease and insect pest attacks also severely
reduce yields. 

During the 1984/85 postrainy and 1985 rainy 

seasons, we continued research into disease and 
insect pest problems, as well as drought and 
nutrient stresses. We also studied interactions 
between the various stress factors. Our continu-
ing improvement strategy is to use the genetic 
diversity in groundnut and its wild relatives to 
breed for stable resistance or tolerance to the 
major yield reducers. 

Physical Stresses 

Drought 

Screening Genotypes 

During the 1984/85 postrainy season, we drought-

screened a limited number of genotypes to con-

firm responses observed in previous years. Using 
the line-source sprinkler technique, we screened 

128 genotypes belonging to var flistigiata,out of 
which 71 were germplasm lines and 57 were 
breeding lines. Among the breeding lines there 
were 37 lines selected for foliar diseases resist-
ance having drought and foliar2diseass resistant 

landraces as parents. Some of the foliar diseases 
resistant selections maintained the drought tol-
erance of the parental types but produced higher 
yields. This effect is demonstrated by the per-
formance in the terminal-stress treatment of 
ICG(FDRS) 60 relative to that of drought toler-

ant NC Ac 17090(ICG 1697), (ICRISATAnnual 
Report 1984, p. 197) (Figs. I and 2). 
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Figure 1. Biomass performance of groundnut geno
type ICG (FDRS) 60 relative to the drought-resistant 
line NC Ac 17090 in a terminal drought situation, 
ICRISAT Center, postrainy season 1984/85. 
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Figure 2. Pod-yield performance of groundnut geno
type ICG (FDRS) 60 relative to the drought-resistant 
line NC Ac 17090 in a terminal drought situation, 
ICRISAT Center, postrainy season 1984/85. 
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-2Table 1. Total biomass (g m , energy adjusted) produced by the top 10 groundnut cultivars, Dryland Research 
Station, Anantapur, rainy season 1985. 

First sowing Second sowing 

Genotype 
Total biomass 

(g m2) Genotype 
Total biomass 

(g m 2) 
KU No. 206 621 NC Ac 17090 416 
GB (FDS) 127 
J 11 x Robut 33-1 

617 
617 

GB (FDS) 218 
GB (FDS) 127 

411 
402 

GB (FDS) 218 598 EC 76446 360 
NC Ac 17090 580 EC 21139 359 
GB (FDS) 34 
NC Ac 17142 

572 
569 

GB (FDS) 149 
ICGS 21 

353 
352 

Variety 27 
Voleta 

564 
562 

GB (FDS) 18 
NC Ac 17142 

350 
349 

GB (FDS) 18 562 NC Ac 569 344 
SE ±22.4 SE ±15.5 

Control Control 
TMV 2 513 TMV 2 290 

SE ±8.5 SE ±5.8 
CV(%) 10 CV(%) 12 

Table 2. Pod yield of top 10 groundnut cultivars, Dryland Research Station, Anantapur, rainy season 1985. 

First sowing Second sowing 

Pod yield Pod yield
"Genotype (g m 2 ) Genot, pe (g M- 2) 

ICC (FDS) 127 178 EC 21139 114 
GB (FDS) 34 174 Gangapuri Ill
 
ICGS i 169 GB (FDS) 127 110 
Voleta 166 NC Ac 17090 109 

X41-X-X-113 x Goldin I 166 GB (FDS) 218 109 
GB (FDS) 218 165 EC 21040 104 
EC 21024 164 ICGS 21 103
 
NC Ao 17142 164 NC Ac 569 102 
Gangapuri 164 Voleta 101
 
Ah 2105 x Chico 163 TMV 2 x NC Ac 17142 101
 

SE 
 ±6.9 SE ±5.2 
Control Control
 
TMV 2 156 TMV 2 
 90 
SE 
 ±2.6 SE ±2.0 
CV(%) I I CV(%) 15 



The breeding selections tested also included
those fastigiata lines selected for seed dormancy, 
some of which were also found to tolerate termi-
nal drought. 

During the 1985 rainy season, at Anantapur, a 
site in southern India characterized by low and 
erratic rainfall, we tested 42 genotypes in a repli-
cated trial with TMV 2 as a systematic control 
cultivar. The genotypes were sown on two dates 
so that they experienced drought during differ-
ent growth phases. The first sowing, thast received 
315 mm of rainfall, experienced drought for 4 
wecks during the early phase and for 2 weeks 
during the pod-filling phase. Tlhe second sowing, 
which received 200 mm of rainfall, experienced a 
short, early drought, and severe drought from 
the start of pod-filling ut il harvest. Pod yields 
ranged from 1200 1I() 1800 kg ha I from the first 
sowing, and 400)to 1100 kg ha- j froml the second 
sowing. In both experiments, genotypes showed 
large differences in pod yield for a given accumu-
lation of total dry matter (I) M). In the second 
sowing, the pod yields varied f'rom 40 to 120 g 

-n 2 (PkcO.05) for those genotypcs that accumo-
fated 300 g in2 total biomass. A similar trend 
was also observed in the first sowing. The total 
biomass and pod yields of the top It) genotypes 
for the two sowings are prescnted in Tables I and 
2. It was encouraging to note that in bothI the 
trials several foliar diseases resistant lines that 
had shown drought tolerance at ICRaISAT Cen- 
ter significantly outyiclded TM 1 2 inder drought 
conditions at Anantapur.to31080 kg1.7fotte eod 

The parent line NC Ac 17090 ranked high for 
total biomass in both trials, athough only reach

ing the top 10 for pod yield in the second trial. In 
this trial where it had the highest bionass it also 
had twice as much vesicular arbuscular myco 

rhizal (VA M) colonization ats TM V 2.
We also examined 64 selected genotypes for 

recovery responses from midseason drought, 
from 32 to 84 days after sowing (DAS). There 

was considerable genotypic variation in crop 
growth following relief from drought (Fig. 3).

We completed analysis of11 an experiment con-
ducted in collaboration with the Overseas Devel-

opment Administration (ODA) Unit, School of 
Agriculture, Nottingham University, UK, dur-
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Fgure 3. (enotypic variability for recovery responsesfrom mnidseason drought, ICRISAT Center, post
rainy season 1984/85. 

ing the 1982/83 postrainy season. In this exper
iment, four genotypes w~ere subjected to drought 
or regularly irrigated. In the dry, treatment, the 
crop was irrigated regularly only up to 17 I)AS, 
after which the plots rceiv'ed irrigation 72 and 
107 r)AS. This allowed us to examine the geno
types' responses in two drying cycles and two 
recovery cycles. in addition to the v'ariations in 
recovery response reported last year. (ICR ISAF1 
Annual Rcport 1984, p.20),. there were signifi
calnt genotypic differences in the water-use effi
ciency (W\VUFI.) althoughl the tot :l amount of 
water transpired was not different (Table 3). 
There were also genotypic differences in the 
pattern of water extraction from the soil profile. 
NC Ac 17090 was more efficient than other genoietECig~n7646092~~ignt swr ubetdt ruh 

Table 3. Water use efficiences (W\JEs) of four 
groundnut genotypes in the dry treatment, ICRISAT
Center, postrainy season 1982/83. 

loial 
Water intercepted 

transpired radiation WUE 

Gntp m) (ii-)( gi 
FMVs 2 220I 1060) 1.9
Robut 33-I 226 1070 2.2 
NC Ac 17090 225 1030 2. 

e 76446(292) 22 t d.708 
SE -+24 ±l87 ±0.03 
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types in extracting water from the top 40 cm of 
soil, but this efficiency was not associated with 
more roots in this zone at 35 DAS. The substan-
tial mycorrhizal association observed for this 
genotype at Anantapur may have been responsi-
ble for this attribute. 

Biotic Stresses 

Diseases 

Foliar Fungal Diseases 

Leaf spot and rust diseases were less severe than 
usual in the 1985 rainy season because of the low 
rainfall. Losses in pod yield of susceptible culti-
vars were estimated at around 35(*;. However, 
disease levels were sufficiently high to permit 
effective evaluation ofgermplasnl accessions for 
resistance to late leaf spot (Phacoisariopsisper
sonata) and rust (Puchlni arachidis). 

Resistance screening. In 1985, we screened 

-

2125 germplasm accessions for resistance to rus 
and late leaf spot. We selected 190 accession! 
that rated between 2 and 5 on a 9-point diseast 
scale (where I = no disease, and 9 = 50-1001 
foliage destroyed) for advanced screening ir 
1986. 

Fifty-six germplasm lines, rated resistant tc 
rust and/or late leaf spot in preliminary screen
ing in 1984 were further screened in the 1985 

rainy season in replicated field trials at ICRI-
SAT Center, where both rust and late leaf spot
attack were substantial, and at 13havanisagar, 
where late leaf spot was severe and rust attack 
was negzlipihe Forty-three i'ccessions were resis
tant or moderately resistant to rust, and nine 
were also resistant or moderately resistant to late 
leaf spot. This material provides a wide range of 
pod type and seed color for use in resistance 
breeding. 

Resistance breeding. Multilocational yield trials. 
In the 1985 rainy season, we evaluated 150 
advanced breeding lines with resistance to rust 

Table 4. Pod yields (kg ha 1) of some rust- and/or late leaf spot-resistant groundnut selections, multilocational 
trials, rainy season 1985. 

-Irrigated pod yields (kg ha 1) 
Genotype ICR ISAT lBhavanisagar 

ICG (FDRS) 48 1400 4400 
ICG (FDRS) 17 2360 3790 
ICG (FDRS) 40 1750 4150 
ICG (FDRS)22 1740 3750 


ICG (FDRS) 42 1580 4260 
ICG (FDRS) 43 1440 2940 
ICG (FDRS)10 1190 2820 

ICG (FDRS) 36 2150 3350 

Controls 
Robut 33-11 1690 2780 
JL 241 
 930 2920 

NC Ac 170902 
 650 3740 


SE 
 ±122 ±377 


Trial mean (36 entries) 1390 3270 

CV(%) 15 20 

I. Rust- and late leaf spot-susceptible. 2. Rust- and late leaf spot-resistant. 

Rainfed pod yields (kg ha- 1) 

ICRISAT Anantapur Dharwad 

1180 1390 3180 
1310 1030 3580 
530 1360 3500 
680 1500 4030 

860 1150 2990 
1340 1610 3440 
1540 1630 
 3070
 
1010 1390 3350 

580 1360 3260 
1100 1310 
 2380
 
670 1500 
 2880
 

±109 ±108 
 ±253
 

990 1330 2750 

19 14 15 
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and/or late leaf spot for yield at five locations in foliage destroyed). The resistant control NC Ac 
India. At two of the locations, ICRISAT Center 17090 was scored at 3 for rust and 5 for late leaf 
and Bhavanisagar, we had irrigation facilities spot. The susceptible control cultivars Robut 
and crops were given supplementary irrigation 33-I and J 1,24 were scored at 9 for both diseases. 
whenever necessary to maintain good growth. The yield data for selected entries from one trial 
Disease scores for the test entries at ICRISAT with advanced breeding lines are shown in Table 
Center on the irrigated crops were 2-3 for rust 4, and it is evident that they have excellent yield
and 4-9 for late leaf spot (measured on a 1-9 ability under natural disease pressures in south
scale, where I = no disease, and 9 = 50-100; ern India. 

Table 5. Pod yields (kg ha-') of some rust- and/or late leaf spot-resistant advanced-generation groundnut 

selections, multilocational trials, rainy season 1985. 

Irrigated pod yields (kg ha- I) Rainfed pod yields (kg ha -1) 

ICRISAT ICRISAT 
Genotype Center' Bha van isa ga r' Center Anantapur Dha rwad 

Trial I (t1j5) 
RMP 91 I)iT 2(00 2490 3610 880 1251 4080 
OG-69-6-I , NC Ac 17090 1710 5080 400 1470 2751 
GAUG I EC 76446(292) 2470 3860 961 1570 2640 
OG-71-3 ,EC 76446(292) 1600 4110 1440) 1260 3060 
NC Ac 17090 , Robut 33-1 1490 4310 1000 1130 3010 

Controls 
Robut 33-12 1360 1940 510 1580 1860 
Ri.242 1280 3790 816 1600 2010 
NC Ac 17090 1. 960 4010 650 34711440 

SE 
 ±138 ±370 ±174 ±128 ±235
 

Trial mean (40 entries) 1480 3550 820 1200 2550 

CV (%) 16 18 37 18 16 

Trial 2 (F,,-FI3) 
2-5 x NC Ac 17090 2490 4850 920 1560 3380 
GAUG I x NC Ac 17090 2250 4360 1210 1380 4991 
HG I , EC 76446(292) 2220 4710 790 1630 3010 
NC Ac 1107 x NC Ac 17090 2070 4380 1210 1530 3650 

lotigiant x Krap. St.No.16 1780 5130 1040 1320 2280 

Controls 
Robut 33-1 2 

JL 242 

NC Ac 17090 -

1760 
1180 
690 

3150 
3990 
4540 

510 
790 
560 

1310 
140(0 
1420 

2260 
2140 
4160 

SE ±158 ±294 ±92 ±104 ±274 

Trial mean (49 entries) 1580 4110 910 1260 2650 

CV (%) 17 12 18 14 18 

I. Supplementary irrigation provided to ensure ample supply of water. 
2. Foliar diseases-susccptible. 
3. Rust- and late leaf spot-resiktant. 
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Results of two advanced-generation selection 
trials (F,-F1) are given in Table 5. I n Trial 1,tie 
selection from OG 69- 6-1 x NC Ac 17090 gave 
the highest yield of 5080 kg dried pods ha at -' 
Bhavanisagar, significantly outyielding the con
trol cultivars. Several other lines also performed 
well. 

Resistance breeding. Yield trials at 1CRISAT 
Center. We tested a further 350 breeding lines 
under high-inpUt (60 kg P,0s hia- , irrigation, 
and insecticides when required) and low-input 
(20 kg PO , iha-', rainfcd, without insecticides) 
conditions. The controls. .11. 24 and Robut 33-I, 
were released, diseasc-susceptiblc cultivars. 
Thirtv-four selections under high-input, and IS 
under low-inpit conditions significantly out-
yielded the controls. 

Wc continued to select for good plant type 
from interspecific hybrid derivatives with rcsis-
tance to rust and late leaf spot. Yield data for 
nine lines with virginia bunch growth habit, very 
high resistance to rust, and moderate resistance 
to late leaf spot indicate (Table 6) that these lines 
have excellent promise, several otviclding the 
control ciit ivars. These lines also have good pod 
anrd see(] characteristics, 

Stability of resistance. The international ground-
nivt foliar diseases nurserv was grown at ICR I-
SAT Center in tile 1985 rainy season for the 7th 
consecutive year. Rust and late lcaf spot disease 
scores for the 5 susceptible control cultivars and 
for most of the 43 test entries agreed closely with 
those obtained in previous years. However, I('( 
3580 scored 4.5 for rust compared with 6.1 
(average) in earlier years: IC(; 7886 scored 4.8 
for late leaf spot coinlpacd with 6.5 in earlicr 
years, and IC(i 7887 scored 3.4 for late leaf spot 
c. mparcd with 6.0 in earlier years. The trial will 
be repeated in the 1986 rai nv season, 

Economics of resistance. We grew rust- and 
late leaf spot-rcsistant and susceptible cutivars 
in the 1985 rainy season, with and without fungi-
cidal protection, in replicated trials at ICRISAT 
Center and in farmers' fields in l)okur village, 
Andhra Pradesh. The trials in farriers' fields 

ablc 6. Performance ofsome rust- and late leaf spot
resistant virginia bunch type interspecific hybrid
derivative groundnut selections, ICRISAT Center, 
rainy season 1985. 

t)isease scorcs' 
Pod yield L.ate leaf 

Pedigree (kg ha - ) Rust spot 
CS-13/ -11-I1,-B 283) 2 5 
CS-16-131,-1,-II, 2690 2 4 
904. I-l11-,41-H, 
('S-1 3 -Bll4--I3l 

267) 
2460 

2 
2 

5 
5 

2024-Bl-r-BI3 2390 2 5 
CS-29, I-I1-1-4 2380 2 5 
('S-9_11 1-11 1 226) 2 5 
('5-31 I-I-I3,-B1 2251 2 4 
9)4-11,-2-I13 2220 2 5 
Controls 

Robut 33-12 1690 9 9 
.11.242 1250 9 9 
NC Ac 17090 . 710 2 5 

;S: ±149 -0.1 ±0.5 

Trial mean (I8 entries) 2190 
('V (i 	 12 7 16 

.	 Fielddisease scored on a 1-9 scale, where I no diseases 
and 9 =50-I 01*i foliage destrovd. 

2. loliar diseascs-susccptible. 

3. [oliar diseases-resisiant. 

suffered severel' from drought and yields were 
negligible. Yields in the ICRISAT Center trial 
with supplementary irrigation were also low, but 
treatment effects were evident (Tb!,. 7). TiL 
resistant cutivars in plots without fungicidal 
protection had significantly higher pod yields 
than the susceptible control cultivars. One of the 
resistant cultivars. ICG((F1)RS) 18, had signifi
cantly higher haolin yields than all other entries 
in both protected (fungicide sprayed) and non
protected treatments. 

Fungicide evaluation. We compared bitertanol 
and all experimental fungicide, with chlorotha
lonil, a fungicide that has provided excellent 
control of rust and leaf spot diseases overseveral 
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Table 7. Performance of two foliar diseases-resistant, and three susceptible groundnut cultivars, with and without 
fungicide application, field trial, ICRISAT Center, rainy season 1985. 

Water 

Genotype spray 


Susceptible 
J I12 288 

JL 242 383 

Local -, 310 

Resistant
 
ICG (FI)RS) 104 1010 

ICG (FDRS) 184 901 


SE 


CV (%) 


. )aconil : (Chlorothalonil) applied at 10-day intervals. 
2. Released Indian cultivars. 
3. Farmer's own seed. 
4. Rust-and late lea f spot-resistant breeding lines. 

seasonsat ICRISAT Center, forcontrol offoliar 
diseases. The cultivar ICGS II was used, and a 
water spray control was included. The diseases 
were less severe than usual. All three fungicides 
increased pod yields. Chlorothalonil gave the 
best control of the diseases but bitertanol appli-
cation gave the highest increase in hatilm yield 
(Table 8). 

Soilborne Fungal Diseases 

The Aflatoxin Problem 

Effects of drought stress. In two field trials at 
ICRISAT Center in the 1984/85 postrainy sea-
son, we examined the effects ofdrotight stress on 
preharvcst seed invasion of groundnut by Asper-
gillus liavus, and on coPwamination of the seed 
with aflatoxin. Eight ground nut genotypes were 
used, four with resistance to in-vitro coloniza-
tion of rehydrated, stored, mature seeds by A. 
flavus in laboratory inoculation tests, and four 
suszeptible ones. Drought stress was induced by 
withholding irrigations. Data from one of the 

Mean yields of dried produce (kg ha-') 

Pods Haulm. 

Daconilc" Water Daconil® 
applied' spray applied 

690 1180 1650 
985 938 1440 
780 1240 1770 

1020 1060 1570 
888 2660 2910
 

±144 ±229
 

20 14 

trials are shown in Table 9, and it can be seen 
that genotypes with seed resistance to A. llavus 
in laboratory tests had lower levels of invasion 
by this fungus, and lower levels of contamina
tion with aflatoxin B1 at lifting (i.e., preharvest) 
than the susceptible genotypes. Drought stress 
increased both A. Ilavus invasion and aflatoxin 
contamination in seed of all genotypes. 

Resistance screening in the field. Germplasm 
accessions evaluated in the 1984 rainy season at 
four locations and found to have preharvest 
resistance of seed to invasion by A. Ilav'us and 
other fungi were again tested at the same loca
tions in the 1985 rainy season. '1wo breeding 
lines and three susceptible controls were included. 
Significant genotypic differences were found in 
seed invasion by A. lavus and other fungi (Table 
10). Rankings were similar across locations and 
similar to those determined in 1984. There were 
interactions between genotypes and locations 
for fungal invasion. 

Thirty germplasn accessions that showed 
seed resistance to A. Ilavusin preliminary tests in 
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Table 8. Evaluation of fungicides for control of groundnut foliar diseases, field trial using cultivar ICGS II, 
ICRISAT Center, rainy season 1985. 

Mean yields of 
Leaf area h eoli-damagedi (.') by dried pioduce(kg ha-i

ationRG1.2Shelling
 
Plants sprayed with' Rust L.eaf spots (':) 
 (' 3 Pods Ilauhns 6
 
Bitertanol 
 2.9 0.9 20.1 76.9 1620 162(0 70.6Experimental fungicide 5.0 0.5 16.4 78.9 1480 1440 71.0

Chlorothalonil 1.3 0.1 1 0.2' 98.4 1530 1750 72.1 

SE ±0.761 ±0.291 

Control
 
Water 
 19.2 5.0 30.4 52.9 1050 14601 72.7 
SE ±0.66- ±0.631 ±5.29 ±4.79 ±143 ±158 ±0.77 
CV (%) 6.2 10 10 1 

1. All fungicides and water control applied at 10-das interals. 
2. RCL. remaining green leaf. 
3. Eixcluded fron computation of slaudard en or. 
4. Standard error of futngicide pray tieat r tetts. 
5. Standard error ot w.ater spray treatfmeit. 

Table 9. Preharvest seed infection by .t.tspergillus fluvus and aflaloxin contamination in eight groundnut
genotypes grown under full irrigation and with droughl stress, I(CISAT ('enter, postrainy season 1984/85. 

Seeds infected hy ,.1../lavit. Allatox\in 1I cotett of seeds (g kg-I) 
Fill No irrigation front IFull No irrigation fromGenotype irrigation 95-125 l)AS irrigation 95-125 I)AS 

IVSCAF-resistant!
 
Ali 7223 
 0.4 (2.5)' 1.4 (6.8)' 3 (0.9)1 4 (1.3)' . 
J II 0.7 (3.1) 2.0 (8.0) 3 (0.8) 9 (1.8)

UF 71513 0.7 (3.4) 2.3 (8.4) 
 I (0.3) 5 (1.5)
PI 337394F 1.2 (6.3) 3.4 (10.6) 3 (0.7) 22 (2.8) 
SE (±0.85) (±0.59) (±t).31) (±0.28) 

IVSCAF-susceplible' 
TMV 2 2.9 (9.5)2 6.6 (14.6)2 10 (2.0)4 28 (3.2)'
NC Ac 17090 2.4 (8.6) 14.2 (21.9) 10 (1.5) 96 (4.3)

Gangapuri 4.6 (12.3) 
 12.8 (20.8) 5 (1.4) 161 (4.7)

EC 76446(292) 5.8 (13.5) 13.7 (20.8) 
 22 (2.4) 692 (5.8) 
SE (±0.75) (±1.32) (±0.45) (±0.27) 

1. IVSCAF = it vitro seed coloniation by ..1. flavu.%. 
2. Values itt parentheses are are sine tiransformations. 
3. Values itt pareti theses are log Iraltslortnalioins. 
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Table 10. Natural seed infection of 13 groundnut genotypes with Aspergillusflavus(AF) and other fungi (OF) at 
four Indian locations, rainy season 1985. 

Seeds infected (%) 
Iirupaii Anantapur Bapatla ICRISAT Center 

Genotype A F O F A F 0 F A F OF A F O F 
Ah 7223 0.5 (3.9)11.2(6.3) 0.7 (4.9) 1.2 (6.3) 0.3 (2.9) 2.6 (9.3) 0.5 (3.93 0.9 (5.5)
.1 11 0.8 (5.2) 0.9 (5.5) 0.9 (5.3) 1.4(6.8) 10.1 1.2 0.3 (3.0) 0.5 (4.2)(2.0) (6.3) 
U4-47-7 0.7 (4.8) 0.9 (5.5) 0.7 (4.9) 1.0 (5.8) (.0 ((.0)- 2.1 (8.4) 0.5 (4.0) 0.6 (4.5)
U F 71513 1.8 (7.8) 5.5 (13.5) I.I (6.1) 2.7 (9.5) 0.5 (3.9) 7.8 (16.2) 0.6 (4.5) 2.8 (9.7) 
P1 337394F 2.1 (8.4) 7.3 (15.7) 1.6 (7.3) 

Var. 27 3.6 (1(.9) 4.3 (11.9) 4,6 (12.4) 
ICGS (A ') 58 6.5 (14.8) 13.8 (21.8) 6.2 (14.4) 
ICGS (AF) 78 5.0 (12.9) (2.7 (20.9) 5.5 (13.5) 
1NIV 2 6.5 (14.7) (2.4 (20.6) 4.0 (11.6) 

F,.-5 " 
NC Ac (7090 5 . N1 (3 6 (21.6) 4.5 (12.2) 

(iGangapuri 15.8 (23.4) 29.5 (32.9) 12.2 (2).4) 
NC Ac 17090 20.0 (26.5) 39.8 (39 1) 20.9 (27.2) 
1C 76446(292) 21.3 (27.5) 448 (42.0) 40.X (39.7) 

S:F (±1.29) (t2.20) (0l.8) 

0V (e) (19.0) (22.9) 117.1) 

1.Values ini parnlth arercar M tratis( nllomllls.
 
2. Excludcd (rom (le computation ol SP(\. 

1984 were again screened in a field t.ial at ICR I-
SAT Center in the 1985 rainy season. Invasion 
ranged from 0.5 to 30(i. The best material will be 
screened again in 1986. 

Breeding for resistance. We made several new 
crosses involving genotypes with sced resistance 
to A. flares invasion, genotypcs witI low capac-
ity to support aflatoxin prod uct ion, and high-
Yielding adapted lines. 

l)uring the 1984/85 postrainy and 1985 rainy 
seasons, we grew and advanced 2882 bulk selec-
tions derived from crosses betwen A. fla vus
resistant lines and high-yielding adapted lines 
from F, to F generations. We madc 2371 sclec-
tions from (his material and these arc being 
screened itthe laboratory for seed resistance to 
colonization by A. Ilavus. 

Seed from 126 breeding lines, derived from 

6.7 (15.0) 0.-/(4.9) 9.1 (17.6) 0.7 (4.9) 4.2 (11.8) 

7.9 (16.3) 1.9 (8.0) 7.4 (15.8) 2.5 (9.0) 4.9 (12,8) 
9.5 (17.9) 3.8 (11.3) 12.5 (20.7) 3.7(11.1) 6.1 (14.3) 
7.2 (15.5) 3.0 (9.9) 17.6 (24.8) 5.1(13.0) 8.4 (16.8) 
, 116.2) 2.7 (94) 10.6(19.0) 4.2(11.8) 7.6(16.0) 

5.6 (13.7) 4.4 (12.1) 8.8 (17.3) 4.2 (11.8) 6.0 (14.2) 
S.0 (17.0) 5.2 (13.2) (6.)) (23.6) 8.0 (16.4) 10.0 (18.4) 
i4.0 (22.))) 4.9 (12.7) 17.6 (248) 16,. (23.6) I I.0) (19.3) 
15.9 (23.5) 6.2 (14.4) 29.4 (32.8) 25.3 (30.2) 19.8 (26.4) 

(±!.,t4) (-i.27) (-t1.67) (±1.30) (i-1.40) 

(27.1) (31.4) (18.3) (23.9) (21. ) 

to A. flvus invasion and adapted lines, were 
tested for in-vitro resistance to invasion of rehy
drated seeds by A. flavus.The material was from 
trials grown at ICRISAT Center (under high
arndlow-input conditions), Bliavanisagar, and 
i-Hisar. I)ata from one set of trials are given in 
Table 1I.In all, nine lines showed resistance and 
gave high yields, and these will be further evalu
ated in 1986. 

Slem and Pod Rots 

Groundutits grown on Vertisols under irrigation 
in the postrainy season at ICRISAT Center are 
su bject to pod and stem rots caused by Sclero
6iut1) rolI'sl ill association with Fusarium spp. 

In the 1984/85 postrainy season we screened 
64 breeding lines for resistance to S. rollsii ina 

crosses involving genotypes with seed resistance replicated field trial, and 3 showed lower than 
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Table 1. Aspergillusflavusseed colonization (% SC) and pod yield (kg ha-') ofselected groundnul breeding lines 
resistant to A. flavus, grown at four Indian locations in the 1984 rainy season, tested in 1985. 

ICRZ ISAT I('R ISAMI 1lhavani
('enter II ('enter L.I: sagar Ilisar Mean 

Pod Pod Pod Pod Pod
 
Identity Pedigree 
 Si(" yield 1iSC yield I' SCU yield '7 SC yield 'iSC yield 

ICGS (AU) 5 .1 II - I' 3373941F 13.2 2960 14.6 491 8.5 30330 12.9 3201) 12.3 2420 
ICGS (AF) 6 I) 337419 IIF 71513-I 10.3 2710 13.2 780 8.5 2190 10.0 3510 10.6 2290
 
ICGS (AF) 7 Ali 32 I1337409 16.9 
 2990) 12.7 760 13.2 2100I(6.5 3510 14 8 2340
 
ICGS (AU) II Faiipur 1-5- P1 337409 10.9 28110 17.8 680 7.5 1691 
 13.7 355) 12.4 2180
 
ICGS (AF) 12 U : 71513-I 11 3373941: 14.8 2371) 11.8 87) 9.7 2541 13.3 3270 12.4 2260
 
ICGS (AF) 13 NC 17 - I' 3373941- 10.9 233)) 17.3 82)) 13.1 24')0 20.2 3260 15.3 2221
 
ICGS (AU) 21 MI 12 , P13373941: 12.3 25411 18.6 
 560 12.1 2210 (6.7 3120 14.9 211(1 

Controls 
.111' 1.7 2300 11.6 800 '9.3 2000 13.9 3150 11.3 2080 
(U 71513-I 7.4 226)0 13.9 86)1 6.9 2311 9.8 3)71) 9.5 2150 
JL+ 241 33.9 2520 32.4 421) 41 .0 2030 49.5 31)40 39.2 2000 
Robut 33-14 2(1.7 28(00 32.1 9)) 37.8 1581 33.9 2960 31.1 20)8) 

SF ±5.54 ±295 -425 133 f4.6)1 ±345 6.0)1 47 

Trial mean (36 entries) 2(1.32 2570 21.79 710 2(.12 2050 24.70 327) 

CV (C) 47 14 34 23 40 21 42 17 

I. I1 lligh input (60 kg P(), ha'1. with irigalon and insccticidc Sprays). 
2. 1I1 l.0% input (20 ku l'.(), ha 1,rainled sithout insecticitle sp/aysI. 
3. Resistant to seed coloni/ation b-,I./hivus. 
4. Susceptible to seed cohni/ation byr ..1. /haVu.+ 

average incidence of pod rot (T.8b). (lahle 12), and crossed with germplasm lines 
In the 1985 rainy season there w%'as an unuso- resistant to the thrips vector, Frankliniellaschul

ally severe attack by S. rols'hii on groundnuts t/ei. Several advanced-generation, field-resistant 
grown in some Alfisol fields. We screened 134 breeding lines with desirable pold and seed char
interspecific hybrid derivatives with resistance to acteristics and with lower field incidence of 13N) 
rust and late leaf spot and found that almost all than the field-resistant cultivar Robut 33-1 have 
were susceptible to pod rot. The few lines that been identified in preliminary trials, and will be 
showed slight resistance \,ill be rescreened in evaluated lor yield potential in 1986.
 
1986.
 

Peanut Clump Virus (PCV)
Virus Diseases
 

Causal agent. Isolates from five geographi-
Bud Necrosis Disease (BND) cally separated locations have been shown to 

have similar chemical properties and particle
During the 1985 rainy season we screened over morphology (ICRISAT Annual Report 1984, 
2700 gerrnplasm accessions, breeding lines, and p.2 12). We studied serological cross reactions 
interspecific hybrids (involving Arachis chaco- among the five isolates and found that the Bapa
ense) for field resistance to BND. Several field- tla (Andhra Pradesh), Chinnaganjam (Andhra
resisant gernplasm lines have been identified Pradesh), and Talod (Gujarat) isolates were 
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Table 12. Groundnut germplasm and breeding lines distinguished by host range on selected legumi
with low incidence of bud necrosis disease (BND), nous and solanaceous plants.
 
ICRISAT Center, rainy season 1985.
 

Transmission. We found levels of seed trans-
Genotype BND incidence () mission of PCV as high as 15% and detected the 
C 145-12 P 9 virus in embryo, cotyledons, and testa. The fun-
Ab 7729 10 gus, Polymyxa graminis, found in all PCV-
NC Ac 18002 I1 infested soils examined (ICRISAT Annual Re-
MK 383 15 port 1982, p. 189) has now been detected in soilsN. 943 19 	 from two new PCV locations. Wheat, wildsorghums (Sorghum bicolor and S. arundina-
NC Ac 343 21 ceurm), Setaria italica, and Eleucine coracana 
EC 36892 22 were found to be hosts for both PCV and P. 
CS 39 28 graminis.Air-dried, PCV-infested wheat roots 

Controls containing P.graminiscystosori, stored for 21 
Robut 33-11 30 years in a refrigerator, when powdered and 
TMV' 50 incorporated into sterilized soil induced the dis-

SE ±3.8 	 ease in wheat and S. italica. Furthermore, soa
kates from the PCV-infested wheat roots con
taining P. granmitis cystosori produced PCV 

I. Cultivar with low field incidence of 13ND. 	 infection in graminaceous hosts. Addition of 
2. Susceptible cui:ivar. 	 kinetin to root soakates resulted in nearly 90% 

infection. These results confirm our earlier obser
vations (ICRISAT Annual Report 1984, p. 212) 

serologically related and distinct from the Lud- that 1PCV can be transmitted by P. granis. 
hiana (Punjab) and Hyderabad (Andhra Pra
desh) isolates. The results of decoration tests (a Resistancescreening. In the 1985 rainy season, 
form of immunosorbent electron microscopy) we screened 874 germplasm accessions at Bapa
are shown in Figure 4. The five isolates were tla and 1500 in Ludhiana in PCV-infested soils. 

In both locations, several accessions showed tol
erance to PCV. The Arachis species 30036, 
which did not become infected in 1984 rainy

__..season tests (ICRISAT Annual Report 1984, p. 
212), and several entries that showed tolerance, 
will be retested in Ludhiana and Bapatla in 1986. 

Peanut Mottle 	Virus (PMV) 

Resistance screening. In the 1984/85 postrainy 
and 1985 rainy seasons, we screened 264 breed
ing and germplasm lines for resistance to PMV. 

r 	 Four breeding lines and one germplasm acces
sion showed 'ess than 5%yield loss in both the 

Figure 4. Indian peanut clump virus (Talod isolate) seasons, and are being tested in a replicated trial 
particles reacted with its own antibodies. Note decora- in 1986. 
tion of virus particles with antibodies. (Bar length We conducted additional tests on genotypes 
represents 60 nm). EC 76446 (292) and NC Ac 17133 (RF) for seed 
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transmission of PMV. So far, over 17000 seeds 
of each of the genotypes were shown not to 
transmit PMV through seed, thus confirming 
our earlier results (ICRISAT Annul Reports 
1982, p. 189; 1984, p. 212). Further testing of 
over 5000 seeds of a cross involving FSB7-2 and 
EC 76446(292) confirmed that it did not transmit 
PMV through seed (ICRISAT Annual Report 
1984, p. 212). We also tested several high-
yielding breeding lines, thaL are also resistant to 
rust and leafspot, and one selection from a cross 
involving Comet and NC Ac 17090. None of the 
5000 seeds so far tested transmitted IMV. 

Peanut Yellow Spot Virus (PYSV) 

This widely distributed virus was shown to be 
transmitted by Scirtothrips dorsalis. It resem-
bles tomato spotted wilt virus (I'SWV) in parti-
tie morphology. The virus was partially purified 
from ground nut leallcts showing early PYSV 
symptoms, and an antiserum was produced. We 
tested serological relationships of PYSV using 
antiscra for TSWV from several sources. In 
these tests no serological relationships were 
detected between I'SWV andiPYSV. We also 
found that PYSV differed frm I'SWV in host 
range and symptoms. 

Virus Disease Surveys 

A simple enzyme-linked immtnosorbent assay 
(ELISA) test procedure has been standardized 
for use in detecting groundnut viruses in disease 
surveys. Collaborating with scientists in Thai-
land and the Philippines, we identified PYSV in 
Thailand and P)MV and peanut stripe viruses 
(PStV) in both the countries, 

In disease surveys in India, veinal-chlorosis 
symptoms on young leaflets followed by severe 
stunting was observed on postrainy-season 
groundinuts at several locations. Disease inci
dence reached as high as 45%. We observed a 
similar disease at low incidence in our survey,; in
1977, 1979, and 1980 in many parts of Andhra 
Pradesh, Karnataka, and Maharashtra States. 

Nematode Disease 

In cooperation with scientists of Andhra Pra
desh Agricultural University(APAU), wescreen
ed 560 germplasm accessions for resistance to 
the nematode TyIenchorhynchus brevilineatus 
in a replicated trial ir a farmer's field in the 1985 
rainy season. )isease was severe and uniform. 
Several entries that showed lower-than-average 
disease severity are being further tested in the 
1985/86 postrainy season. 

Insect Pests 

Incidence at ICRISAT Center 

Thrips (Frankliniella schultzei and Scirtothrips 
dorsalis) caused considerable leaf daiage early 
in the postrainy season in crops not protected 
with insecticides. Populations of the groundnut 
leaf miner (Aproacremn modicella) were high 
during the pod-filling stage of this crop and 
insecticides were applied for their control. Jas
sids (Empoasca kerri) and the tobacco caterpil
lar (Spodoptera litura)did not cause problems 
during 1985. 

Rainy-season crops were relatively pest free. 
Initially, the groundnut aphid (Aphis cracci
vora) caused isolated plants to wilt but disap
peared without causing extensive damage. The 
same was true of thrips (S. dorsalis)and white 
flies (Beinisia sp). F. schultzei infestations were
sufficiently high to ensure high levels (up to 60%) 
of 13ND in sonic fields. Heliothisarmigerades
troyed a few flowers in the crossing block. An 
earwig (Anisolabis annulepes= Euborelliastah) 
bored holes in almost 40% of te pods ofsuscep
tible genotypes in a Vertisol field. The ground
nut leaf miner was not a problem in the rainy 
season, possibly because it was heavily (90%) 
parasitized in its first two generations. 

Host-plant Resistance 

Groundnut Leaf Miner (Aproaeremamodicella). 
We screened 480 genotypes in the postrainy sea
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son (274 in replicated trials) and demonstrated, longevity was significantly reduced on all the test 
for the first time, clear evidence of resistance to genotypes (Table 13). There was a correspond
this pest in a wide range of genotypes, including ing reduction in fecundity on all except NC Ac 
germplasm accessions, early-maturing breeding 2142, while on Nc Ac 343 the fecundity was 
lines resistant to foliar diseases, and interspecific significantly lower than on the control, but was 
derivatives (see below), higher than the means of the other genotypes. 

Jassids reared on NC Ac 343, 2214, and 2230 did 
Jassids (Empoasca kerri). We selected 16 of not survive through a second generation. The 
510 genotypes screened in the rainy season for fecundity of individual jassids reared on four of 
jassid resistance for further testing. The germ- the resistant genotypes was still low after two 
plasm lines, EC 36892 and All 7729, and the generations on cowpea plants. 
Arachis chacoLnse derivatives No.943, CS 14, 
and CS 39, had low levels ofjassid damage and Thrips (Franklinielaschultzeiand Scirtothrips 
gave about twice the yields of the control culti- dorsalis). Of the 25 elite lines screened for 
vars TMV 2 and Robut 33-1. thrips resistance GBPRS 312 and GBPRS 138 

The influence of 10 resistant genotypes on the were resistant to both species; GBPRS 145 was 
bionomics ofjassids was studied by releasing 10 resistant to S. dorsalis but only moderately
adults on three plants ofeach line. Adults of the resistant to F. schultzei; GBPRS 302 was resis
subsequent third generation were weighed and tant to F. schultzcibutsusceptible to S. dorsalis. 
then placed on a preferred host (cowpea Vigna Low bud necrosis disease incidence in 34 lines 
unguicylatacv C 152) to test for any carry-over that had previously been screened was shown to 
effect of host genotype on their fecundity. Adult be caused by resistance to F schultzei. We iden-

Table 13. Biology or jassid Empoasca kerri on resistant and susceptible groundnut genotypes. 

Mean body Mean fecundity
Mean adult Mean mass of third on cowpea 
longevity fecundity generation after two 

Genotype (d)l female -' adults (jug) generations 
M 13 9.1 4.3 4.5 42.3 
NC Ac 2142 8.8 23.7 4.6 24.4 
NC Ac 2240B 8.0 3.7 2.6 1.1
 
NC Ac 2144 
 7.3 2.3 4.6 20.0 
NC Ac 2242 7.1 5.7 2.6 4.7 
NC Ac 2240T 6.9 1.3 4.8 0.0 
NC Ac 2243 6.6 2.2 6.5 0.0 
NC Ac 343 6.4 9.7 NS2 
NC Ac 2214 6.0 1.3 NS 
NC Ac 2230 6.0 2.3 NS 
Control 
Robut 33-1 12.8 24.0 5.7 29.0
 
SE ±0.54 ±0.16 ±0.44
 

Mean 8.2 7.0 4.6 

CV (%) II 40 16 
I. Mean of three replications, 10 jassids plant-'. 
2. NS =Jassids did not survive through three generations. 
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tified additional sources of resistance to this 
insect. 

Integrated Control 

Determinat: n of groundnut leaf miner damage 
threshold. A series of experiments was initiated 
in the 1984/ 85 postrainy season to determine the 
population density (damage threshold) at which 
tile ground nut leaf miner causes yield loss. 
Ground nut leaf miner densities in 20 m - 20 m 
plots of Robut 33-I were regulated by means of 
the insecticide schedule in Table 14. 

The maximum density occurred after three 
generations of the pest and coincided with the 
pod-filling stage. There werc few larvae in the 
plots that received the higher rate of di methoate 
(Table 14). The lower rate of dimctihoate reduced 
the groundnut leaf miner population to about 
IO0%of that in tile nonspraycd plots. l)ifluben-
zuron (a moulting inhibitor) had no significant 
effect on larval density. 

The mean hiauhn yield from the high dimetho-
ate treatment was significantly higher than that 

from the control plots. The other treatments 
gave intermediate effects. The mean pod yield in 
the control plots was 35% lower than in those 
that received the high rate of dimethoate, but 
only slightly lower than in plots that received the 
low rate of d imethoate. The pod yields in the 
other two treatments were also significantly 
higher than in the control plots, but significantly 
lower than in both dimethoate treatments. 

Plotting the pod yields of each population 
density showed that yield loss did not occur 
unless there were in the order of 60 mines plant-'. 
This is a good indication of the damage thre
shold of ground nut leaf miner on Robut 33-1. 

Estimating the required degree of pest resis
tance. In collaboration with tile Resource Man
agement Program, the data collected in the 
1984/85 postrainy-season experinient is being 
used in the development of a dyniamic program
ing procedure designed to determine the amount 
of host resistance to groundnut leaf miner that is 
needed to avoid insecticide application without 
losing yield. 

Table 14. Effect of four insecticide regimes on the maximum number of groundnut leaf miner (Aproaerema
modicella) larvae and 

Trea tment 

l)imethoate high rate' 
l)imethoate low rate. 
Dilluben/uronW 
Dichlorvos5 

Control 
No spray 

SE 

CV (1'-) 

1.Insecticides applied at 
2. 400 g ai ha-1; 8 sprays. 
3. 200 g ai ha-1; 3 sprays. 
4. 25t0 g ai ha-'; 3 sprays. 
5. 300tg ai ha''; 3 sprays. 

some yield parameters in a field trial, ICRISAT Center, postrainy season, 1984/85. 

Mean 
niaxinmum Mean 

Mean damaged Final plant hauhin Mean Pod 
maximum 


larvae plant-' 

1.9 
31.4 
74.9 
67.9 

85.0 

±5.40 

23 

a water rate of 350 I.ha-I. 

leaflets population yield pods yield 
-
plant -' ('000 ha') (kg ha-') plant-' (kg ha-I) 

20 81.9 180 20.9 1780 
176 81.1 1640 18.0 1700 
381 81.9 1420 16.5 1430 
299 83.4 1510 16.5 1580 

366 82.1 1270 15.7 1150 

±22.6 ±2.8 ±0.14 ±1.70 ±0.11 

20 3 9 21 7 
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Genotypic response to groundnut leaf miner whereas No. 75-22 with the lowest leaf damage 
attack. Sixteen genotypes were sown in a split- ranked 12th in terms of yield loss. 
plot arrangement in RBD (3 replicates, 8 rows 

plot-'). Four adjacent rows in each plot received 
three applications of dimethoate (200 g ai ha-, in Tobacco Caterpillar (Spodoptera litura) 
300 1.water ha I) during the season to reducec 
groundnut leaf miner numbers. ZMB 2087, SM Slwodoptera littura defoliates groundnut crops 
231, NC Ac 12. and M 13 had about half the level througlout Asia. It has therefore been selected 
of leaf damage of the other genotypes and suf- as the subject of an intensive study that will 
fered comparatively little loss in vield (Table 15). prodtce computer models that can be used to 
NC Ac 17090 was susceptible to groundnut leaf evaluate pest-management procedures. Such mod
mincr attack but this had little influence on yield. els are usual ly 'd riven'by climatic events, temper-

Table 15. Yield loss caused by the groundnut leaf miner (Aproaererna modicella) to groundnut genotypes, a
comparison of insecticide-treated and nontreated subplots, ICRISATi Center, postrainy season 1984/85. 

D)amagcd Yield of SMK I 

foliage in Yield 
nontrcated (kg ha loss 

(ienotype Grolth habit plots (F;')2 Sprayed' Nontreated (%) 

Porto Alugue Valencia 93 (81) 4 937 632 33 
NC Ac 1709) Valencia 57 (49) 1380 1230 II 
NC" Ac 17133 Valencia 87 (72) 1090 560 49 
V 2t) Spanish bunch 83 (70) 1020 747 27 
TMV 2 Spanish bunch 77 (61) 1020 581 43 

RS 69 Spanish bunch 87 (73) 868 411 53 
ZMB 2)87 Spanish hunch 33 (35) 434 477 0 
SM 231 Spanish bunch 33 (35) 607 488 20 
NC Ac 12 Spanish btch 30 (33) 709 509 28 
No. 75-22 Spanish bunch 25 (30) 552 347 37 

Robut 33-1 Spanish bunch 70 (57) 1310 672 49 
Ai 3 Runner 37 (37) 1170 865 26 
M 13 Runner 35 (36) 708 653 8 
S I Runner 53 (47) 1120 724 36 
VRR 222 Runner 28 (32) 833 600 28 
VR R 159 Runner 30(33) 748 554 26 

SE 5 (±5.7) ±70 

SE 25 ±61 

Cultivar - spray (67.2) 

CV (14) (20) 14 

I. SNIK z Sound mature kernels. 
2. The level of infestation in protected plots was negligible. 
3. lihrce sprays of dimethoate 225 gai ha I werc gisen at Itt-day intervals starting from 60 DAE. 
4. Figures in parentheses are arc sine trarstornkd values. 
5. St: I for comparing cultivars under samc or diflcrent spray treatment. 

SE 2 for comparirg spray treatment under sanre cultivar. 
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ature being the most important. Therefore, the pest causing serious damage to groundnuts infirst step has been to determine the effect of India. Populations of the other pest species pretemperature on the development rates of this sent (Tribolium castaneum, Oryzaephilus merpest ---the lower developmental threshold ten- Cator, Corcvra cephalonica, and Tenebroidesperatures and the thermal requirements (degree mauritanicus) remained low and caused little
days) of the egg, larval, pupnt, and preoviposi- damage.
tion stages of this pest under constant tempera
tures are shown in Table 16. These results are Storage pest resistance. We are developingbeing compared with field-development rates in methods that will enable groundnut genotypesorder to adjust them for the effect ofdiurnal and to be screened quickly and reliably for resistanceseasonal temperature fluctuations. to some of the major postharvest pests. In one of 

these studies the seed of 15 genotypes (each 
replicated six times) were examined for resis-Storage Pests tanoe to C. ceph:loica.The larval survival on 
the least-susceptible genotype (Robut 33-I) wasAssessment of storage losses in India. We approximately one-third of that on TMV 2, themadeadetailcd studyofpostharvest insect infes- ruost-susceptible genotype (Table 17). Othertation and the associated weight loss to unshelled possible parameters of resistance, such as pergroundni ut s in a large commercial warehouse at centage dry-mass loss of seed and total mass ofKurnool, Andhra P'radesh. Fiftv sacks (total larvae prod uced, were closely correlated with the mass 1.5 t) were placed in a store in .1ly 1985 and number of larvae surviving each treatment.
 

sampled once a month. We estimated the popu
lation density of each pest species present and
 
the percentage weight loss it caused. 
 The Most Breeding for Pest Resistance
 
damaging pest was the grouindnut bruchid Carve
don serratu.s, which caused nearly 201,i seed loss 
 Multilocational Pest Resistance Varietal Trial.
(dry mass) over the 5-nionth study period. 
 )uring the 1985 rainy season, we evaluated 53This represents the first accurate report of this high-yielding selections resistant to jassids and 

Table 16. Developmental thresholds (1C) and thermal requirements (degree days) forSpodoptera litura, ICRl-

SAT (enter, 1985.
 

Rate of I'; of total thermalLower developmental developrnen12 
developmentalStage threshold temperatures' (d) Degree days ;e';")d 

Egg 8.2 (4.1-12.2)1 -12.83 + 1.57x 64 (49-78) 12
 
r =0.95
 

Larval 10.0 (6.6-13.4) 
 -3.29 +0.33x 301 (241-365) 55 
= r 0.96
 

Pupal 10.2 (9.6-10.8) 
 -6.59 +0.65x 155 (149-160) 28 
r = 1.00 

Pre-oviposition 10.2 (7.5-14.1) -37.1 + 3.45x 29 (22-36) 5 
r =0.95 

1. As calculated by rearing larvae only on groundnut leaves at constant temperatures of 15, 20, 25. 30, and 35'C.2. d = i+bx where: o = rate of development day i (14), = = slope, and = = intercept. b x temperature (0C).
3. Figures in parentheses are 95(' confidence intervals. 



Groundnut 231
 

Table 17. Groundnut genotypes showing a range of nisagar, four selections significantly outyielded 
susceptibility to Corcyra cephalonica, laborn.tory the three cont:,ck, ICGS 13 xNC Ac 2232 giving 
tests, ICRISAT Center, 1985. the highest pod yield of 4420 kg ha-'. 

Mean number Selections Robut 33-1 xNC Ac 2232 and Guj-
Genotype surviving larvae' arat Dwarf Mutant xNC Ac 2232 recorded the 

highest mean pod yields across locations of 3260 
- .
TMV 22 42.5 kg ha ' All the other selections showed adapta-

TMV 21 42.5 tion to specific locations whereas the perfor-ICGS II 40.0 to oseii oain hra h efr 
ICGS 5 34.0 mance of these two selections was satisfactory 
ICGS 6 31.5 under both rainfed and irrigated conditions. 

ICGS 44 	 31.3 
ICGS 30 	 31.2 Yield trials of multiple pest.resistant lines. WeM 13 	 28.7 Yedtil fmlil eteitn ie.WICS 26 
CS2 	

22.0 tested for yield 270 advanced-generation, pest
19.8 resistant selections under natural pest infestation and high-input (60 kg P205 ha-' with irriga

888 18.5 tion) and low-input (20 kg PO. ha-' without 
Robut 33-1 4 16.7 irrigation), pesticide-free conditions at ICRI
.!1. 24 14.2 SAT Center in the 1985 rainy season. Some ofill1 	 13.0Rob t 133- 12.3 the results from one trial showed that selectionAh 6279 x NC Ac 2232 recorded the highest pod
SE ±2.96 yield of 2500 kg ha-I and significantly outyielded 
Mean 27.2 	 the three control cultivars under high-input con-
CV (%) 27 	 ditions. This selection has a virginia erect bunchhabit with excellent pod and seed characteristics. 

I. 120 eggs per replicate, replicates 6. 	 Eight other selections outyielded Robut 33-1 
2. Rainy-season crop 1984. 	 and .1L 24, and possess moderate levels of resis
3. Postrainy-season crop 1984/85. 
4.l'ostrainy-season crop 1983 84. tance to thrips and jassids. 

Under low-input conditions (Golden I x Faiz
pur 1-5) x NC Ac 2232 produced the highest pod 
yield of902 kg ha-' and outyiclded the best con
trol cultivar (NC Ac 343). It is a spanish bunch 

thrips, and three control cultivars, Robut 33-1, type and, therefore, matures earlier than the vir-
JL 24, and NC Ac 343, in field trials at Anan- ginia bunch selections. The poor yields under the 
tapur, Dharwad, Hisar, and 13havanisagar. The low-input conditions were probably due to the 
trials at Anantapur and I)harwad were rainfcd; late sowing date and prolonged periods of 
irrigation was applied when required at Hisar drought during the crop season. Despite the 
and Bhavanisagar. harsh environment, this and several other ,ele,-

The selections varied consider:ably in yield tions outyielded at least one of the control cul
performance across locations (Table 18). At tivars. They will be tested fordrought resistance. 
Dharwad, six selections significantly outyieldcd We also identified 94 other selections that pos-
Robut 33-1 and NC Ac 343. At Anantapur, no sess high levels of rcsistance to jassids, but did 
selection significantly outyielded the control cul- not have high yield pot -ntials under either high
tivars. At Hisar, no selection significantly out- or low-input conditions. In future, we shall 
yielded Robut 33-1 and NCAc 343, but 17 selec- intercross selections with high levels of resis
tions gave significantly higher yields than JL 24. tance with high-yielding, moderately-resistant 
Selection (Golden-I x Faizpur 1-5) x NC Ac 2232 lines to improve their level of resistance tojassids 
gave the highest yield of5760 kg ha-'. At lihava- and thrips. 
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-Table 18. Yield (kg ha ) of some high-yielding jassid- and thrips-resistant groundnut selections, multilocational 
trial, rainy season 1985. 

Yield (kg ha -1) 

Rainfed Irrigated' Mean 

Pedigree 
Ananta-

pur Dharwad Mean Hisar 
Bhavani-

sagar Mean 
of four 

locations 
Robut 33-1 - NC Ac 2232 1740 2610 2170 5470 3210 4340 3260 
[(Mani Pintar x Robut 33-1) x NC Ac 2214] 
ICGS 2 x NC Ac 2214 

1830 
1330 

2370 
2720 

2100 
2020 

4190 
4130 

3710 
3790 

3950 
3960 

3030 
2990 

ICGS 20 x NC Ac 2214 1210 2820 2020 5360 3460 4410 3210 
Makulu Red x NC Ac 2232 1940 2)00 1970 4780 3220 4000 2990 

ICGS I x NC Ac 2232 1290 1990 1640 5100 4390 4750 3190 
ICGS 12 NC Ac 2232 1250 1910 1580 5660 3740 4700 3140 
Chalimbana x NC Ac 2214 
(Gujarat Dwarf Mutant x NC Ac 2232) 

1160 
1690 

2370 
2070 

1770 
1880 

5320 
5270 

3960 
3990 

4640 
4630 

3200 
3260 

ICGS 12 x NC Ac 2214 1040 1970 1510 5120 4140 4630 3070 

Controls 
Robut 33-1 1180 1910 1550 5600 3480 4540 3040 
.11. 24 1120 2270 1700 3940 3220 3580 2640 
NC Ac 343 1010 1990 1500 5120 3280 4200 2850 

SE ±275 ±206 ±172 ±403 ±245 ±23 ±146 

Trial mean (56 entries) 1200 2170 1690 4890 3680 4290 2990 

CV (%) 39 16 - 14 II - -

I. Irrigation applied atsrequired to ensure ample supply of water. 

Generation advance and selection for resistance Plant Nutrition 
and other desirable traits. Recently identified 
gernplasm lines with resistance to the ground
nut leaf miner were crossed with high-yielding Nitrogen Nutrition 
selections with resistance to thrips; and jassids in 
order to to develop multiple pest-resistant lines. Nitrogen Use Efficiency 
We have also crossed groundnut leaf miner 
resistant genotypes with three drought-resistant! Responses of groundnut genotypes to fertilizer 
tolerant lines because wc have observed more nitrogen have been erratic, and to investigate the 
severe leaf miner attack in years of drought. The reasons for this we compared the responses of 
Fis generated from such crosses will be extcn- sorghum and groundnut crops to fertilizer nitro
sively used as pollinators for crossing with other gen application. Since reduction of nitrate to 
high-yielding breeding linec: having resistance to nitrite by the enzyme nitrate reductase (N R; EC 
other stress factors. We also crossed atnumber of 1.6.6.1, NADIH: nitrate oxidorcductase) is be
high-yielding, pest-resistant selections with three lieved to be the rate-limiting process forthe utili
high-yielding lines with resistance to foliar dis- zation of NO3, we compared nitrate reductase 
eases. These and about 900 other (F, - F,) selec- activity (NRA) and nitrate content in the leaves 
tions with pest resistance, are being evaluated, of sorghum and groundnut during the 1984/85 



postrainy season. We tested two sorghum geno-
types(CSH8RandM35-1),onenon-nodulating, 
and one nodulating groundnut genotype (see 
ICRISAT Annual Report 1981, pp. 187-189). At 
different growth stages, we sampled three plants 
and counted tie total leaves on each branch, 
divided them equally into leaves representing 
top, middle, and lower canopy positions, and 
estimated leaf NRA and leafnitrate content for 
each layer. Total NRA plant-1 and nitrate plant-I 
were estimated by adding these values. 

Sorghtm accumulated very little nitrate in the 
leaves (maximnun 350 mg plant-1, Fig. 5a), where
as groundnut accu mulated considerable nitrate 
in the leaves (up to 6000 jg plant I for the nodu
lating genotype and 200 Mg plant' in the non
nodulating genotype). Sorghum leaves had higher 
leaf NRA than groundnut (Fig. 5b). 

The high NRA activity at low ".nitrate content 
in so[rghu il leaves and low NRA at high nitrate 
content in the groundinut leaves implies that 

groundiut is a poor user of mineral nitrogen. 
This was observed at all stages of growth and 
shows that the lack of response to fertilizer nit-
rogen by this crop has a physiological basis. This•W 

phenomcnon could be due to either, higher 
nitrate concentration being required to induce 
nitrate rcduct asc (NR) in grounditt than in 
sorghlili, or nitrate reductase iil grounrid nut hav
ing a lower affinity for the substrate (higher kin, 
the Michaelis-Menten constant) compared to 
that of sorghl1mn. 

Siderophore Production by Rhizobinn 
Strain NC 92 

Earlier we reported that at Rhizobiun strain NC,-
43.3 fixed more nitrogen than strain NC 92 in" 
pot culture, and formed more or less the same 
percentage of nodules as that formed by the 
latter in i field containing adequate levels of 
native rhizobia. However, only inoculation with 
strain NC 92 increased the pod yield of' Robit 
33-1 (see ICRISAT Annual Report 1984, pp. 
220-221) . One possible explanation is that tile 
effect of strain NC 92, on groundnut yield may 
not be entirely due to its symbiotic nitrogen-
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fixing ability. While looking for other differen
ces between strains NC 43.3 and NC 92, we 
found that strain NC 92 secretes a siderophore, 
an iron-chelating compound, into the culture 
medium, whereas no siderophore was detected 
in the culture medium of NC 43.3. Under natural 
aerobic soil conditions most of the iron exists in 
insoluble ferric forms. The siderophore could 
help in chelating iron, thereby improving its 
availability to the plant. We are now investigat
ing whether this siderophore has any effect on 
the iron nutrition of the plant. 
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Figure 5. Changes in (a) nitrate content (pg plant-), 
(b) nitrate reductase activity (nmoles nitrite plant-I 
h- ) in sorghum and groundnut genotypes following 
application of fertilizer containing 200 kg N ha-i, 
ICRISAT Center, postrainy season 1984/85. 
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Table 19. Effect of manganese on plant growth and nitrogen fixation in groundnut genotypes at pH 4.0, in pot
culture, 60 DAS, greenhouse trial, IKRISAT Center, 1985. 

N2-ase activity
Shoot mass (g) (tamoles CH 4 plant-' h-') 

Manganese2 
Manganese 2 

Genotype Control' (15 Mg mL-1) Control' (15 pg mL - 1) 
JL 24 6.2 6.3 6.1 7.2
SI1 6.4 6.6 14.3 14.9

NC Ac 2821 8.6 8.1 15.0 13.8
Argentine 7.8 6.1 7.6 7.9Robut 33-1 7.8 7.0 16.3 10.6
 
Kadiri 71-1 
 7.5 6.9 20.0 15.5
 
Pi 259747 
 6.9 6.8 23.5 19.8
TMV 2 7.4 6.8 10.0 11.1
Mu 2 5.3 5.7 13.0 6.4Gangapuri 8.9 6.9 9.7 10.3
 

SE 
 ±0.48 ±2.27 
Mean 7.3 6.7 13.5 11.7
 
SE 
 ±0.15 ±0.72 

1. Control phints were grown with nutrient .,,)lution.
2. Nin (15 jug nl.- ) was supplied as manganese sulfate in the nutrient solution. 

Table 20. Effect of aluminium on plant growth and nitrogen fixation in groundnut genotypes at p- 4.0, in pot
culture, 60 DAS, greenhouse trial, ICRISAT Center, 1985. 

N,-ase activity
Shoot mass (g) (jumoles CH 4 plant-' h-) 

Aluminium 2 
Aluminium 2 

Genotype Control' (60 pug ml.-') Control' (60 pug mL-')
 
JI. 24 
 4.7 1.7 5.3 2.1
.111 3.3 2.1 4.5 2.9
NC Ac 2821 3.0 2.3 5.9 3.3
Argentine 4.0 2.0 4.6 2.5

Robut 33-1 
 2.8 2.2 5.3 2.5
 
Kadiri 71-I 
 4.8 2.5 15.2 3.0
PI 259747 3.5 2.3 8.2 2.1
TMV 2 4.1 2.0 9.0 2.2
MI-12 4.5 2.1 11.9 3.0
Gangapuri 4.7 3.3 7.5 3.3
 

SE 
 ±0.35 ±1.29
 
Mean 4.0 2.3 
 8.0 2.7
 
SE 
 ±0.10 ±0.37 

I. Control plants grown with nutrient solution. 
2. Al (60 mg ml.:') stpplied as potassium aluminium sulfate in the nutrient solution. 
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Toxic Effect of Aluminium and Manganese on 10- a Dry ma-t-er 40 
It  

2007 

Nitrogen Fixation and Plant Growth o N tt, 40,f
U 0 Nodule number 

o Nlirogenaze ctlvlty c
In mineral soils with low pH, acidity is often 3 1aOC 

" ,L 

associated with low concentrations of calcium o 6. 120 

and high concentrations of aluminium (Al) and -20 E 

manganese (Ni i). inpot experiments we investi
gated the effects of acidity and these toxic ele- 4.. 

ments on plant growth per se and on symbiotic 2 ................. I .,40 

nitrogen fixation by root nodules in a range of L a z 0 

genotypes. NIn (as manganese sulfate) and Al (as o 4o : 
potassium aluminium sulf;te) werc added to the Rlum in lur (ppm1 
nutrient solution (pH 4.0). which was changed Dry matter 
daily during the experiments. Acidity alone did *5.atter re 0.170y:5.96-0.034, rse 
not significantly influence plant growth. Some r = 0.96, P. (.05. 
genotypes developed toxic symptoms, such as 
cupping of younger leaves and ma rginal leaf Nodule number 
spots, at 15 Mg NI n i, I nutrient solution. A y: 161.2-1.4x,0.05." ~r:0.98, P) rse 4.94 
higher concentration of AI ( 20 ,g in I; 1)was 
required to produce obser\a ble plant responses. Nitrogenase activity 
which were limited to stunted plant growth. y = 32.4-0.99x + 0.01 x2, rse 5.79 
These data indicate that Rhi/obian strains and r 0.98, P 0.05. 
grouindnut gcnotypes that overcome Mni and Al Figure 6. Effect of aluminium on nilrogenase activity, 
toxicity merit investigation. NIt and Al toxic nodulation, and plant growth of groundnut genotype 
effects were greater oil nitrogen fixation than on ICC 5494 in pot culture, IC(RISAT ('enter, 1985. 
plant growth (Fig. 6.and Tables 19,and 20). We 
observed genotypic variation [or toxic syrup
tolls of these clellents. 

Mycorrhizae 

Ground nut forms symbiotic associations with "- . .. 
certain zygiycetouis fungi, knowvn as vesicular 
arbuscular mycorrhizac (VA M). The VA M fungi 
ire known to augnent plant phosphorus (P) 

uptake ability from soils deficient in this lc
rnent. ( rounildut roots usuall show extensive 
VAMO colonization. 

VAM, P Nutrition, and Growth 

We conducted a pot trial using an Alfisol with 
and without VA M at different levels of available 
P. Mycorrlizal-inoculated plants had higher 
shoot dry matter and total P at available P levels Root showing dark vesicles formed by the VAM fun
between 2.45 and 12.25 ppm (Fig.7). Generally. gus (Xi00). 

http:161.2-1.4x
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. 2 . SE + 0.326 + VAN from 10 different VAM cultures from Kodjari 
'4- ...................... rock phosphate. The VAM cultures differed sigpc 0- .. . . . . . . . . . . .
 

o-, .nificantly in their abilities to enhance P absorp
,VAM tion from Kodjari rock phosphatc, and to stimu' _
W-


, s. 
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Figure 7. Shoot dry nmtter (a)and phosphorus uptake(b) of groundnuts grown in an Alfisol at different 
levels of available phosphorus, with and withoutYAM inoculatiou, ICRIISATU Center, summer 1985. 

for both VAM-inoculated and noninoculated 
plants, there was a rapid increase in growth and 
P uptake in response to increased P availability 
in soil from 2.45 to 4 ppm. Between 4 and 12.25 
ppm, the noninoculated plants did not respond 
to P application, while inoculated plants re-
sponded with increased growth and P uptake. 
Clearly, groundnut derives appreciable benefits 
in terms of' P uptake from VAM inoculation. 

Effects of VAM Strains on P uptake and
Plant Growth 

VAM fungi are also known to augment P uptake 
from rock phosphates containing sparingly sol
uble phosphorus. We compared the efficiencies 
of P uptake and host-plant growth response 

late growth (Fig.8). Inoculation with Gigasporacalospora resulted inthe highest growth stimula

tion, while Glornus mosseacresulted in the high

est P uptake. 

Differences in VAM 
Colonization 
We sowed 10 genotypes each of'spanish, valen

cia, virginia bunch, and virginia runner types, at 
ICRISAT Center and Anantapur to see if VAMcolonization differed with genotype. The mean 
percentage VA M colonization for the genotypes 

-- ranged from 20 to 45% for spanish types, 17-3 F% 
for valencias, 22-50% for virginia bunch types,and 21-36% for runners (Table 21). Of the 40 

genotypes screened, ICG 2671 showed the high
est mean VAM colonization, 50(, and ICG 

10509 the lowest, 17%. Such differences in VAM 
colonization are attributable to the interaction 
of differences in root anatomy and physiology
with VA M fungi.

Groundnut genotypes differed signifiantly in 
u tg e iger e an t ake,P)uptake (P--O.05). The highest mean P uptake,of 31 ug plant-I was recorded for ICG 5139 and 

the lowest, 8 ing )plant-' for ICG 1908 (Table
22). Within each of the four types the 1 uptake 
differed significantly (P -0.05). 

It is therefore probable that VAM coloniza
tion and P)nutrition are components in genotype 
and site interactions, and selection of host geno
types with horizontal susceptibility to VAM 
could improve the adaptation of genotypes to 
varying nutritional environments. 

Plant Improvement 
Breeding for High Yield and Quality 

Generation Advance and Selection 

A large number of germplasm accessions with 
large pods and seeds were selected in 1985 for use 
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Figure 8. Response of groundnut cultivar 'NIN' 2 to I ..- ulations with various mycorrhizal fungi in an Alfisol 
-
amended with Kodjari rock phosphate (at the rate of 6 kg P ha' basal). ICRISAT Center, summer 1985. 

Treatments; 
I =Control 4 = Gigaipora margarita 
2 =Rock phosphate (RP) 5 = Glomus caledoniurn 
3 =Glomus mosseae 6 = Glomus nionosporum-i 

in breeding for high yield and quality. We 
crossed ICG(CG)S 49, a high-yielding confec-
tionery selection, with thin-shelled breeding lines 
to improve the shelling percentage. 

To study the genetics of quality characteristics 
we completed a full diallel cross involving eight 
diverse cultivars with various quality attributes, 

Some high-yielding confectionery groundnut 
selections were crossed with high-yielding, geno-
types with resistance to rust and late leaf spot to 
combine these desirable characteristics, 

We grew 442 segregating generations (F,-F,) 
under irrigation and made several selections, 

Multilocational Yield Trial 

In the 1985 rainy season, we evaluated 320 
advanced-generation breeding lines for yield and 
quality. One-l'i, dred-and-twenty lines were test-
ed in multilocational trials at five sites and 
selected data from one of these trials are shown 

7 Glomum clarum 10 =Acaulospora 
8 Glomus monosporum-2 1 =Glomus epigaum 
9 Glomusfasciculatum 12 = Gigaspora calospora 

in Table 23. The lines Dh 3-20 x Robut 33-1 and 
GAUG I x Robut 33-1 performed well under 
rainfed conditions but were outyielded by other 
lines in the irrigated trials. Lines Robut 33-1 x 
NC Ac 316 and TG 16 x J I I gave good yields in 
the irrigated trials, but did not perform well 
under rainfed conditions. 

In general, selections that did well under 
rainfed conditions did not always give compara
ble performance when grown under irrigation 
and vice versa. However, several selections be
havcd like kobut 33-1 x 865 (Table 23) and gave 
good yields under both rainfed and irrigated 
conditions. 

Yield Trials at ICRISAT Center 

In the 1985 rainy season at ICR ISAT Center, we 
evaluated for yield 200 new selections and some 
earlier identified selections. Yield data for 16 
selections from one trial are shown in Table 24. 
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Table 21. Colonization (%) of roots of groundnut genotypes by vesicular arbuscular mycorrhizae (VAM) 
ICRISAT Center, rainy season 1985. 

Mean VAM (%) Mean VAM (%) 
Genotype ICRISA' Anantapur Mean Genotype ICRISAT Anantapur Mean 

Spanish Valencia 
ICG 10505 60 30 45 ICG 10974 32 29 31 
CG 7827 60 29 44 ICG 7885 25 31 28 

ICG 1101 46 41 44 lCG 2738 16 36 26 
ICG 1164 39 45 42 ICG 4790 15 34 24 
ICG 10525 51 27 39 ICG 1629 21 25 23 
ICG 1521 41 29 35 ICG 1908 34 II 23 
ICG 1773 42 17 29 IC( 1707 28 16 22 
ICG 5305 39 17 28 lCG 1697 23 17 20 
ICG 221 36 16 26 ICG 10470 16 21 18 
ICG 1506 23 17 20 lCG 10509 19 15 17 
SE ±4.9 ±4.6 ±4.8 SE ±4.9 ±4.6 ±4.8 
Mean 44 27 Mean 23 24 
SE ±1.5 ±1.4 SE ±1.5 ±1.4 

Virginia Runner
 
ICG 2671 46 53 50 
 ICG 4344 17 54 36
 
ICG 3047 40 57 48 
 ICG 5139 35 38 36
 
ICG 3833 34 38 
 36 ICG 5363 29 41 35
 
ICG 3030 28 34 31 
 lCG 3948 30 39 35
 
IC(; 4507 29 32 30 ICG 5302 27 41 34
 
Robut 33-1 29 32 30 ICG 4159 39 26 33
 
ICG 3064 
 34 19 26 IC'G 156 37 30 33
 
ICG 4445 19 33 26 ICG 2607 17 36 27
 
ICG 4224 16 32 24 
 ICG 5622 19 23 21
 
ICG 2490 12 32 22 
 ICG 4149 20 21 21 
SE ±4.9 ±4.6 ±4.8 SE ±4.9 ±4.6 ±4.8 
Mean 29 36 Mean 27 35 
SE ±1.5 ±1.4 SE ±1.5 ±1.4 

All 16 selections significantly outyielded the Breeding for the Confectionery Market 
control cultivars Robut 33-1 and .1. 24 under 
high-input (60 kg "20 5 ha - 1, irrigated, and with At ICRISAT Center in the 1985 rainy season, we 
insecticide sprays) conditions. Some of the selec- evaluated, under high-input and low-input (20
tions are derivatives from interspccific (Arachis kg P,0 5 iai, - rainfed and without insecticide 
hypogaca , wild Arachis species) crosses that sprays) conditions, advanced generation, large
have been selected for their good yield and desir- seeded, breeding lines. Data from one trial on 14 
able pod and seed characteristics, selected lines are shown in Table 25. All 14 lines 



Groundnut 239 

significantly outyielded the bold-seeded control Nutritional and Food Quality 
cultivar M 13, and seven lines outyielded the 
control cultivar Robut 33-1, under high-input In addition to seed size and testa color, there are 
conditions. Under low-input conditions only other quality factors such as high oil content and 
three lines significantly outyielded both control oleic:linoleic ratio, high protein content, and 
cultivars. Selection HYQ(CG)S 57, an interspe- sugar content, that influence acceptability of 
cific hybrid derivative, performed well under confectionery groundnuts. We have already iden
both conditions. tified breeding lines with high oil and/or protein 

Table 22. Mean phosphorus (P) uptake (mg plant-') of groundnut genotypes, ICRISAT Center, rainy season 
1985. 

Mean P uptake Mean P uptake 

Genotype ICRISAT Anantapur Mean Genotype ICRISAT Ariantapur Mean 

Spanish Valencia 
ICG 10505 28 15 22 ICG 4770 33 18 25 
ICG 5305 25 16 21 ICG 7885 27 18 22 
ICG 1521 26 12 19 ICG 10509 29 13 21 
ICG 1101 19 17 18 ICG 1707 23 18 20 
ICG 221 22 14 18 ICG 10974 25 15 20 

IC( 1506 22 II 16 ICG 1697 23 15 19 
ICG 1773 21 9 15 ICG 10470 23 13 18 
ICG 7827 14 14 14 ICG 1629 21 13 17 
ICG 10525 16 12 14 ICG 2738 13 12 12 
ICG 1164 15 II 13 ICG 1908 10 5 8 

SE ±2.9 ±1.4 ±2.4 SE ±2.9 ±1.4 ±2.4 

Mean 21 13 Mean 23 14 

SE ±0.9 ±0.44 SE ±0.9 ±0.44 

Virginia Runner 
ICG 4224 43 15 29 ICG 5139 34 29 31 
ICG 2671 43 15 29 ICG 4159 42 17 30 
ICG 3047 37 17 27 ICG 156 35 20 27 
1CG 3833 36 17 27 ICG 4149 34 14 24 
ICG 4445 37 16 27 lCG 4344 32 16 24 

Robut 33-1 37 14 26 ICG 5363 30 16 23 
ICG 2490 27 21 24 ICG 3948 27 18 23 
ICG 3030 28 18 23 ICG 2607 24 21 22 
1CG 4507 32 13 23 ICG 5622 27 15 21 
ICG 3064 30 15 22 ICG 5302 20 16 18 

SE ±2.9 ±1.4 ±2.4 SE ±2.9 ±1.4 ±2.4 

Mean 35 16 Mean 30 18 

SE ±0.9 ±0.44 SE ±0.92 ±0.44 
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Table 23. Pod yield (kg ha-1) of some high-yielding groundnut selections, mulilocational trial, rainy season 1985. 
Rainfed pod yields (kg ha-1) Irrigated pod yields (kg ha-')' Mean 

across
 
Growth ICRISAT Ananta- ICRISAT llhavani- six 

Pedigree habit' ('enter l)harwad pur Mean ('enter sagar Ilisar Mean locations 
Dh 3-20 x Robut 33-1 SB 780 2790 1440 1670 2670 3720 3750 3380 2520
GAUG I x Robut 33-1 VB 790 2690 1460 1650 3840 3620 3030 3500 2570
[(USA 20 x TMV 10) x 

Robut 33-1-10-12)] SIl/VI1 1oot 2540 1400 1640 3440 3810 3930 3730 2690Robut 33-1 865 VI3 1080 2280 1550 1640 3480 3590 4780 3950 2790 
[Robut 33-1-21-11 ,

(Manfredi x M 13)] VI1 990 2460 16201400 3441) 4040 3450 3640 2630 
Robut 33-1 VIINC Ac 316 510 1930 1460 1300 3320 3740 5540 4200 2750iG 16 x .111 S11 670 1460 1170 1100 3370 3890 4860 4040 2570MGS 9 , Robut 33-1 V13 680 2160 1540 1460 38703370 4650 3960 2710ICGS 22 x ICGS 16 S11 480 2360 1570 1470 3240 4210 4300 3910 2690 
Controls
 

Robut 33-1 
 VI3 400 1500 1240 1050 2090) 2720 3050 2620 183011.24 SI 590 1530 1390 1170 2290 2410 3160 2620 1890 
SE ±72 ±205 ±105 ±80 ±225 ±279 ±401 ±179
 
Trial mean (81 entries) 
 640 2180 1290 1370 2960 3420 3670 3350 
CV () 19 16 14 13 14 19 

1.Supplementary irrigation provided to ensure ample supply of %rater. 
2. S1 = Spanish hunch. VB = Virginia hunch. 

contents and are using them in our quality breed- Breeding for Earliness 
ing program.
 

From the 
 1984 rainy-season trials at ICRI- In the 1985 rainy season, we used the'staggered-
SAT Center, we selected 300 high-yielding lines harvesting'approach (ICR ISAT Annual Report
and compared the oil and protein contents of 1984, pp. 226-229), to screen 129 breeding and
their seed with those ol the two Popular Indian germplasm lines for pod and sound mature ker
cultivars.1. 24 and Rlobut 33-I. .11 24 had an oil nel (SM K) yields, and other maturity-related
content of 4(),j and a protein content of 29qi, characteristics in five trials. We made 14 and 18 
and Robut 33-1 had 42,( oil content and 25.8(i extra-early and early lint, selections based on
protein content. Oil contents of the test lines SMK yield levels in 75- and 90-day harvests 
ranged from 38 to 50(' (mean 45.7"N ), while respectively. Eight lines were common, we also
protein contents f'rom to 2 7%ranged 16.2 screened 44 advanced generation breeding lines,
(mean 25.2%). selected for earliness and high yields in1984, at 

Wealsoevaluated high-yieldingconfectioncry seven sites in India in the 1985 rainy season.
breeding lines from the 1984 rainy-season ICRI- Data on pod yields of selected entries from six
SAT Center trials under high-input conditions locations are shown in Table 26. There were 
for oil and protein seed contents. Oil contents strong genotype xenvironment interactions. The
ranged from 39 to 45.5%, and protein contents 10 breeding lines shown, and I I other lines that
from 21.4 to 28.3%. Several lines were selected performed well at one or more locations will be 
for further testing in 1985. retested in the 1986 rainy season. 
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of some high-yielding flowers being produced from 65 to 70 DAS. 
groundnut selections under high input conditions', Late-maturing cultivars like NC Ac 343 had a 

ICRISAT Center, rainy season 1985. 	 flowering pattern (Fig. 9d) with flowers being 
produced continuously throughout the season. 

Pod yields 	 Some lines were also found with a flowering 
pattern intermediate between the two extreme 

Goldin I xG 201 	 3560 patterns. 
Manfredi xF334A-B-14 	 3290 
ICGS 31 x ICGS 44 	 3230 
[(Florigiant x Chico)F 2B, x ICGS 11] 3050 Using Wild ArachisSpecies 
A. hypogaea xA.chacoense 3040 

A. hypogaea x A. chacoense 3030 Using New Accessions 
A. hypogaea x A. cardenasii 2970 
[Robut 33-1-21-11 x (Manfredi xM 13)] 2970 We crossed four new diploid accessions, Arachis 
TMV 10 x Robut 33-1 	 2940 
 sp 30080, A. sp 30081, A. sp 30085, and A. spAh 2105 xChico 	 2860 35001 with resistance to rust and/or late leaf 

ICGS 5 x C 166 2860 spot with cultivars belonging to two subspecies 
F334A-B-14 x ICGS 20 2820 of A. hypogaca (Table 27). We established a 
Robut 33-1 x Ah 7299 2790 large number of triploid hybrids and we will
(Ma Re3x u 331) C 2790 record their disease reaction against rust and lateICGS 44x, L.No.95 A 	 2620 leaf spot; any progeny from these hybrids will bescreened for disease resistance and analyzed 
Controls cytologically. 
Robut 33-12 2100 The new accessions have also been crossed
JL 243 	 1910 with A. batizocoi,A. cardenasii,A. chacoense, 

SE ±170 and Arachis sp HLK 410, which are resistant to 

Trial mean (64 entries) 2320 rust and leaf spot, as well as among themselves as 
the first step in the production ofamphidiploids.
All the crosses produced some seed, and 33 seeds 

I. 	 High input= 60 kg P205 ha-', with irrigation and insecti- have been harvested. Seedlings of these species 
cide sprays. were also treated with colchicine to produce 

2. 	Virginia bunch cultivar. autotetraploids. 
3. 	Spanish bunch cultivar. 

Production of Cytologically Stable 
Interspecific Derivatives 

Flowering Patterns in Relation to Earliness Backcrossing to A. hypogaeaoradvancement by 
selfing of derivatives from 29 different combina-

We studied flowering patterns and other matu- tions resulted in the production of an additional 
rity-related characteristics in 16 groundnut geno- 79 stable A. hypogaea-liketetraploid derivatives 
types representing a range of crop durations. We (Table 28). Twenty-five of them were bred from 
identified three distinct patterns of flowering, 12 different combinations of three wild species 
one mainly associated with early-maturing with different cultivars of A. hypogaeafollowing 
groundnut cultivars. In this pattern, represented the hexaploid route, while 54 were bred from 17 
by Chico, ICGS(E) 56, and Gangapuri (Fig. 9a, different combinations of seven wild species by 
b, and c), flower production increased rapidly up the amphidiploid route. Several of them were 
to 44 to 47 DAS, then decreased with very few screened in the 1985 rainy season against rust 
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Table 25. Performance of some high-yielding confectionery groundnut selections under high- and low-input
conditions, ICRISAT Center, rainy season 1985. 

Identity Pedigree 
HYQ (CG) S 55 Robut 33-1 x NC Ac 2821 
HYQ (CG) S 57 A. hypogaea x (A. villosa x Arachis sp HLK 410)
HYQ (CG) S 50 Robut 33-1 x NC Ac 2821 
HYQ (CG) S 38 Shulamith x Chico 
HYQ (CG) S 49 Ah 114 x NC Ac 1107 

HYQ (CG) S 13 (Robut 33-1 x NC Ac 2821) x NC 3033 

HYQ (CG) S 6 Robut 33-1-21 x (Manfredi x M 13)

HYQ (CG) S 23 TG 17 x NC Ac 2785 

HYQ (CG) S 15 Manfredi x M 13 

HYQ (CG) S 59 T 64 x NC Ac 1107 

HYQ (CG) S 39 NC Ac 311 x Ah 8254 

HYQ (CG) S 10 Robut 33-1-21-11 x(Manfredi x M 13)

HYQ (CG) S 47 Kadiri 71-1 x Chico 

HYQ (CG) S 16 Robut 33-1 x F334A-B-14 


Controls 
Robut 33-1 

M 13 


SE 


Trial mean (64 entries) 

CV (%) 

I. SB = Spanish bunch, VB = Virginia bunch, VR = Virginia runner. 
2. 111 = Iligh input (60 kg haj

1'2O5 . with irrigation and insecticide sprays).
3. 1.1 "205 = Low input (20 kg ha-', rainfed without insecticide sprays). 

and late leaf spot and advanced to subsequent 
generations for further screening. 

Selection for Resistance to Rust and Late Leaf 
Spot among Segregating and Uniform 
Interspecific Populations 

From segregating populations of interspecific 
derivatives, we selected another 105 lines or sin-
gle plants resistant to late leaf spot, 50 resistant 
to rust, and 100 with low field incidence of BND. 

Seventy-eight near uniform lines, derived from 
six species of Section Aracl'" through different 
cytogenetic manipulations, w .e sown at ICRi-
SAT Center in a 9 x 9 triple lattice. Sixty-two of 

thesc were also sown 

Growth Pod yield (kg ha-1) 
3halbit' HI L1

SB 3430 620 
SB 3320 940 
SB 2990 760 
SB 2950 660 
VB 2940 920 

SB 2840 760 
SB 2790 750 
SB 2730 760 
SB 2650 760 
SB 2580 670 

SB 2520 780 
VB 2420 770 
VB 2390 910 
SB 2390 710 

VB 2150 640 
VR 1700 660
 

±198 ±79 

2340 750 

14 18 

in a 8 x 8 triple lattice at 
Bhavanisagar. Botanical and agronomic charac
teristics were recorded at ICR ISAT Center, and 
28 different lines were selected, after rejecting
duplicates and lines with undesirable attributes. 
At Bhavanisagar, we made a further 23 late leaf 
spot-resistant selections. These selections repre
sent the wide genetic variability in botanical and
agronomic features that has arisen from our wild 
species crosses. 

Agronomic Characterization of Advanced Lines 

The three species A. cardcnasii,A. batizocoi, 
and Arachis sp GKP 10038, have produced 59 



Groundnut 243 

Table 26. Pod yields (kg ha-1)of selected early-maturing groundnut breeding lines at six Indian locations, rainy 
season, 1985. 

Pod yields (kg ha-') 

ICRISAT Center Bhavan-

L 2HI' LI 2 Anantapur sagar Dharwad 
Identity Pedigree (90)1 (131) (115) (113) (90) (95) Mean 

ICGS (E) 52 Shantungku No. 203 x R 33-1 2920 950 1170 1240 1940 2520 1790 
ICGS (E) 119 (2-5 x NC Ac 741) x Pi 337409 2940 690 810 1150 2020 2810 1740 
ICGS (E) 129 MI-I 2 x Shantungku No. 203 3850 850 1060 950 1400 2050 1690 
ICGS (E) 188 Selection from ICG 3754 3270 760 1060 1140 1770 2150 1690 
ICGS (E) 123 (2-5 x NC Ac 741) xPI 337409 3040 620 850 1020 1620 2890 1670 

ICGS (E)22 Ali 65 x Chico 2710 700 940 1220 1970 2480 1670 
ICGS (E) 170 Selection from ICG 1369 2450 610 1000 1210 1820 2920 1670 
ICGS (E) 80 Dh 3-20 x Chico 2700 830 1160 1190 19 0 2070 1660 
ICGS (E) 56 ICGS 44 x TG 2E 3460 870 1040 1050 1710 1770 1650 
ICGS (E) 147 Selection from ICG 147 3010 600 1050 1100 2090 2060 1650 

Controls 
Robut 33-1 2690 880 1130 1170 2060 2000 1660 
JL 24 2820 730 980 1180 1770 2300 1630
 
Chico 2030 360 220 760 1220 470 840
 

SE 
 ±223 ±55 ±62 ±107 ±173 ±243
 

Trial mean (49 entries) 	 2740 700 900 1150 1670 2040
 

CV (%) 	 14 14 12 16 18 21 

I. 	 1I1 High input (60 kg PO ha-, with irrigation and insecticide sprays). 
2. I - Low input (20 kg PO ha-, rainfed without insecticide sprays). 
3. 	Figures in parentheses are number of days from sowing to harvest. 

Table 27. Crossability of new diploid accessions with cultivars of two subspecies of A. hypogaea, ICRISAT 
Center, postrainy season 1984 to rainy season 1985. 

0Parent A. sp 30080 A. sp 30081 A. sp 30085 A.sp 35001 

c a b c a b c a b c'Parent 	 a b 

A. h' pogaea ssp hj'pogaea 
Robut 33-1 45 17 38 42 23 55 54 23 43 
Shulamith 68 2416 	 77 6 8 97 20 21 

A. 	 hypogaea ssp fastigiata 
J Il 41 4 10 29 6 21 19 I 5 58 15 26 
ICGS II 61 4 7 11 3 27 50 4 8 74 1 I
 
ICGS 26 28 4 14 47 2 4
 
JL 24 
 8 3 38 13 6 46 

I. 	 a = Number of pollinations. 
b =Number of pods. 
c - Percentage pods per pollination. 
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Figure 9. Flowering patterns in four groundnut cultivars, ICRISAT Center, rainy season 1985. 

advanced, uniform lines. These were classified 
into three groups, based on the 1984 rainy-
season trials, 

The first group of 33 lines, selected for high 
yield and resistance to rust and/or late leaf spot, 
were sown with three controls in a 6x6 triple 
lattice. From these we selected 10 lines that differ 
from each other in agronomic and botanical 
characteristics (Table 29). Nine of these involved 
A. cardenasii,a species resistant to both rust and 
late leaf spot, and one involved A. batizocoiand 
Arachis sp GKP 10038, both resistant to rust. 

The second group, consisting of I I advanced 
lines with high pod yield and moderate levels of 
rust resistance was sown with national and local 
controls and a high-yielding breeding selection 
in a randomized-block design (RBD). Two agro
nomically different selections were made (Table 
29), with moderate rust disease resistance and 
yields significantly higher than all the controls. 

The third group consisted of 15 populations 
that were still segregating. From these, three 
lines with high pod yield, good rust resistance, 
and moderate levels of late leaf spot resistance 
were selected (Tabie 29). 

Most of these lines also produced good haulm 
yields, that can be made into valuable hay for 
feeding livestock. Haulm yields from the 1984 
rainy season are shown in Table 29. 

Detailed information on characterization of all 
these derivatives is now available to cooperators. 

Introduction of Interspecific Derivatives in 
AICORPO Trials and their Distribution 
among Cooperators 

Four advanced lines from A. cardenasiiinters
pecific derivatives were entered in an AICORPO 
multilocational yield trial. ICG(C) 5 and ICG(C) 
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Table 28. Number of progenies producing cytologi- cies accessions continued; slides were prepared 
cally stable tetraploid plants and number of plants and photographed from the root tips of several 
produced from various combinations of Arachis new accessions. Meiosis was studied in F, hybrids 
hypogaea x'wild species crosses by two routes, ICR I- from crosses between A. hypogaca and new 
SAT Center, 1984-85. diploid accessions, and from crosses between 

Route new diploid accessions and A and B genome 

species (Table 30). The crosses with A. hvpog;wa
Arnphiidiploidmphidiploid__ confirmed that these new accessions have one 

in2Species Hexaploid 1.1 	 genome, either A or 1, in common with A. 

A. villosa 3 (5) I (I) 	 hpogTaca, and the chromosome associations 
A. correnina 9 (27) 	 and pollen frtility in the diploid hybrids suggest 

A. chacoense 4 (7P 2 (10) 	 that A. sp 30081 is probably another representa-
A. 	 cardenasii I (I) tive of the B genoine, whereas the other acces-
A. sp HLK 410 7 (17) I (5) 4 (17) 	 sions probably contain the A genome. 
A. duranensis 	 3 (5) The chromosome-banding technique for con-
A. sp GKP 10038 4 (17) 	 stitutive hctcerochromatin (C) and quinacrine 
A. hai:ocoi 7 (21) 	 flourescent (QI') bands has been standardized 

Total 12 (25) 17 (54) for . rachischromosomes (Fig. 10). Currently itis 	hcn sdt hrccr/ n eoc 
I. 	Wild species used as female in production ofeing use to characteri/e A and 13genes 

amphid iploid. observed aimong the ,ld diploid accessions of 
2. Wild species used as male in production ofauphidiploid. 	 Section A rachi'S. N ost oft hc bands are confined 
3. 	Figures in parentheses are numbers of stable plants. to lie area around the ccntroinere. and coalesce 

into one hand at the perfect metaphase stage, 
when the chromosomes aie at their laximun 
contraction. 11hi.' technique in1aV therefore only 
be useful to identify and characterize genomes, 

6, that incorporate both rust and late leaf spot and would be of very little use in the develop
resistance, were entered in tile Foliar l)isease nient of cytological markers for individual 
Resistant Varietal Trials (Fi)IRVI), whereas chromosomes. 
another two, ICG(C) 8 and I(_G(C) 12, with 
moderate levels of resistance to the two foliar 
diseases and high yield capacities were entered in 
the Initial Evaluation Trial (I!-l) for virginia 
group 	genotypes. . 

Seed samples of wild species, segregating ,# 
populations, and advanced lines have been sap- . 
plied on request to six different centers inIndia,.
 

and to 15 centers in eight different countries U 

outside India. 

Cytogenetic Analysis 

b 10_Analysis of the genomic constitution of new 

accessions provides information of value in Mitotic chromosomes of the same cell of Arachis 
planning routes for incorporation of desirable duranensis (a) stained with quinacrine for QF bands 
genes from wild species. Karyomorphological and (b) subsequently with Giemsa for C bands. (Bar 
studies of the somatic complements of wild spe- lenglh represelits 10 pm). 
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Table 29. Agronomic and botanical features of advanced interspecific derivatives resistant to rust and late leaf 
spot in three different field trials, ICRISAT Center, rainy season 1985. 

Seed 
Disease scores' Pod characteristics2 characteristics

Yield (kg ha ) Leaf Constric- Retic- lcG-seed Shelling 
Identity Pod Haulm Rust 

-

spot Size tion Beak ulation Color mass (g) % 

Resistant lines 
CS 14 
CS 9 
856 
CS 24 
CS 391 

3600 
3510 
3240 
3230 
3200 

7200 
8230 
5460 
5590 
6760 

2 
3 
2 
2 
6 

7 
4 
5 
8 
3 

M 
M-B 
M-B 
M 
M 

SI 
SI 
SI 
SI 
SI-Mo 

Si 
Mo 
Mo 
SI 
SI 

SI 
Mo 
SI 
SI 
SI 

Red 
Red 
Red 
Tan 
Red 

28 
32 
33 
33 
27 

64 
62 
64 
76 
64 

838 
CS 26 
2245 

3180 
3110 
3080 

7110 
8600 
7410 

2 
2 
2 

4 
4 
4 

M-B 
M 
M-13 

SI 
SI 
SI 

Mo 
P 
M 

Mo 
Mo 
M o 

Red 
Red 
Red 

/to 
35 
33 

60 
66 
65 

799 
CS 19, 

2340 
2290 

7190 
4840 

2 
2 

3 
8 

S-M 
S 

SI 
SI-D 

P 
Mo 

Mo 
Mo 

Red 
Red 

29 
30 

65 
72 

Control 
Robut 33-1 1700 9 9 M N A Sm Tan 36 70 
SE ±186 ±0.02 ±0.4 ±0.8 

CV(%) 12 14 13 

High-yielding lines 
CS 52 3260 6320 3 5 M-B SI Mo Mo Tan 40 60 
CS 16 2920 7220 4 4 M-B SI Mo SI Red 44 68 

Control
 
Robut 33-1 2170 9 9 S-M SI A Sm Tan 36 70 
SE ±336.8 ±1156.7 ±0.7 ±0.9 ±t.1
 

CV(%) 12 21 15 15 

Segregating lines 
2256 3270 2 6 M-B SI SI SI Red 
 47 61 
CS 22 3150 86803 2 4 M-B SI Mo Mo Red 43 65
840636 3070 2 5 S-M SI-Mo Mo SI Red 
 42 61
 

Control 
Robut 33-1 1900 9 9 S-M SI A Sm Tan 36 70 
SE ±333.7 ±0.4 ±0.7 ±1.1 
CV(%) II 13 14 

1. Field disease scored on a 1-9 scale, where I= no disease and 9 =50-100% foliage destroyed.
2. M = medium, M-B =medium to bold, N =normal, S-M =small to medium, S=small, SI =slight, SI-Mo slight to moderate,

SI-D = slight to deep, Mo = moderate. P z prominent, A =absent, Sm= smooth. 
3. Itaulm yield from 1984 field trials (ICR ISAT Annual Report 1984, p.233).
4. Line with low incidence of pod rot. 
5. Line resistant to [IN 1) and jassids. 
6. A. batizocoi x A. sp GKP 10038 derivative. 



Groundnut 247
 

Table 30. Chromosome association and pollen fertility in F, hybrids from crosses between section Arachis 
species, ICRISAT Center, 1985. 

Chromosome association' 
Pollen 

Cells Average number cell-' Chiasmata Chiasmata fertility 
Cross analyzed I if Ill IV cell-' terminalized (%) 

Arachissp (2x) xArachis sp (2x) 
A. 	sp 30081 xA. cardenasii 11 5.6 7.1 0.1 12.6 12.5 2 

±0.68 ±0.39 ±0.09 ±0.73 ±0.74 
A. 	sp 35001 x A. cardenasii 7 0.3 9.9 20.3 19.4 74 

±0.29 ±0.14 ±0.57 ±0.30 
A. 	 sp 35001 x A. batizocoi 19 6.2 6.8 0.1 12.7 12.6
 

±0.57 ±0.32 ±0.05 ±0.55 ±0.55
 

A. hypogaea ssp hypogaea 
Shulamith x A. sp 35001 25 10.1 9.2 0.4 0.1 20.0 18.6 15 

±0.41 .0.27 ±0.12 ±0.04 ±0.44 ±0.52 

A. 	 hypogaea ssp fastigiata 
J I I x A. sp 35001 10 7.8 9.3 1.2 21.3 21.2 18 

±0.53 ±0.52 ±0.29 ±0.58 ±0.59 
ICGS 	II x A. sp 30085 16 7.7 9.4 1.2 21.2 19.4 6
 

±0.49 ±0.29 ±0.19 ±0.44 ±0.70
 

I. 1= univalent, Ii = bivalent, III trivalent, IV z quadrivalent. 

Barriers to Hybridization 	 from the cross A. hypogaca x Arachis sp P1 
276233 were subjected to disc electrophoresis on 

Gibberellic acid (87.5 mg L- 1)was earlier found 7%polyacrylamide gels. The gels were incubated 
to produce pegs in arange of interspecific crosses 
(ICRISAT Annual Report 1982, p.222; 1983, 
p.215) but we did not obtain pods in all the C,,lilva, HytrId Wild species 
crosses we attempted. We applied higher con
centrations ofgibberellic acid to M K 374 flowers 0.2 / 
pollinated with A. pusilla to examine its effect on 0.3
peg and pod production. We obtained more pegs 0.42.4-

(Table 31) than with application of gibberellic 	 00.47 ,2O.S. 

acid at 87.5 mg L-1, but, only two puds were 0 
formed from pollinated flowers. Previous con- 0.8 0.61 

trols when 87.5 mg L-1gibberellic acid was ap- 0.7- 0.20.6 0.720.72 .73 0.67 I 
plied to nonpollinated flowers had not produced .. 0..8oI0 

any pegs. However, higher levels of gibberellic o.8 - 0.86 0. 4 

acid stimulated peg production from emascu- 0 .94- 0.92 0.94 
lated, nonpollinated flowers of MK 374 (Table 1.0

31). Pegs obtained from the latter elongated Esterase profiles 
normally and some entered the soil but eventu- Fipre 10. Esterase profiles of calli fromA. hypogaea 
ally all the pegs died and no pods were formed. cultivar MK 374 (left), a wild rhizomatous species P1 

Salt-soluble proteins from 26 different calli 276233 (right), and their hybrid (culture number8587, 
originating from cultures of hybrid proembryos center). 
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Table 31. Effect of gibberellic acid (GA) on peg and pod production in groundnut cultivar MK 374 pollinated
with Arachis pusilla, and on emasculated flowers of MK 374, ICRISAT Center, 1985. 

Pollinated Nonpollinated 
GA concentration Polli- Emasculated Pegs
(mg L-1) nations Pegs Pods flowers Pegs in soil Pods 

87.5 122 68 (56)' 0 
117 80 58 (73) I 22 18 (82)2 9 0 
175 95 74 (78) 0 16 15 (94) 10 0 
224 84 75 (89) 0 16 14 (88) 14 0 
350 56 46 (82) 1 

I. Figures in parentheses are numbers of pegs per 100 pollinations. 
2. Figures in parentheses are numbers of pegs per 100 emasculated flowers. 

in a mixture containing 20 mg alpha-naphthyl 
acetate in 50 mL of 0.2 M phosphate buffer with 
38 mg Fast Blue RR Salt to reveal est, rase 
bands. The resulting esterase profiles were com-
pared to those from calli of A. hypogaea. Pro-
files from six cultures were similar to A. hypo-
ga a; these cultures may have arisen from acci-
dental selfing, the embryos may have developed 
parthenogenetically, there may have been elimi-
nation of wild species chromosomes in culture, 
or the calli may have developed from maternal 
tissue in the cultured ovule. That 20 cultures 
showed an esterase profile different from that of 
A. hypogaea is important since this method can 
be used to identify the hybridity of the cultured 
material as soon as callus becomes available. 

Regional Program for 
Southern Africa 
The ICRISAT Regional Groundnut Improve
ment Program for Southern Africa is based at 
the Chitedze Agricultural Research Station, 
Lilongwe, Malawi. The program a:ims to develop 
high-yielding breeding lines and populations 
with resistance to factors limiting production by 
small-scale farmers in southern Africa. Breeding 
for resistance to the two major diseases of the 
region-early leaf spot and groundnut rosette 
virus-receives top priority. 

Growing conditions. We sampled groundnut 
field soils in July 1984, their pH was 5.1-5.5 and 
available phosphorus was low. We applied P20 5 
at 40 kg ha-' and gypsum at 400 kg ha- 1.Pre
emergence application of alachlor at 4 L ha-I 
resulted insatisfactory weed control for about 30 
days. The hybridization block and F, plants 
were treated with fungicides and insecticides to 
control leaf spots and aphids. All trials were 
sown on 60-cm ridges with either 10 or 15 cm 
spacing according to the genotypes' branching 
habit. 

Germplasm Accessions 

We received 21 wild Arachis species from ICRI-
SAT Center and 15 rosette-resistant cultivars 
from Burkina Faso and Senegal to enrich our 
germplasm base for the disease resistance breed
ing program. We also obtained seven drought
tolerant lines from ICRISAT Center. 

Evaluation. We evaluated and described 45 
germplasm lines from Mozambique under Chi
tedze conditions. In the alternate-branching 
group, the control, ICRISAT selection ICGMS 
42 significantly outyielded all germplasm lines in 
the trial. Germplasm line Ali 117 had a lower 
mean early leaf spot score compared to other 
lines 90 days afteremergence(DAE). We retained 
16 lines for further evaluation. 
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Yield trials. We evaluated 101 germplasm rate improved to 45% with a maximum of 73% in 
lines in three replicated yield trials using local some crosses. 
cultivars as controls. Twenty-one ICGM lines 
yielded significantly more than the highest
yielding controls (Table 32). We retained 51 Fungal Diseases 
ICGM lines for final evaluation in the 1985/86 Early Leaf Spot (Cercospora arachidicola) 
season. Outstanding lines from these trials will 
be included in the cooperative regional yield Early leaf spot assumes epidemic proportions 
trials for Southern Africa. every season at Chittdze. We measured leaf re

tention as a possible component of tolerance by
Hybridization. In the field hybridization pro- counting leaflets lost, and Icaflets retained. We 
gram, we lade 62 crosses anong indigenous examined the data in relation to yield for this 
cultivars (Chalimbana, Chitenbana, Egret, and year's replicated field trials. 
Mani Pintar), ICR ISAT selections (IC( MS 2, In all trials with sequentially branched lines, 
9, 33, and 45), and germplasn lines (ICG NI 93, the highest-yielding line retained nore leaflets 
281, 284, 285. 286, 336, 484, 526, 617, 623, 627. than did the control cultivars, but so did a small 
and 652). A further 87 crosses werc made for number of poorer-yielding lines (Table 33). 
various inheritance studies. Our average success Analysis of data from one trial indicated highly 
rate improved to 15(.( and the max imunl success significant differences in leaf retention between 
in the field hybridization was 36* in some cult ivars but there was no correlation between 
crosses. We repeated 75 crosses for genetic stud- leaf retention and yield (Table 33). Highest
ies in tile greenhouse, where our average success yielding lines not only retained nmorc leaves bit 

Table 32. Performance of some ICIGM lines in an elite germplasm trial, Chitedze, Malawi, rainy season 1984/85. 

Time to Pod yield Shelling 100-seed Seed Mean early leaf 
-Identity Group Origin mat uritv (d) (kg la ) ci mass (g) color spot score' 

ICGM 286 Valencia Brazil 123 3330 (3)2 75 37.3 Red 7.0
 
ICGM 285 Valencia Brazil 124 3200 (1) 69 35.3 Red 7.0
 
ICGM 284 Valencia Brazil 119 3190 (5) 75 35.3 Red 7.5
 
ICGM 197 Valencia Bolivia 124 3030 74 35.5 Red
(7) 7.0
 
ICGM 281 Valencia Bolivia 123 2970 (4) 73 38.2 Red 7.0
 
ICGM 189 Valencia Brazil 119 2770 75 40.7 Red(8) 7.0
 
ICGM 292 Valencia Brazil 124 2650 (9) 75 29.5 Red 7.0
 
ICGM 177 Valencia Brazil 124 2620 (6) 73 38.8 Red 7.5
 
ICGM 282 Valencia Bolivia 123 2520 (I1) 74 33.0 Red 7.5
 
ICGM 48 Valencia Brazil 120 2480 (19) 74 38.2 Red 9.0
 

Local controls 
Spancross Spanish Ex. USA 108 1550 71 23.9 Tan 9.0 
Malimba Spanish Malawi 108 1500 73 25.4 Tan 9.0 

SE ±141
 

Trial mean (36 entries) 2310
 

Cv (%) 12 
I. Field disease scored on a 1-9 scale, where I = no disease and 9 =50-100% foliage destroyed. 
2. Figures in parentheses indicate yield performance ranking in the 1983/84 yield trial. 
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Table 33. Leaf retention (%)at 70 and 88 DAE in relation to pod yield (kg ha-') in certain sequential-branching
groundnut selections and varieties, Chitedze, Malawi, 1984/85. 

Trial Entry 

Leaf retention (%) 
70 DAE 88 DAE Rank 88 DAE 

Pod yield 

kg ha-' Rank 
Regional Yield Trial 

(36 entries) 
ICGMS 30 
ICGMS 29 

54 
62 

43** 
40** 

1 
2 

2350 
1730 

1 
14 

Controls 
Spancross 
Malimba 

43 
46 

29 
26 

9 
12 

1960 
1660 

7 
19 

SE ±2.3 

CV (%) 14.6 

Elite Germplasm Trial 
(36 entries) 

ICGM 285 
ICGM 281 
ICGM 189 
1CGM 286 

63 
59 
57 
56 

45** 
45** 
43** 
42** 

1 
I 
2 
3 

3300 
3050 
2780 
3370 

2 
5 
6 
1 

Controls 
Sellie 
Spancross 
Malimba 

46 
35 
46 

26 
28 
28 

15 
14 
14 

1600 
1530 
1460 

23 
25 
26 

SE ±3.0 

CV (%) 17.8 

Advanced Germplasm Trial 
(25 entries) 

ICGM 550 
ICGM 473 

43 
46 

37 
39 

2 
1 

2310 
1430 

1 
10 

Controls 
Spancross 
JL 24 
Sellie 
Malimba 

45 
42 
43 
46 

24 
29 
27 
21 

11 
6 
8 
14 

1320 
1270 
1100 
1050 

15 
17 
20 
20 

Preliminary Germplasm Trial 
(25 entries) 

ICGM 525 
Controls 

51 47 I 2610 

Sellie 
Spancross 
JL 24 
Malinba 

45 
49 
47 
45 

27 
26 
28 
23 

10 
I1 
9 

14 

1710 
1540 
1510 
1410 

8 
14 
17 
22 

lost proportionately fewer as the season advanced. 
In these preliminary studies, we have thus identi-
fied, under severe disease pressure at Chitedze, a 
number of sequentially branched lines whose 
high yield seems to be associated with acompar-

atively higher degree of leaf retention. These are 
ICGMS 30, and 39, ICGM 189, 197, 281, 284, 
285, 286, 292, 300, 473, 500, and 525, and OG 
69-6-1 x NC Ac 17090. 

Leaf retention in alternately branched lines 
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appeared more uniform and no marked differ- Virus Diseases 
ences were apparent between higher-yielding 
ICRISAT lines and controls. Groundnut Rosette Virus (GRV) Disease 

Breeding for resistance. Germplasin lines and Analysis of seasonal occurrence. Incidence and 
breeding populations were scrcclied under high patterns of spread of (RV in 1984/85 were 
natural disease pressure for resistance to early remarkably similar to those in 1983/84, but the 
leaf spot. Of the 765 gerruplasm lines screened in disease appeared a month earlier, reflecting the 
the 1984/85 crop season, none showed any earlier onset of the 1984/185 rains. T'he experi
appreciable level of resistance. mental crop emerged between 28 and 31 l)ecem-

We received from ICRISAI Center 105 -F. ber in 1983 and hetweeii 26 and 29 November in 
Arachis hypogaeapopulations resistant to foliar 19'4; (R V was recorded on 18 .1hMaIary 1984 
diseases and 108 interspecific derivatives involv- and on 20 I)ecember in 1985: a sinilar period of 
ing A. h)vpoLaea and A. chacoense, .1. cLardna- about 21 days elapsed between these two events 
sii, and Arachis sp HILK 410. All A.I.ipoiava In each year. [he number of primary infections 
populations were heavily defoliated by early leat was the same (12) and overall incidence in tile 
spot before harvest. For tlie interspecific derivi- ICR ISAT fields w-., again very low (. I(:). 
tives, early leaf spot disease scores, measured on We thus c(nfirined our tentative conclusions, 
a 1-9 scale (where I--no disease, aind 9-:50-100' drawn from 1984 data, that primary infections 
of foliage destroved). ranged from 6 to 8 at 90 tend to occur soon alter eiergence, anid that 
DAE, but ill had a score of 9 prior to harvest. these :Ilole give rise, by rad ial spread, to patches 

We made 10 single-plant and 45 bulk selec- of (iRV in which incidence IS 1iii and in which 
tions. Two of the interspecific selections, 337 2 dis-,ise gradients from the sourc point are steep. 
and 127,, 2, were selected for entry iii replicated 
trials. The selection froii populition 337 2rated Vector ecology. We coitititicd trapping Aphis 
well for pod yield. cracc'ilora with Mocrickc water traps and trap 

From the old 278 F,-IF, foliar diseases resist- plants. There were two periods of i:i.t-nse aphid
ant A. h'vpogaeapopilat ions wve niade 35 single- flight activity, during the growing season in Jan
plant and 156 bulk selections. All the F, popula- uary and February and. after , population crash 
tions performed poorly. They were advanced to in March and April, again ini May and June. 
the next generation through single pod per plant Although populations were gr'catly reduced by 
bulks. July, A.A.cracci'vora was caught in low nnibcrs 

throughout the dry season. In early August, we 
Yield trials. We evaluated 59 populations with established eight bait plots of groundnut in the 
local controls in two replicated yield trials. Farly Central Regiori and eight ill sout heNri Malawi 
leaf spot scores for these lines ranged froin 6 to 9 and studied iiii igration into these during the 
on the 9-point scale. We have retained 17 pope- dry season nionths of Septeiber, October, and 
lations for further evaluation. November. A. craccivora was recorded in four 

out of seven plots in the south aiid all eight plots 
Phoma-resistant selections. We grew 21 selec- in tile Central Region. R V was iot recorded ill 
tions from populations resistant to Ihotna ara- the south. but iii the Iilongwe Plain four plants 
chidicola under heavy natural early leaf spot were infected at one site. 
pressire. L.eaf spot disease developed riore l)ry-scason aphid activity was assessed in1 
slowly on this material but eventually all selec- terms of nunnbcr of sites infested, and unumnber of 
tions scored 8 or 9 for early leaf spot just before plants infested per site. P opulation inicrcase 
harvest. We made 2 single plant and 19 bulk within a site, was greater in the Lilongwe iPlain 
selections. Seven of these have been included in than in the south, where infestation was appar
the 1985/86 yield trials. ently confined to low-lying areas near rivers or 
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lakes. Clearly, A. craccivorais able to maintain 
itself locally throughout the dry season in both 
central and southern areas of Malawi. The detec-
tion ofviruliferous aphids towards the end of the 
dry season shows that a local source of GRV 
exists, but does not indicate its extent or sig-
nificancc. 

Resistance screening and breeding. Using an 
infector-row systen together with release of
viruliferous aphids, we screened 28 populations 
consisting of 5912 toF. plants for resistance 
GRV in tie field. Oi 'V 678 plants remained 
symptomless. Seed fron 406 of these was sown 
in the greenhouse and tl- resulting plants were 
inoculated with GRV. Seed from the 161 FA 
plants that survived this test wvill be included in 
tile 1986 disease nursery. Two of the plants are 
spanish types, t) are virginia run ners, and 153 are 
virginia bunch types. \,/e also grew 25 F1I crosse,, 
involving soulces of (RV resistance (RG I,
RM 1 93, and RRI 6) and promising exotic 
gerlplasl alnd brecdiig lines, 

Preliminary inheritance studies. Our results 
from tie prelinrinary inheritance studies with 
crosses resistant and susceptible to rosette ii-
firmred the double recessive natunre of resistance. 

Furthernmore, these Iimited studie have 
 also 
indicate(] an a bserce of reciprocal differences in 
virginia x virginia, or virginia - spanish crosses. 
We have planned a detailed investigation for tie 

1985f86 crop season involving F: arid F, recip-

rocals and their backcross generations, 


Pests 

Resistance Screening 

We screened 64 ICG(IlS) lines and 13 F , - 1
insect-resistant populations in observation plots.
We made 5 single-plant and 15 bulk selections 
that had average or above-average ratings for 
pod yield. Single-plant selection from IC(i( PS)
62 had good pod yields ard moderate thrips
injury. One bulk selection was chosen for repli-

cated yield trials. Jassid damage was too slight 
for meaningful scoring. 

We evaluated 23 other ICG(PS) lines in a 
replicated trial with ICGMS 2 and 42 as con
trols. Four lines were retained for further evalua
tion next season. 

Plant Improvement 

Breeding for Increased 'ield, Improved Seed 
Quality, and Earliness 

Breeding material. Twenty-eight ICGS(E) lines 
from ICIISAT Center were sown in observa
tion plots. The period from emergence to 75% 
flowering in these lines ranged from 25 to 31 
days, IC, MS(i) 7 being tile earliest. However, 
these differences in 'inie to flowering were not 
reflected in tile maturity period dile to early and 
severe defoliation by early lealspot. We retained 
18 lines from which 4 single-plant and 14 buhI. 
selections were made. 

We grew 73 F, crosses between indigenouscultivars and exotic gerniplasm and breeding 
liires. Ten crosses yielded well. 

We sowed 611 1:1 F, breeding populations
including single-plant progenies in nonreplicated 
plots. iron358 populations, we madt,: 50 single
plant and 412 bulk selections. Severity-eight of 
these bulk selections will be included in repli
catcd yield trials next seasoni. 

Although F, populations in general were 
vigorous, their perforniance was below expecta. 
tion. Two F, selections (Mani Pintar x Dh 3-20)
13, and (Makul Red 
 x )li 3-20)-1I retained 
more foliage at the time of harvest and had fewerearly leaf spot steri lesions. Some of the good 
and very good selections for pod yield came fromtile following crosses: (F334A-B-14 x Makulh 
Red), (Jacana x..No. 95A), (.1 II H(G I),x 
, UGS 22 x 75-24 x Chi,_o), (Robnt 33-1 x 994),
(NC Ac 171352 x Makulu Red), (ICGS 49 x 
Makulti Red), (SM 5 x 'C 76446(292) x Robut 
33-1), (ICGS 7 - ICGS 17), (IK (iS 15 TMV 10 
x Chico), (.1 II Ali 114), (NC Ac 171352 x Ah 
114), (Ciallinbana x Mani Pintar), (FS13 7-2 x 
Ali 114), (USA 20xTMV 10 × Robut 33-1),(MH 
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2 x 28-206), (JH 171 x Robut 33-1), (ICGS 27 x zania, Mozambique, and one location in Malawi. 
75-24 x Chico), and (Manfredi xAh 114). We have tentatively selected 9 of the 14 lines 

tested in the trial for further evaluation in the 
Yield trials. We evaluated 21 sequential and II region. 
alternate-branching breeding lines in two repli
cated yield trials together with controls. We 
retained 19 of these lines for further evaluation. Seed Supply 
The performance of some of the sequential
branching lines ispresented in Table 34. We supplied 442 groundnut seed samples to our 

cooperators in the region. This included 144 
ICRISAT Southern African Cooperative Re- samples to Angola, 34 to Botswana, 197 to 
gional Yield Trials. Yield data for the sequen- Malawi, 33 to Mozambique, and 34 to Tanzania. 
tial-branching cooperative regional yield trial 
were received from seven locations in five coun
tries. Results from Sebele, Botsvana, were in- Cooperation with National 
complete, and Tanzania could not sow the trial. 
Coefficient- of variation (CVs) were high at Programs 
Lupembe and Boane ('[able 35). Based on data 
from two seasons we have tentatively identified Cooperation with AICORPO 
15 of the 34 lines in the trial for further regional 
testing. Coordinated Yield Trials 

Data for the alternate-branching trial were 
received from four locations in three countries ICRISAT Center trials. During the 1985 rainy 
(Table 36). No results were obtained from Tan- season, we conducted nine AICORPO-sponsored 

Table 34. Performance of some sequential-branching groundnut lines retained for further evaluation in the 
increased yield, better seed quality, and earliness program, Chitedze, Malawi, rainy season 1984/85. 

Mean early 
Time to Pod yield 100-seed leaf spot score' 

Identity maturity (d) (kg ha - ) Shelling % mass (%) at 90 DAE 

ICGS 51 123 2610 67 39.2 8.0 
H 3/5 123 1960 70 37.5 8.0 
(MGS8 xNC 2)FI 2 113 1980 73 26.6 8.5 
ICGS 30 119 1830 67 31.3 8.0 
(Xi4-4-B-19-B x MH 2)FI2 108 1780 74 28.0 8.5 
(JM 171 x Robut 33-1)F 2 108 1710 72 31.7 9.0 
(Tifspan x NC Ac 2944)Fi 2 118 1670 73 27.0 8.0 

Local controls 
Malimba 108 1550 73 24.8 9.0 
Spancross 111 1370 69 21.8 8.5 

SE ±68 

Trial mean 1570 

CV (%) 9 

I. Field disease scored on a 1-9 scale, where I=no disease and 9=50-100% foliage destroyed. 
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Table 35. Pod yields (kg ha-') &Igroundnut selections in the ICRISAT Southern African Cooperative Regional
Yield Trial-Sequential Branching, rainy season 1984/85. 

Botswana Malawi 

Identity Sebele Chitedze Lupembe 

ICGM I 
ICGM 2 
ICGM 5 
ICGM 9 
ICGM I I 

1180 
1040 
.1 

1170 
-

2040 
2220 
2040 
1970 
2010 

710 
710 
240 
770 
450 

ICGM 12 
ICGM 14 
ICGM 18 
ICOM 21 
ICGM 22 

1080 
-

-

1140 
1110 

1620 
1290 
1540 
1620 
1560 

350 
700 
530 
760 
710 

ICGM 23 
ICGM 28 
ICGM 30 
ICGM 31 
ICGM 33 

-
-
-
-
-

1760 
1640 
2340 
1900 
1450 

760 
470 
100 
250 
250 

Control 
A 
B 

650 1690 
1950 

590 
350 

SE ±105 ±97 

Trial mean 
(36 entries) 

1730 430 

CV (%) 12 39 

1.  = Not recorded. 

trials on Alfisols at ICRISAT Center. These 
included many ICRISAT entries. 

In the Initial Evaliation Trai (lET) with 
spanish bunch cultivars, the entries DORG 1810 
and ICGS 67 significantly outyielded the national 
control cultivar JL 24. In the lET for irginia 
bunch cultivars, ICG(C) 8and ICG(C) 12 signif-
icantly outyielded both the minikit control, 
C 198, and the national control, Robut 33-1. 

No entry significantly outyielded JL 24 in the 
Coordinated Varietal Trial (CVT) for spanish 
bunch cultivars. Two ICRISAT entries, ICG(C) 
13 and ICGS 62, significantly outyielded the 
minikit control culivar C 198 in the virginia 
bunch CVT, while ICG(C) 13 outyielded the 
national control Robut 33-1. 

Mozambique Zambia Zimbabwe 

Boane Msekera Magoye Gwebi 

670 
550 
1050 
670 
1160 

2040 
2810 
2880 
2330 
2980 

1180 
1390 
1430 
1140 
1770 

600 
1070 
1430 
940 
1530 

880 
1200 
630 
600 
640 

2650 
2000 
2620 
2070 
2380 

1630 
1260 
1370 
1520 
1500 

1080 
1060 
830 
880 
780 

920 
930 
470 
630 
600 

2320 
2100 
2640 
2240 
1860 

1320 
1310 
1120 
1630 
1070 

1180 
1030 
1310 
1490 
1020 

780 2250 1330 1310
 
790 2350 1370 2570
 

±145 ±108 ±147 ±86 

690 2290 13"(0 1080 

42 9 22 16 

The entries CGC 4018, ICGS 30, and ICG 
(FDRS) 4,significantly outyielded the national 
control JL 24 in the National Elite Trial (NET) 
for spanish bunch cultivars. In the NET for vir
ginia bunch cultivars, entry ICGS 6significantly 
outyielded the minikit controlC 198, but not the 
national control Robut 33-1. 

In the Foliar Diseases Resistant Varietal Trial 
(FDRVT), four ICRISATentries, ICG(C)5 and 
6, ICG(FDRS) 33 and 43, significantly out
yielded the control cultivars JL 24 and Robut 
33-1. ICG(C) 5had the highest pod yield of 2129 
kg ha-'. All four entries have resistance to rust, 
and ICG(C) 5 and 6-selections from interspe
cific crosses-also have resistance to late leaf 
spot. 
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A Hand-Picked Selection Varietal Trial began International Trials 
in 1985. The ICRISAT selection ICG(CG)S 49 
gave the hij hest yield, 1782 kg dried pods ha-' Early-maturing Varietal Trial 
and, together with entries RSHY 10 and ICG 
(CG)S 19, ,ignificantly outyielded the control Three international trials for evaluation of early
cultivar Chandra, but not M 13, the other con- maturing cultivars were organized in 1985 and 
trol cultivar. sent to 52 locations in Asia (25), Africa (2,), nd 

elsewhere (3). Data from trials in Botswana, 
Multilocational trials. The current status of Mali, Pakistan, the Philippines, and Thailand 
ICRISAT materials in multilocational testing in indicate that the trial entries have compared well 
the AICORPO system is shown in Table 37 for with local control cultivars in terms of yield and 
the rainy season trials and in Table 38 for post- some have shown advantages in quality and 
rainy season trials, earliness. 

Release of ICGS 11. Following successful test
ing in adaptive trials over several postrainy sea- Confectionery Groundnut Varietal Trial 
sons, the cultivar ICGS I I was recommended by 
the AICORPO rabi/summer groundnut work- An international trial with 24 test entries was 
shop for release in Zones 3 and 5 of India for sent to 15 locations in Australia, Burkina Faso, 
postrainy-season cultivation, the People's Republic of China, Cyprus, Egypt, 

Table 36. Pod (P) and seed (S) yields (kg ha-') for selected groundnut entries in the ICRISAT Southern African 
Cooperative Regional Yield Trial-Alternate Branching, rainy season 1984/85. 

Malawi Zambia Zimbabwe Ovei!! nean 
Chitedze Msekera Golden Valley Gwebi 

Identity P S P S P S P S P S 
ICGM 35 2400 1680 2030 1220 2150 1400 1790 1290 2090 1400 
ICGM 36 2130 1580 2530 1830 2490 1860 980 650 2030 1480 
ICGM 38 1930 1390 2100 1300 2290 1530 1380 1000 1930 1310 
ICGM 39 2360 1700 2240 1280 2400 1360 1780 1260 2200 1400 
ICGM 42 3200 2400 2430 1750 2630 1680 2630 1900 2720 1930 

ICGM 43 2100 1530 2030 1380 2220 1390 1920 1410 2070 1430 
ICGM 45 2070 1390 2600 1560 2010 1350 2020 1430 2180 1430 
ICGM 47 1600 1100 1920 1400 2250 1470 1480 1110 1810 1270 
ICGM 48 1710 1210 1740 1140 2610 1660 1390 930 1860 1240 

Control 
A 2490 1710 1770 1150 1700 1050 2520 1740 2120 1410 
B 2930 2170 2890 2070 2680 1660 2690 1880 2800 1950 

SE ±109 -1 ±112 ±74 ±135 ±131 ±104 ± 80 

Trial mean 2070 - 1980 1310 2130 1370 1620 1150 
(16 entries) 

CV (%) 11 - I1 Ii 12 19 13 14 

I.- = Not analyzed. 
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Table 37. Current status of ICRISAT entries in AICORPO rainy-season trials, 1985.
 

Trial 


Initial Evaluation Trial (Virginia bunch) 


Coordinated Varietal Trial (Virginia bunch) 


National Elite Trial (Virginia bunch) 


Adaptive Trial (Virginia bunch) 


Initial Evaluation Trial (Spanish bunch) 


Coordinated Varietal Trial (Spanish bunch) 


National Elite Trial (Spanish bunch) 


Adaptive Trial (Spanish bunch) 


Hand Picked Selection Varietal Trial 


Foliar Disea.:e Resistant Varietal Trial 


Entry Zone' 

ICGS 5,;, [ICG (C) 13] 54, 56, 67 4
 
ICGS 63,64 1,4
 
ICGS 65 1,2,4
 
ICGS 76,79 1,2,3,4,5,6
 
ICG(PRS) 92,214 1,2,3,4,5,6 
ICG (C) 8,12 1,2,3,4,5,6 

ICGS 47,18 1
 
ICGS 49,18 4
 
ICGS 50, [ICG (C) 13],66 5
 
ICGS 46,48 6
 
ICGS 62 1,2,5,6 

ICGS 4,6 4,5 

ICGS 5 ! 

ICGS 35-1,57 4
 
ICGS 44-1 3,,4
 
ICGS 67 4,5
 
ICG (PRS) I 1,2,3,4,5 
ICG (PRS) 2 1,2,3,4 
ICGS 75,77,81,82 1,2,3,4,5,6 

ICGS 11,21.30 2 
ICGS 26 4 
ICGS 35-1,44-1 1,2,5 
ICGS 51 2,3,4 
ICGS 67 1 
ICG (FDRS) 10,23 1,2,3,4,5,6 
ICG (FDRS) 1,4 2,3,4,5 

ICGS 11,26 1 
ICGS 30, ICG (FDRS) 4 5 

ICGS I 

ICG (CG) S 10,11,12,13 1,2,3,5,6,14,15,16, 
17,18,19,20,21,49 

ICG (FDRS) 20,22,25,33,34 In selected locations 
38,41,42,43 

ICG (C) 5,6 In selected locations 
I. Zone I - Northern zone (Uttar Pradesh, parts of Iaryana, Punjab, Rajasthan, and Bihar)
 

Zone 2 - Western zone (Gujarat)
 
Zone 3 - Central zone (parts of Maharashtra and Madhya Pradesh)
 
Zone 4 - South-eastern zone (Orissa and West Bengal)
 
Zone 5 - Peninsular zone (Andhra Pradesh, Karnataka, and parts of Maharashtra)
 
Zone 6 - Southern zone (Tamil Nadu).
 

http:11,21.30
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Table 38. Current status of ICRISAT entries In AICORPO postrainy (rabi/summer) season trials, 1985/86. 

Trial' Entry Zone2 

Initial Evaluation Trial ICGS 84,91,103,105,106 1,2,3,4,5,6 
Initial Evaluation Trial (early lines) ICGS (E) 21,52,56,121,122 In selected locations 

Coordinated Varietal Trial ICGS 2, ICG (FDRS) 31 2 

ICGS 21 3,4 
ICGS 44 3,4,5 
ICG (FDRS) J3 5,6 

National Elite Trial ICGS 6,19,37 3,4 
ICGS 21 5 

Adaptive Trials ICGS 44 2 

1. All postrainy season entries are SB (spanish bunch typ-s). 
2. 	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 - South-eastern zone (Orissa and West Bengal) 
Zone 5 - Peninsular zone (Andhra Pradesh, Karnataka, and parts of Maharashtra) 
Zone 6 - Southern zone (Tamil Nadu). 

Gabon, Pakistan, the Philippines, Senegai, Su- Training 
dan, Taiwan, Thailand, the USA, and Zambia, 
in 1985. From trial data received so far it isclear In 1985, two postdoctoral fellows, one from 
that several of the large-seeded, confectionery India and one from the U K, completed 2years in 
type cultivars have outyielded local cultivars and groundnut microbiology and physiology. In 
shown excellent quality characteristics. The high- physiology and breeding, two research scholars 
est yield so far recorded was for entry HYQ(CG)S successfully completed t.ieir MSc courses with 
48 that gave 9000 kg dried pods ha-' in a trial in Andhra Pradesh Agricultu "al University (APAU); 
Cyprus. thesis research being dont: at ICRISAT Center. 

Specialized training w:as given on the follow
ing subjects: Breeding methods, drought-resis
tance screening methods, methods of screening 

Pest-resistant Varietal Trial for resistance to pests and diseases, cytogenetic 
techniques and tissue culture, methods for sero-

A set of nine genotypes has been sent to 13 logical typing of rhizobia, serological methods 
countries for evaluation in an international pest- for identifying groundnut viruses, physico
resistant varietal trial. In addition, 40 lines were chemical virus characterization techniques, me
sent to Thailand and the Philippines to be thods of testing for aflatoxins, identification of 
screened for resistance to jassids, thrips, leaf insect pests and pest damage. The trining peri
,miner, and termites. Thirteen of the lines were ods ranged from a few days to several months 
sent to Australia, and 15 to West Africa for depending upon the number of subjects and 
similar screening. depth of knowledge required. There were 17 
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trainees from eight countries: People's Republic 
of China (3), India (2), Iran (1), Mozambique 
(1), the Netherlands (I), the Philippines (5), Sri 
Lanka (2), and Thailand (2). 

Workshops, Conferences, 

and Seminars 

Consultative Group Meeting to Discuss 
Collaborative Research on Groundnut 
Rosette Virus 

This meeting was held in Cambridge, UK, 13-14 
April. Fifteen participants represented ICRI-
SAT (ICRISAT Center and the Regional 
Groundnut Program for Southern Africa), re-
search institutions working on groundnut rosette 
virus disease in Nigeria, the Federal Republic of 
Germany, and the UK, and institutions in the 
USA and Australia. The research findings and 
future plans of each group were presented and 
discussed. Arrangements were made to avoid 
duplication of work and to improve collabora-
tion. ICRISAT and Peanut CRSP agreed to 
coordinate research. Proceedings are available 
from Information Services, ICRISAT. 

Review and Planning Meeting for Asian 
Regional Research on Grain Legumes 

This meeting, funded by the Australian Devel
opment Assistance Bureau and sponsored by 
ICRISAT, the Australian Centre for Interna-
tional Agricultural Research (ACIAR), and the 
:nternational Rice Research Institute (IRRI), 
was held at ICRISAT Center, 16-18 Dec,'mber 
1985. The objectives of the meeting were, to 
identify cooperative links between organizations 
concerned with legumes research in Asia, to 
assess the progress made since the Consultative 
Meeting for Asian Grain Legumes that was held 
at ICRISAT in 1983, and to develop plans for 
future cooperation in countries of South and 
Southeast Asia. 

Ten scientists from seven countries in the 
region (Bangladesh, India, Indonesia, Nepal, 
Pakistan, the Philippines, and Thailand), nine 
representatives from six international agencies, 
and ICRISAT scientists discussed the research 
and development of groundnut as well as that of 
chickpea and pigeonpea in the region. Executive 
summaries of the technical reports, discussions, 
and recommendations are available from Infor
mation Services, ICRISAT. 

It was announced that a Coordinator for 
ICRISAT's Asian Grain Legume Program had 
been appointed, and that this program will be 
active from I January 1986. The meeting pro
vided the Coordinator with strong guidance that 
was contained within eight specific recommen
dations. It was stressed that the primary objec
tives of the new program should include the 
promotion ol closer contact between ICRISAT 
scientists and the relevant scientists in each 
country, and encouragement of a two-way flow 
of information and material. It was also empha
sized that there was a need for coordination 
between the various international and regional 
organizations, both to integrate research efforts 
and to reduce duplication ofeffort. Other recom
mendations were to identify the problems of the 
three crops in the region and search for solu
tions, conserve germplasm, meet training re
quirements, determine more exactly the areas in 
the region where genotypes of the three legume 
crops are adapted, and conduct socioeconomic 
studies to find out the potential uses of the three 
crops in each country of the region. 

R 
egional Groundnut Breeders Tour 

in Southern Africa 
The ICRISAT Regional Groundnut Program 
for Southern Africa organized a breeders' tour 
to visit national groundnut breeding programs 
in Zimbabwe, Zambia, and Malawi from 25 
February-I March. Breeders from Botswana, 
Malawi, Mozambique, Tanzania, Zambia, and 
Zimbabwe participated. They were able to exam
ine breeding and other material in the field, and 
to deliberate and comment on strategies, includ
ing that of the ICRISAT breeder. 
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Groundnut Field Day to West Africa when the Groundnut Program 
begins at the ICRISAT Sahelian Center, Niger 

Thirty-five cooperators from the AICORPO, in 1986. We shall carry out more virus disease 
visiting scientists, in-service fellows and trainees surveys in Asia and Africa in cooperation with 
concerned with groundnut, and staff of the Pro- national and regional programs. 
gram participated in the 1985 Field Day held 
23-24 September at ICRISAT Center. Activities Insect pests. We shall give priority to incorpo
included a seminar and discussion on drought rating resistance to the thrips vector of bud 
research, visits to laboratories to see research on necrosis disease into high-yielding, commercially 
nitrogen fixation, utilization of wild Arachis acceptable cultivars. A similar approach will be 
species. storage pests, aflatoxin, laboratory made to breeding forjassid resistance. 
screening for foliar diseases resistance, identifi- We shall screen more wild Arachisspeciesand 
cation of viruses, and visits to field trials. There interspecific hybrid derivatives for resistance to 
was a general discussion on the research that had the tobacco caterpillar Spodoptera litura and 
been highlighted in the laboratory and field visits the g-i)undnut aphid, Aphis craccivora,the vec
and on other topics. Much useful information tor of groundnut rosette virus disease and of 
was exchanged. several other important virus diseases. 

Research on storage pests will continue, and 
work on management of termites will expand if 
proposed cooperative research with the Tropical

Looking Ahead Development Research Institute (TDRI) and 
AICORPO is implemented. 

Diseases. Research on the foliar fungal dis
eases will continue to receive high priority, with Drought stress, plant nutrition, and photo
emphasis being placed on early leaf spot. Field period. Cooperative studies on interactions of 
screening for resistance to this disease will be soil temperature and drought with pod and seed 
expanded at the ICRISAT Regional Program invasion by soil fungi will be continued. We shall 
for Southern Africa, using locally produced also cortinue to study the mechanisms behind 
lines, breeders' lines from !CRISAT Center the genc typic variation in drought recovery and 
including inteispecific hybrid derivatives, and tolerance. An international trial to evaluate 
wild Arachis species. Evaluation of cultivars drought-resistant cultivars will be established. 
with resistance to rust and late leaf spot will be Work on symbiotic nitrogen fixation will con
carried out in cooperation with national and tinue, but we shall give greater emphasis to the 
regional programs, and the economics of foliar study of the role of mycorrhizae in groundnut 
diseases management will be studied in coopera- nutrition. There will be further investigations of 
tion with ICRISAT economists. the calcium requirements of pods, and we hope 

We will continue to give high priority to to carry out some research on iron chlorosis. 
research on the aflatoxin problem. Cultivars and Investigations will continue into response of 
breeding lines with resistance to pod and seed groundnuts to photoperiod in cooperation with 
invasion by the aflatoxigenic fungus Aspergillus the University of Bonn. 
flavus will be evaluated in multilocational trials 
and under farmers' conditions. Plant improvement. Breeding for resistance to 

Research (,it groundnut rosette virus disease stress factors, and adaptive breeding for particu
will continue to be coordinated from ICRISAT lar traits will continue. Cooperative research 
Center, and studies on the epidemiology of the with ICRISAT biochemists on seed-quality fac
disease and breeding for resistance will continue tors for confectionery groundnuts and maintain
to have high priority in our Southern Africa ing the quality of oil in groundnut cultivars des-
Program. Work on the disease will be extended tined for the vegetable oil trade will be expanded. 
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The recently introduced International Evalua-
tion Trials for confectionery cuhtivars and forshort-duration cultivars will be extended to 
shoretouratie, 
 wcultivar 

Wild species. We will continue to screen new 
accessions of'wild species for uscful traits and 
incorporate them into desirable agronomic back-
grounds by conventional and unconventional 
techniques. Gamma radiation will be used to 
induce translocation between introgrcssed chro-
mosomes from the wild species and A. h)vpogaca. 

Publications 

Institute Publications 

Information Bulletin 

McDonald, I)., Subrahmanyam, P., Gibbons, R.W., 
and Smith, 1).11. 1985. Early and late leaf spots of 
groundnut. Information Iulletin no. 21. Patancheru, 
A. P. 502 324. India: ICRISA.. 
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RESOURCE MANAGEMENT
 

Introduction 

The Resource Management Program (RMP) 
was formally created towards the end of 1985 by 
merging two research programs-Farming Systems 
and Economics--into one administrative unit. 
This merger was the outcome of extensive dis-
cussions on the need perceived by scientists for 
more intensive interdisciplinary interaction and 
for an organizational structure that would be 
more conducive to such interaction at the re-
search-station level as well as in farmers' fields, 

The disciplinary separation of the earlier pro-
grams and subprograms had served a useful 
purpose during the initial stages when ICRI-
SAT's scientists began their agricultural research 
on the vast territory of semi-arid tropical agri-
culture. Disciplinary research was an effective 
means to establish a basic understanding of the 
principles and constraints involved. As this 
knowledge increased, so did our understanding 
of the complexity of ma.y problems and of the 
interdependency of possible solutions. It was 
soon apparent that to resolve complex prob-
lems, increased interdisciplinary research efforts 
were required, and this decision was confirmed 
by the External Program Review of 1984. 

Consequently the new program is being ur
ganized in a way that will promote increasingly 
interdisciplinary research approaches to be app-
lied in the future. The basic objectives contained 
in the mandate of the RMP are: 

* characterization of resources, 
* research on components and systems for 

improved use of resources, and 
* evaluation of resource management systems. 

These three objectives are pursued by three 

interdisciplinary research groups with differing 
emphasis as indicated by the number of crosses 
in the following table: 

Research Group 
Activities Agronomy Engineering Economics 
Character

ization xxx xx xx 

use x X X 

The three groups provide a broad framework 
of disciplinary organization for research teams 
to address commonly perceived constraints. This 
framework is also sufficiently flexible to accom
modate changes in emphasis across disciplines 
or to permit the temporary addition of a disci
pline with particular expertise in studying spe
cial aspects of a problem. 

Priorities for research arc being identified on 
the basis ofa regional assessment of the area and 
human population in various agrociinlatic zones. 
Within each region, the prevailing constraints 
determine the direction and intensity of our 
research efforts. Other determinants for setting 
research priorities include trends in constraining 
factors, the probability of success, and our 
advantage compared to national programs. Pri
ority regions identified in India are: 

0 Vertic soils under low to high rainfall (500
1500 mm), 

0 shallow Alfisols under low to medium rain
fall (500-700 mm), and 

* deep Vertisols under low rainfall; 

and in Africa: 
0 sandy soils under low and medium rainfall, 

and 
* Vertisols under low rainfall. 

In this report, we have made a first attempt to 
group our research reports in terms of priority 
regions and main activities. The presentation 
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may n't always appear to be consistent because 
the research projects reported for 1985 were 
initially conceived prior to the present organiza-
tional framework and therefore many address a 
range of problems with different foci. For in-
stance, the reader will not find a section on Ver-
tic soils in this report, even though this is a high 
priority region in India; this is because our work 
in the past on Vertic soils was done in projects 
that also covered other soil types and such 
results are reported in the section where we coin-
pare results across different environments. 

Sandy Soils of the Sahel 
Coarse-textured soils containing more than 65"1 
sand are tle most prevalent typcs found in tile 
Sahel region of Africa.Aft Ihese soils occur 
extensively, mostly on flat to undulating topo-
graphy, developed in aeolian and alluvial sands, 
Their low fertility, Iolo water-holding capacity, 
and poor physical condition are iniportaiit cons-
traints to t heir use. Those in Niger, for example, 
are very sandy with the sand fraction exceeding
80(%in most cases. Among the climatic factors, 
the low and highly variable rainfall, and the high 
demand for water imposed by the constant high 
radiation throughout the year are important. 
The average farm size in this region is siall 

and the farn incomes are meager. Characteriza-
tion of the farmers' socioeconomic environment 
and its constraints are important considerations 
influencing both technology design and transfer. 

While the native fertility in most West African 

soils is low, there is little or negligible fertilizer 

use. For example, while the fertilizer use in 

Africa as a whole is 20 kg nutrients ha-', in West 
Africa fertilizer consumption was less than I kg 

-
har in 1982/83. 

Component Research 

Phosphorus 

At ISC we compared Parc-W rock phosphate 
(RP) with commercially available sources such 

as triple superphosphate (TSP), single super
phosphate (SSP), and partially acidulated rock 
phosphate (PARP) prepared at International 
Fertilizer )evelopment Center (IFDC) Labora
tortes, Muscle Shoals, Alabama, USA. Partial 
acidulation is a process that only uses a percen
tage of the sulfuric acid normally required to 
convert relatively insoluble rock phosphate to 
water-soluble Fhosphorus. Rock phosphate was 
acidulated at three lcvels with sulfuric acid: 25% 
(PAR P 25), 40(i (PAR I 40), and 50"i (PAR P 
50). The RP was applied annually. In a field trial 
initiated in 1982, we applied P annually as RP,
PAR I 50, SSP,and TS P. The 50%, PAR, P per
formed as well as TSIP (Fig. I), indicating that 
IPARP 50 madc from Niger rock deposits can 
meet tie 1)needs of pearl millet as well as con
mcrciallv available fertiizer. 'lhe fact that SSP 
(which cont ai ns sulfur) performed better than 
TSP (which contains little or no sulfur) shows 
that the traditional practice of cropping millet 
coitinuotisiy would be irnproved by the use of 
fertilizer containing sulfur. RP performed poorly, 
indicating the need for acid iilation. 
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SSP = single super phosphate
TSP =triple super phosphate 
PARS 50 = partially acidulated rock phosphate 
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Figure 1. Effect of phosphorus sources and rates ofapplication on pearl millet grain yield (kg ha-') ISC, 
Niger, rainy season 1985. 
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Long-term Soil Management 

The objectives of this experiment are to study 
various soil management factors: the effects of 
presowing cultivation, mulching, and fertilizer 
addition on crop growth, water use, and changes 
in the soil's physical an'd chemical properties. 
The experiment is locaiL d on land with 3-4% 
slope that was under bush fallow until 1983. The 
cultivation treatments consisted of plowing, ridg-
ing, and zero tillage. Measurement of runoff was 

carried out on three "Wischineier" type plots. In 
the mulch treatment we used pearl millet residue 
left from the 1984 season. The fertilizer treat-
ment was 17 kg P ha-' added before cultivation, 
and 40 kg N ha-' in a split dose applied 2 and 5 
weeks after sowing. In 1985, we sowed improved 
pearl millet (CIVT) and local pearl millet (Sador& 
Local) at 13300 hills ha-'. 

From establishment onwards, which was ex-
cellent at 97%,i of the hills sown, growth was 
positively influenced by cultivation treatments, 
fertilizer, and mulching. Plowing and ridging 
increased plant height, as did mulching and fer-
tilizer applications. Adequate, well-distributed 
rainfall kept the first meter of the soil profile 
virtually at field capacity from 3 weeks after 
sowing until harvest favoring good vegetative 
growth. A 98.2 mm storm was the only one to 
produce a 1%runoff from the zero-tilled plot. 

Grain yields depended on the tillage iethod 
used, mulching, fertilizer, and pearl millet cul
tivar sown (Fig. 2). There isa strong interaction 
between mulching and fertilizer; mulching did 
not produce the same effect with fertilizers corn
pared to the large response to mulching in plots 
without fertilizers (Fig. 3). The small drop in 
grain yield following ridging was unexpected; 
elsewhere at ISC, crops grown on ridges per-
formed well. Soil analyses showed a slightly 3 
lower pH of 4.91 for ridging, compared to 5.11 
for plowing, and 5.18 for control plots. Mulc.'-
ing increased the organic matter content from 
0.26 to 0.29%. 

The method of cultivation had a peofound 
effect on early weed growth. Weed growth was 
more on zei o-tilled plots and on plots where the 
mulch was completely buried. We determined 
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Figure 2. Effect of presowing cultivation (P =plow
ing, R = ridging, C= control), fertilizer application 
(F), cultivar (SL Sador6 Local, CIVT = improved), 
and mulching (M)on pearl millet grain yields(kg ha-) 
ISC, Niger, rainy season 1985. 

weed dry matter after harvest from 3-M2 plots. 
Fertilizer application reduced weed levels from 
256 to 176 kg weed dry mattei ha-'. Sador&Local 
millet supressed weeds better, 153 kg ha-', than 
the improved pearl millet CIVT, 276 kg ha-'. 
There was some Striga infestation, 1.14 Striga 
plants M-2 affecting Sador6 Local pearl millet 
compared to 0.27 Striga plants m-2 affecting 
CIVT. 

Crop water use during growth depended on 
the method of cultivation, mulching, and fertili
zer application. However, total water use at the 
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Figure 3. Effect of mulching - fertilizer interaction 
on pearl millet grain yield (kg ha-') ISC, Niger, rainy 
season 1985. 
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end of the season did not differ significantly, 
ranging between 287 mm and 320 mm in differ-
ent treatments. Water-use efficiencies (kg ha -' 
mm') ranged from 1.83 for ridged plots without 
fertilizer to 4.87 for mulched and plowed plots
with fertilizer. 

Soil Variability and Plant Establishment 

Variability of crop establishment, growth, and 
yield within short distances (1-3 m) is a common 
problem in soils at ISC and throughout the 
Semi-Arid Tropics (SAT). This variability hind-
ers research because the irregularity of crop
growth in a single plot is often greater than the 
differences I,etween treatments and between
replications of the same treatment. Apart from 
the effects on experimental results, t.e areas 
with low yields in farmers'fieldsobviouslycause 
substantial production loss. 

We Iook soil samples (0-10 cm depth) at 101 
locations along the steepest gradi. . in crop
growth; pH, exchangeable bases, ex, -e.c,geable
hydrogeii and aluminium and Cation E' change 
C;pacity (CEC) were correlated with plant
growth and yield. fhcsc confirmed, as we re-
ported last year ,iCRISAT Annual Report 
1984, p. 308), the't variability is caused by pH-
related problems at iSC and in farmers' fields, 
The difference in acidity between the nonpro-
ductive and productive areas can be detected to a 
depth of about 50 cm (Fig. 4).

In another e':periment, we studied the effects 
of presowing cultivation, fertilizer application, 
and residual fertility on the establishment of 
three pearl millet cultivars. The cultivation 
methods were plowing, ridging, use of sand-fight-
er, and a zero-tilled control. We evaluated the 
residual fertilizer effect from 1984 by imposing 
the cultivation treatments in a split-plot design
with 1984 fertilizer treatments as the main plot. 

Two improved cultivars, 3/4 HK and CIVT,
and Sador6 Lc.a! were sown in 75-cm-spaced 
rows at 13000 hills ha-'. The direction of the 
rows was perpendicular to the prevailing erosive 
winds during storms. Establishment and survi-
val later in the season were superior for plowing 
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Figure 4. Profiles of soil pH In two adjacent areas of 
a Lubucheri soil, one that supports good plant growth
and one that does not. ISC, Niger, 1985. 

aitd ridging treatments (Fig. 5). Storms at 8days
after sowing (DAS), and 10 DAS, with average 

-hourly wind speeds exceeding 7m is , did not 
affect the pearl millet stands. 

Early growth, expressed in plant height mea
sured on various dates; showed positive man
agement effects. The intensive cultivation 
methods were better than the sand-fighter and 
zero-tillage treatments; plant heights measured 
at 40 DAS were 54.6 cm for plowing, 47.4 cm for 
ridging, 36.3cm for zero-tillage, and 32.5 cm for 
sand-fighter treatment. Fertilizer application in
creased plant height from 34.4 cm on control 
plots to 51 cm in plots with fertilizer. Thp resid
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Figure 5. Effect of pre-sowing cultivation method on 
pearl millet stands measuied as percentage survival of 
13 300 hills sown ha-' ISC, Niger, rainy season 1985. 

100 



Resource Management 269 

ual effect was less pronounced with a plant Table 2. Thousand grain mass (g) of different seed 
height of 38.6 cm on control plots against 46.8 cm sizes obtained by grading seed lots, and laboratory 
on plots with fertilizers, germination rates (%), for three pearl millet cultivars, 

The decline in hill survival later in the season ISC, Niger, rainy season 1985. 
depended on the same factors, as did grain yield Seed size 
(except for the residual fertilizer effect). There Cultivar Large Medium Small 
were significant tillage x fertilizer and tillage x 
cultivar interactions. Intensive tillage enhanced 1000-grain mass (g)' 
the effect of fertilizer and CIVT performed best 3/4 HK 11.7±0.26 8.3±0.08 6.8±0.13 
when grown on ridges (Table I). CIVT 12.3±0.26 7.8 ±0.13 5.7±0.22 

Some cultivation treatments aimed at limiting Sadore Local 11.3±0.32 7.1 ±0.05 5.2±0.46 
wind erosion damage might not have expressed Germination % 
themselves on the 19 m x 20 m plots used, so we 
tested these treatments using 30 m x 30 m plots 3/4CIVT 93.7±1.57K 78.792.2±1.4±4,0 89.7±2.187.7±3.7 77.1±+8.8 
and observed the same trends and yield levels. Sadore Lo.al 79.9±6.0 68.3 ±4.1 60.4±5.3 

In another experiment, we evaluated the effects 
of sowing depth and seed size on establishment I. Average of four replications. 
and early growth of the same three pearl millet 
cultivars. We graded the seeds to obtain three 
distinct size groups, and determined the 1000- ingdepth: 84%for Icm,90%for3cm,91%for5 
seed mass and germination percentage in the cm, and 87% for seeds sown 7-cm deep. Sowing 
laboratory. (Table 2). depth had little effect on the number of seedlings 

We sowed lots of seeds at depths of 1,.;, 5, and within hills, but the effect of seed size was signifi
7 cm. Plant stand differ%-d significantly for sow- cant. Fifty-four percent of the large seeds emerged 

compared with 51% for medium, and 40% for 
small seeds. Cultivar 3/4 HK performed best 
with 57% emergence followed by CIVT with 

Table 1. Grain yield responses (kg ha-') of pearl 48%, and Sador Local with 40%. There was no 
millet to fertilizer application and presowing cultiva- significant interaction between seed size and 
tion, ISC, Niger, rainy season 1985. sowing depth. 

No We sampled hills at 24 DAS to determine the 
Treatment fertilizer Fertilizer Mean number of secondary roots, hypocotyl length, 

Presowing cultivation 	 and shoot dry mass. Shoot dry mass measured in 
Plowing 253 706 480 g (5 hills) - I depended on the sowing depth and 
Ridging 173 772 473 was 2.85 g for I cm, 3.77 g for 3 cm, 3.92 g for 5 
Sandfighter use 125 393 259 cm, and 2.92 g for 7 cm. Large seeds yielded 5.11 
Control g, medium seeds 3.15 g, and small seeds 1.82 g. 
(zero tillage) 158 419 289 The number of secondary roots depended on the 

SE ±48.0 ±56.1 	 seed size; large seeds produced 3.5, medium 
seeds 3.1, and small seeds 2.9 roots seedling-'. 

Millet cultivar Among the cultivars, CIVT produced 3.4 roots 
3/4 HK 83 339 211 see(;ling-], Sador Local 3.2 roots seedling-', and 
C IVT 204 765 485 3/4 HK 3 roots seedling-'. 
Sadore Local 245 614 430 The results showed that the optimum sowing 

SE ±41.6 ±19.7 	 depth was between 3 and 5 cm, and that use of 

Mean 178 573 large seeds can result in more vigorous seedling 
development. The current method of hand sow-

SE ±24.0 ing results in many seeds being sown over a wide 

http:5.2�0.46
http:11.3�0.32
http:5.7�0.22
http:12.3�0.26
http:6.8�0.13
http:8.3�0.08
http:11.7�0.26
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range of depths. Well-controlled sowing depth 
could offer the advantage ofeconomy in seeding 
rate, and uniformity in seedling development.
The question of competition within a hill, bet-
ween large and small seeds in a common seed lot, 
needs to be examined to assess the advantages ofgrading. 

Cowpea-based Cropping Systems 


The principal objective of the cooperative cow
pea program between the International Institute 
of Tropical Agriculture (IITA), Nigeria, and 
ICRISAT at ISC is the adaptation and devel-
opment of cowpea cultivars with higher and 
more stable yields in both sole and intercropping
systems in the Sahel region. The major inter-
cropping system under study is pearl millet/ 
cowpea, the most prevalent cropping system in 
the region, particularly at the subsistence level. 

We continued the evaluation and search for 
adapted dual-purpose cowpea cultivars that have 
the capacity to produce vegetative matter and 
increased grain yield, since favorable combina-
tions ofcowpea dry fodder and pearl millet straw 
may provide good food for livestock. In addition 
to the 13 cultivars identified in 1984 on the basis 
of their ability to retain green leaves at pod
maturity, we identified 3 more this year from 
new breeding iines. The performance of selected 
cultivars is presented irnTable 3. These cultivars 
will be further evaluated for their adaptability to 
the traditional cropping systems. Their nutri
tional value will also be determined, 

Although vegetable cowpea is more adapted 
to growing in humid areas, some cultivars intro
duced to the dry Sahel have proved to yield
reasonably well ut the sandy soils at ISC. In the 
1984 drought year, in a preliminary test, their 
fresh pod yields ranged from 2300 to 7500 kg
ha-1, while in the 1985 cropping season the aver-
age yield of three harvests commencing 55 DAS 
ranged from 3400 to 9840 kg lha- in less than 70 

DAS. These cultivars can be useful early in the 

season before the principal cereal crop is ready

and are also ideal for market gardening, thus 

providing a of income for
source 'T',ers. In 

Table 3. Performance ofsome dual-purpose cowpea 
cullivars at ISC, Niger, 1985. 

-Yield (kg ha1) Green 
Cultivar Grain Hay retention' 

Trial 1
gT83S-755-1 
310 3460 
 5
 

ITVX 1948-OIF 780 3350 3
 
1T83S-878 550 2690 4
IT83S-725-15 700 2420 4
 
1T82D-872 1280 2160 4
 

SE ±128 ±360
 
Trial mean (16 entries) 700 1880
 
CV 32 33
 

Trial 2
 
rT83S-94r 900 2230 3
 
IT81D-994 220 2010 
 5
 
TVX 4059-03E 1600 2080 4
 
Vita 3 260 1610 4
 

Controls
 
TN3-78 520 1800 5
 
Local Sador6 - 3530 5
 
SE ±105 ±172
 
rrial mean (8 entries) 820 1920
 

2
 

I. Assessed on a l-5scale, where I =allleaves drop, 5=more 
than 95% leaves retained at pod maturity. 

2. - No grain yield. 

addition to contributing to the nitrogen status in 
the soil, their fodder yield is also substantial. 

Sowing densities and fertilizer. In the tradi
tional pearl millet/cowpea intercropping sys
tem, both pearl millet and cowpea are sown at 
low plant densities, with cowpea 2-4 weeks after 
pearl millet. Our research findings demonstrate 
that this traditional system can be intensified 
and made more productive by increasing the 
plant densities of the component crops, by an 
appropriate choice of cultivars for both crops,
and by the use of fertilizers, particularly phos
phorus. 



In 1985, we conducted an experiment with 
three fertilizer levels: no added fertilizer, half the 
optimum dose (22.5 kg N ha-', 10 kg P ha-', 6.3 

k, K ha-') and the optimum dose (45 kg N ha-1, 
20 kg P ha-', 12.5 kg K ha-'). Two pearl millet 
densities were used: the recommended density 

-
( 10 000 hills ha ' ) and the o p tim um (20 0 00 hills 
ha-1). Three inteicropping intensities were com-
pared to that of the sole pearl millet: 2500, 5090, 
and 10000 cowpea hills intercropped with tne 
pearl millet. 

The findings in an average raihfall ,ear (540 
mm) showed that fertilizer application signifi-
cantly (P<0.01) increased pearl millet yield but 

had no effect on the cowpea hay yields (Fig. 6), 
although cowpea is known to respond to an 
increase in soil phosphorus. Better growth of the 
pearl millet, the dominant crop in the intercrop, 
at the higher fertilizer level might have sup-
pressed the response of cowpea to applied ferti
lizer, light interception data collected when the 
pearl millet flowered showed increased light 
interception with added fertilizer. Higher cow-
pea intercrop levels were not associated with 
increased light interception. 

Pearl millet grain yield incrcased by 9% with 
higher pearl millet density, but the extra grain 
yield was overshadowed by a 38% reduction in 
cowpea hay yield at this density. Although cow-
pea hay yields increased significantly (P<0.001) 

24] 
20 
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Figure 6. Yield respopse or a 1 earl rtillet/cowpea 
intercropping system to three levels of fertilizer appli-

catit.n (level I=0; level 2 22.5 kg N, 10 kg P,and 6.3 
kg K ha'm; level 3 = 45 kg N, 20 kg P, and 12.5 kg K 
ha'), fSC, Niger, rainy season 1985. 
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Figure 7. Pearl millet grain and cowpea hay yield 
response (kg ha-') in apearl millet/cowpea intercrop
ping system to three cowpea and two pearl millet 
sowing densities, ISC, Niger, rainy season 1985. 

with increased amounts of cowpea in the inter
crop, this trend was significantly (P <0.05) 
reduced at the higher pearl millet density (Fig. 
7). 

Our findings demonstrate that intercropping 
late, hay-type cowpeas with pearl millet results 
in greater overall production. Gains achieved by 
so.. hng the pearl millet at the higher plant den
sity are offset by reduced cowpea hay yields. 
Therefore, an efficient productive cropping sys
tem would be to sow pearl millet at the near
optimal density level, and use cowpea to take 
advantage of any extra resources such as mois

ture in the system. The traditional practice of 

pearl millet with late cowpea 
to be a viable cropping system even 

tinder the more intensified pearl millet produc

system. 

Date and l)attern of sowing. In the traditional 
system cowpea is often sown after pearl millet. 
This practice, although dictated by the moisture 

status in the soil, leads to domination of cowpea 
by the pearl millet crop, leading to lower produc

tivity. To study the impact of sowing date on 
competition and yield, four cowpea cultivars 

were sown in pearl millet (10000 hills ha-I) on 
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systems to increase l)roduction, ISc, 1985. 

dilferent dates. The four ctltivars comprised an
extra-early-mattiring erect (IT83S-844), an tarlIN-
mafturing erect ( IT821)-7 16), an early-matwring
semierect (TVX 1-236), and a lat e-maturingspread-
ing (Sadorc iocal) type. [he first three ctltivars 

Traditional cowpea varieties (left) are largely ,preading, photosensitive, adapted to lowIate-ma(tUring, 	 plant populations,with a growing period consi(w-rably longer than the rainy season. Owing to thiir sensitivity tophotoperiod, flowering often coincides with the enl of the rainy season, rendering them highly ulnerable. Croplosses approach total failure in years of erratic rainfall. The improved cultivars (right) are early maturing andinsensitive to photoperiod. If planted simtiltan eotJsl, it is possibhle to harvest them I month before pearl millet.Research at IS( is exploring how Iest these imlprosed culfivars can be fitted into pearl millet-based cropping 

are among the best in the I I'A; ICR ISAT cow
pea program and the last isthe IccI variety. The 
cowpeas were sprayed twice with insecticides. 
Cowpea and pearl millet yields fron the three 
sowiig dates are presen ted in Table 4. The low 

Table 4. Grain yield (kgha-) of owpea and pearl millet front three sowing dates of cowpea, ISC, Niger, 1985. 
IF83',-844 IT82D-716 TVX 3236 l.ocal SadoreSowing treatment C' M C M C IN C M

Simultaneous 234 1070 377 1060 484 1040 342 
(1.40)2 (1.40)Cowpea 6 days after millet 	 (1.25)104 1320 197 1230 240) 1310 631 
(1.22) (1.22)Cowpea 25 days after millet 	 (1.21)- 1220 72 1510 80 112(0 1310 

Sole cowpea 376 - 603 
(1.22) (0.43)


- 932 
 -Sole millet 	 
- 1380 - 1380 - 1380 

I. 	 C =cowpea, M = pearl mille:. 
SE Millet yield over cowpea sowing dates 196. 
SE Cowpea yield over sowing dates 154. 

2. 	 Figures in parentheses are I.ERs. 



yield of IT83S-844 in both sole and intercrops 
was attributed to the high incidence of bacterial 
blight (Xanthomonas vignicola) to which this 
cultivar is susceptible. The three improved cow
pea cultivars reduced pcarl millet yields with a 
decreasing magnitude, with simultaneous sow
ing of Sador Local giving the greatest reduc-
tion. Sowing cowpea 25 days after pearl millet 
gave a near sole-crop yield of pearl millet, but 
resulted in low cowpea yields. In relative terms, 
he, wever, the greatest advantage with intercrop-

.. was associated with cowpea sown at the 
same time as pearl millet. 

We examined a number of sowing patterns to 
explore the potential of increasing cowpea yield 
without sacrificing pearl millet yield. In one 
experiment, three patterns including alternate 
rows, paired rows of bothl crops, and sowing in 
the same hill were examined. There w,, no :,,-
nificant difference in the yields of pearl millet in 
the three sowing patterns. 

In another experiment, three contrasting cow-
pea cultivars were sown at four spacings among 
an evenly spaced pearl millet crop of 10000 hills 
ha-'. Significant differences occurred among 
pearl millet yields, the best being obtained with 
IT82D-716 sown in the traditional system of 4 
plants in widely spaced hills (Table 5). Different 

Table 5. Grain yield (kg ha-) of cowpea (C) and 

pearl millet (M) from four sowing systems, ISC,
95

Niger, 1985. 	 _ _ 

IT83S- IT82D- Local 
844 716 6SadorC" 

Spacing of cowpea 

along pearl millet row C M i M C M 

I plant, 10 cm apart 205 1348 581 1092 --1867 
2 plants, 30 cm apart 210 1702 490 1205 -- 880 
3 plants, 50 cm apart 267 1661 501 1302 -- 907 
4 plants, 100 cm apart 114 1334 325 1825 - 850 

SE millet ± 148 

CV %24 

SE cowpea 34 

CV % 	 30 

1 - no grain yield produced. 
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spacing patterns with the local cultivar produced 
the lowest pearl millet yields. 

Animal Traction in Farming Systems 

In collaboration with ICRISAT, the Interna
tional Livestock Center for Africa (ILCA), 
Ethiopia, initiated two research projects in Niger 
in 1984. The first evaluated the productivity of 
livestock and its contribution to the farming sys
tems econoimy; the second, reported here, stu
died the role of animal traction in farming 
systems. 

Our objective was to evaluate the extent that 
animal traction can reduce labor requirements 
for pearl millet production. Various cultivation 
methods were studied to determine the best 
combination of the method of soil preparation, 
type of animal traction, and implements used. 
As in 1984, the traditional method of pearl millet 
land-cultivation was used as a control. The pearl 
millet CIVT was used with SS P (200 kg la-') and 
alcium aninoniuin nitrate ( 100 kg ha-I) ferti

lizer treatments. We used the sine hoe (: three
toothed cultivator) with donkeys and the Cana
dian cultivator with oxen to weed the crops. 

Figure 8 gives the labor inrttts for the different 

= Manka0 SE 

x = Oxen 
go~.,30- H - He Ifor 
-	 P = Plow 
; NiN NIkart 

2-
E__ 

" 

0 M1 D 2X IX 2X 2H 	 2X2H2X2H 
P P Ni NI 

Scraping Plouing Ridging 

Lond preparoion method 

Figure 8. Labor time (h ha-') required for three dif

ferent methods of land preparation (scraping, plow

ing, and ridging) using manual, donkey, oxen, and 
heifer power, and two implements (plow fnd Nikart), 
ISC, Niger, 1985. 
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cultivation methods tested. The labor require-
ment was markedly reduced by 80% of the nian-
uaiscraping time when the ox-drawn Nikart tool 
carrier was used for ridging, and by 45-49/( 
when a pair of heifers or oxen were used for 
Flowing. Compared to manual methods, the
reduction in labor requirement achieved with 
donkey traction was 14,j in 1984, when the soil 
was cultivated for the first time and required 
secondary weeding, and 60% in 1985. 

The tractive effort and power developed by 
the animals in each case (except for the ox-
drawn Nikart) are given in Table 6. The relative 
tractive effort, i.e., the ratio between sustained 
tractive effort and the mass of the implement, is 
15(,i for donkey-draft and 10-18"1 for ox-draft. 

Good rainfall this year resulted in better vicids 
thanin 1984, 640-116(10 kg grain ha-' and 1220-
1810 kg straw ha 1. Ihe tillage method did not 
significantly affect yield, thus the main advan
tage ofthe different cultivation methods was the 
reduction in the rcqunired labor iiputs. 

Alfisols in India 

Alfisols cover about one-third of the geographi 
cal area in the SAT. Characteristically, Alfisols 

are red, reddish brown, or yellowish brown in 
color with a clay content that increases with 
depth. The surface soils are usually sandy or 
loamy sand. They are the most widespread soils 
in the SAT, and have been the subject of much 
research. Many of the constraints that limit pro
duction are known; but as yet appropriate prac
tical solutions for subsistence farmers have not 
been found. Yields in farmers' fields are still very 
low. 

The major constraints are low water-holding 
capacity, low soil fertility, and poor structural 
stability of the surface soil. The latter causes 
freshly tilled soil to slump and form surface 
crusts, which restrict infiltration of rainfall and 
promote runioff and erosion. The poor surface 
structure also hinders emergence of seedlings, 
especially those of small-seeded crops. 

Component Research 

Drought and Intercropping 

The long period ofdroight during the 1985 rainy 
season provided a good opportunity to examine 
the validity of tile finding from line-source 
sprinkler experiments during the summer(Annual 

Table 6. Tractive effort (kn) and power (kw) deeloped hi draft animals for different methods ofcultivation ISC,
1985. 

Animal I 
Cultkaition I)ralt ike n ass 
inethod animnal(s) (kg) T ype 

Scraping I donke. 13i; .lSine te 
PI'oirg I ox 255 (anadiani 

cuLi atorScraping 2 oxen 533 11o%% 
Plow\ing 2 oxen 53.3 I'lo % 
Ridging 2 oxen 533 'low 
Plowing 2 hicilr 450 PIo\i 

Ridging 2 cieus 451 

Ahsoliite effiort 

a 
nas 
(kg) 

t racti lrt 
Rel- Ab-
aiel olutc2 S 1 

Sei e.erl 

(kill h1 ) S1 (k\) St| 

Plowing Row 
depth spacing 
(cimi) (cm) 

18 17.9 46.5 t3.9 2.8 t0 67 0.35 -t0.046 
32 10.8 58.0 -t0.5 3.0 t 0.14 0.46 -10.017 

17 
35 
35 
35 

12.0 
10,6 
10.3 
10.6 

(4.3 

56.3 
40.5 
47.5 

t± 16 
t 1.9 
- 2.7 
- 2.2 

2.9 
2.7 
2.1 
2.5 

W.21 
t±1.13 
!-0.30 
±1.26 

(.47 
11.41 
0.25 
0.31 

1.039 
-().023 
!0.036 
±0.035 

10 
tI 
8 
8 

25 
75 
26 
70 

1 Rc.lalie Mftol l 100 
I.I\C %%eight 

2. Ahsolute clor lorce recorded, 
3. Power = Force exerted on the plow (kn) - speed (s 1). 



Report 1981, pp. 257) that relative yield advan-
tages of intercropping increase with severity in 
drought stress. Results of pearl millet/ground-
nut intercrop (1:3) studies from 1978 to 1983 
gave yield advantages of only 8-31%, whereas 
this yeae's results are similar to the high values 
achieved in the line-source experiments (Table 7). 
We used pearl millet cultivars 13K 560 and 
groundnut Kadiri 3 in all experiments. This year 

we obtained data from a multidisciplinary pro-

ject initiated with pathologists in ICRISAT's 
crop improvement programs to relate crop micro
climate to the incidence of foliar diseases. The 
lowest intercropping yield advantages were re-

corded in 1981, the highest rainfall year. How-

ever, there was no consistent trend between total 
rainfall and intercropping advantaies. 

This year the high yield advantage (57%) is 
mainly due to the improved harvest index of the 
pearl millet intercrop (Table 8) and to a small 
in :tease in the yield of the groundntt intercrop. 
The total advantage in the combined dry matter 
produced by the intercrop (32%) is 4% greater 
than that recorded in previous years. The ex.'cp-
tionally low harvest index of the sole pearl millet 
is probably due to the greater drought stress 
during grain filling. The pearl millet intercrop 
suffered less drought stress because of its lower 
population, which produced about 70% of the 

Table 7. Intereropping advantages in grain yield
 
(LER)' of a 1:3 pearl millet/groundnut combination 

on an Alfisol, ICRISAT Center, rainy seasons 1978-

1985. 


Rainfall during 
Year growing period (mam) LER I SE 

1978 932 1.26 ±0.21 
1979 690 1.21 ±0.12 
1980 591 1.28 '0.13 
1981 1072 1.08 ±0.09 
1982 656 1.31 ±0.10 
1983 1022 1.28 ±0.11 
1984 591 -2 ---1We 
1985 448 1.57 ±0.12 

I. LER = .and Equivalent Ratio. 
2. --=No experinent. 
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Table 8. Grain yield, total dry matter, and harvest 
index of pearl millet, groundnut, and pearl millet/ 
groundnut intercrop on an Alfisol, ICRISAT Center, 
rainy season 1985. 

Grain Total Harvest 
ield dr matter index 

-I) )
(kg ha (kg ha-1 M 

Sole pearl millet 1230 6100 20.3
 
Intercrop pearl millet 850 2990 28.8
 

SE ±48 ±182 ±1.5
 

Sole groundnut 930 2860 32.6 
Intercrop groundnut 820 2380 34.7 

SE ±64 ±102 ±1.6 

sole crop grain yield. Comparison of the leaf 
area index (I[AI) and the dry matter accumula
tion during the season, of both sole crops with 
average results from 1978 to 1980, clearly showed 
that pearl millet suffered from terminal drought 
stress and that growth of groundnut was very 
slow from 50 DAS onwards (Fig. 9). 

The 1985 results supported the finding from 
the line-source intercropping experiments and 
confirmed that relative yield advantages are 
greatest in drought years. 

Tillage 

Primary tillage in the SAT is mainly intended to 
break open the soil surface to enhance rainfall 
infiltration. Tillage experiments on Alfisols, 

conducted in the past have shown that an inten
sive primary tillage perfor iled by splitting the 

bed with a ridger followed by two strip plowings 

with right- and left-hand moldboard plows (split
strip plowing) increased infiltration. But at the 
same time this operation inverted the soil and 
thus tended to aggravate the problem of crust
ing, which in turn enhanced runoff and soil loss. 

compared the noninverting primary til
lage with conventional split-strip plowing to 

determine their effect on water-holding charac
teristics of surface soil. The experiment was 
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Figure 9. Dry maier production (TDM, g M- 2 )and leaf area indices (LAI) of sole pearl millet (aand b)and solegroundnut (c and d)on Alfisols, ICRISAT Center, rainy season 1985 and on an average of three years (1978-1980). 

organized in a randomized-block design and loosening of the soil. The depth ofshallow tillagerepeated thrice ona medium Alfisol during 1985. by cultivator ('13) was about 5 cm and it simu-Two of the experiments weie conducted during lated the soil conditions produced by traditional 
summer with nine replic'tions and without any practice. In the first and second experiments, the crop. The third experin'. r,. ,'as conducted in the fields were irrigated to saturate the surface layerrainy season, with six repiieions and sorghum of the soil. During the first experiment, there was
 as the test crop. The primary tillage methods a 26-day period without rain. In the second
 were as follows: experiment, atotal of51 mm rain fell between 30 

March and 6 April 1985. The third experimentT, = tillage with shovels, T, = chisel plowing at was conducted in the rainy season and dependedcrop rows followed by shallow tillage with a on monsoon rain only. About 64 mm rain fellcultivator, 13 =shallow tillage with acultivator, during 2days before observations began on 31and T, = splitting the bed with aridger followed July. Another 23 mm rain fell between 2 and 16by two strip plowings with a moldboard plow. August and 60 mm between 24 August and 12 
November. For the remainder of the experimentAll the tillage methods were noninverting no rain fell. 

except T 4 (split-strip plowing, 10-cm deep). The The water held in surface soil (0-20 cm) and itsshovels (1',) broke and pulverized the soil to a depletion with time followed a similar trend.depth of 10 cm. The chisel plow (T2) penetrated Among all the three experiments during theto a depth of 15 cm and resulted in minimum entire period, water held in the surface layer was 
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most in the shovel-tilled and least in the chisel- lems encountered with both systems were high
tilled plots. The differences in soil water content runoff and soil loss. It was found that the 0.8% 
under different tilled treatments were statisti- slope is too steep for Alfisols.
 
cally significant (P <0.05) at field capacity. By 
 Since 1980, we have tested and compared vari
the time the water content had decreased to ous land surface configurations at several slopes.
about half the field capacity, the differences were The systems compared include flat on grade, flat 
no longer significant. This implies that shovel on grade plus ridging during last intercultiva
tillage provides for a good water-holding capa- tion, narrow ridge and furrow (75 cm), broadbed 
city at the wet end of the moisture characteristic and furrow, wave-type bed and furrow, and 
curve. In general, the rate of water decrease was wave-type bed and furrow plus additional small 
greater in the cropped than in the noncropped furrows. The cross sections of these land surface 
experiments. The amount of water loss from all configurations are shown in Figure 10. For 
the treatments was similar. Further experiments Alfisols at ICR ISAT Center, the most appro
are planned to confirm these findings. priate slope was found to be 0.2-0.4%. Among all 

the land configurations we tried with general 
land slope less than 1.5%, the flat-on-grade sys-

Runoff and Erosion tern was the most effective in reducing runoff 
and soil loss (Table 9).

Experiments aimed at developing appropriate We found several factors responsible for the 
land surface configurations for Alfisols have poorer performance of the raised land surface 
been conducted at ICRISAT Center since 1976. configurations in controlling runoff and soil 
Our main objective was to develop a land and loss. Smoothing the land surface after storms 
water management system for Alfisols, that was found to be much luicket in the raised land 
increases and stabilizes agricultural production surface configuration, resulting in less surface
by improving the moisture environment for crop depression storage. The raised land surface con
growth. A controlled runoff, causing an increas- figuration exposed the lower argillic soil horizon 
ed infiltration and a decreased soil loss was part during the shaping process. This horizon has an 
of this objective. During the first 4 years (1976- extremely low initial infiltration. The broadbed
79) our main attention was given to a compari- and-furrow configuration (Fig. II a) has about 
son of the flat-on-grade and broadbed-and- 30-35% of its total area in the furrow where the 
furrow systems at 0.8% slope. The performance initial infiltration rate is only half that of the top
of these systems was evaluated in replicated soil surface (Fig. IIb).This results in lower over
field-scale plots (0.3-0.4 ha). The major prob- all infiltration from the broadbed-and-furrow 

Table 9. Effect of alternative land surface configurations on crop yield, runoff, and soil loss on an Alfisol, 
ICRISAT Center, 1981-85. 

Crop yield (kg ht-') 

Intercropping system Sole crop Runoff Soil loss 
Land treatment Sorghum Pigeonpea Pearl millet (am) (t ha-1) 
Broadbed and furrow at 0.4% slope 2740 830 2762510 3.06
Narrow ridge and furrow at 0.4% slope 2910 870 2620 233 2.41
Flat on grade at 0.4% slope 2960 880 2760 152 1.60 
Flat on grade at 0.4% slope plus ridging 
up during last intercultivation 2880 840 2560 170 2.10
 

SE 
 t121 ±65 170 ±21.2 ±0.213
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Flat on grade 

Flat on grade plus ridging up 
during last intercultivation 

Land surface configuration 
after ridging up 

Narrow ridges and furrows 
II 

at planting 

Broadhed and furrow 

Wave-type bed and furrow 

Wave-type bed and furrow 
with additional small furrows 

150 cm
 

Figure 10. Schematic cross sections of different land surface configurations.
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a. from land configurations are counteracted by
Original soil surface the extremely low surface deprssion storage, 

555 p 95 . : and other problems which result both from turn

-argillic horizon in the furrow zone. Therefore, 
150~for Alfisols with moderate slopes, the flat-on

grade configuration is probably most effective 
both in increasing crop yields, and in reducing 
runoff and soil loss. The second best land con-

Ie . n-t IS-cm dapth I. figuration with respect to crop yields is the nar
\-.At ,urface row ridge and furrow configuration (Table 9). 

-,. Vertisols in India 
4-
L. 9, Vertisols, better known as Black Cotton soils or 

osE Cracking Clays, cover extensive areas (about 73-i "-million hectares) in India. The most important 

L - - ----- 5EI o attribute of these soils is teir ability to store a 
-a large amount of water, sufficient for the growth 
Cof crops such as sorghum, safflower, and chick

000 1 4s. pea sown at the end of the rainy season. Post-
Time (mi n) rainy-seLson cropping was the traditional land 

use of deep Vertisols in India; during the rainy
Figure ll.a. Dimension ofbroadbedandfurrow(all season they were left unused, under a bare 
measurements in cm). b. Infiltration characteristics fallow.
 
determined by double ring infiltrometer, Alfisol On the deep Vertisols where ninfall is assured,
 
watershed, ICRISAT Center, postrainy season 1980. systems for double-cropping -which involves
 

growing a crop in the rainy season prior to one in 
tho post rainy season have been developed since 

system than the flat-on-grade system. - he other the inception o; ICRISAT. Key elements in the 
raised land configurations also have lower over- improved systems have been the preparation of a 
all infiltration than the flat-on-grade system. In a good seedbed during the hot and dry summer, 
permanent raised land surface configuration sys- dry-sowing crops just before the arrival of the 
tern (where the land form is maintained over rainy season, improved cultivars and cropping 
several seasons) we found the compaction in svstems, nutrient inputs, land and water man
furrows partially responsible for higher runoff. agement practices to promote both infiltration 

The other factor which is responsible for and drainage of excess surface water, and good 
higher runoff from the raised land surface con- agronomic practices such as sowing in rows, seed 
figurations is the kind of tillage implements used and fertilizer placement, weed control by inter
to form the confiu,urations. In raised land sur- cultivation, etc. These elements were developed 
face configurations, the soil from the argillic at ICRISAT Center, in detailed component 
horizon (which contains a lot of clay and silt) is research followed by operational-scale testing of 
brought to the surface during construction. This promising combinations of components on small 
results in problems of crusting, sealing, and watersheds at ICRISAT Center. 
higher runoff. Thus in raised land configura- Over the past 5 years, the double-cropping 
tions, the expected benefits from high infiltra- system has been tested in firmners' fields. We 
tion rate and reduced velocity of overland flow established three benchmark sites, in 1980 and 
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198 1, to gain first-hand experience of the prob-
lems likely to be encountered with on-farm test
ing. Subsequently, many other sites have been 
established by national programs, who will be 
the major institutions or agencies responsible for 
cond icting the app'opriate development research 
to test and improve the various options of' the 
doable-cropping technology in the varied sub-
environments within our target area. 

This year, our on-farm testing encompassed 
the final phases of studies at two ofthe original 
benchmark sites, and the initial phase of colla-
borat ive on-Farmborativc l-I' nationalresearch O withI ll'-A pro-
grans to improve the performance of soni e 

cominponenit s. 

Technology Transfer 

On-farm Testing of Improved Systems 

In 1984, we continued to test the Vertisol double
cropping technology for the 3rd year at two 
benchmark locations: at Farhatabad (730 min 
rainfall) in Karnataka and at Bcguinlganj (1400 
1n1in rainfall) in Madiva IPradesh. The l)epart-
nients of Agriculture in on r five collaborating 
States Andlira lradesh '.:irnataka, Mahara
shitra, Madhya Pradesh, and Tamil Nadu 
increased the number of their on-farml testing 
sites to a total of 40 (Fig. 12). 

Beguniganj (Madhva Pradesh). In 1984, the 
total rainfall ( 1308 imin) was slightly lower than 
the long-term average (1400 nim), but tile 
dou ble-croppiiigtechnhologyagain demonstrated 
its potential for higher returns than the farmers' 
traditional single-cropping system (Table 10). 
Soybean; pigconpea intercrops again gave good 
returns. This double-cropping system has con-
sistently yielded profits above Rs 2300 ha-I oei 
lie past 3 years, in contrast to an average profit 

-of less than Rs 700 hia from tie traditional 
single post rainy-season crop. Other soybean-
based double-cropping syslms also sho\\ed 
their potential to perform well, but not consis-
tently. 

Encouraged by the results, farmers increased 
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Figure 12. Locations of on-farm sites in India where 
ICRISAT Vertisol double-cropping technology was 
tested, 1984/85 (+ = ICRISAT trials; * National 
Program trials). 

the area in our study watershed sown to a soy
bean pigconpca intcr,'rop From 12', of the total 
area in 1982 '83 to 65% in 1983/84. 

The traditional single crop of wheat grown 
after a rainy-season fallow, was less profitable 
than other single post rainy-scason crops, such as 
lentils and linseed. A sole crop of soybean, 
grown in tie rainy season, was more profitable 
than wheat. 

S ovbean andiVi~onpea yields and profits var
led widely between fields in both 1983/84 and 
1984 85 postrainy season. The caiseS of this 
variation iierit further study; better agronomic 
practices iiiight give higher ,nd n,.)rc stable 
yields. Some of the reasons for poor yields and 
low profits have already 'wcn identified. 

I)r-sowin g crops just before the arrival of the 
southwest monsoon was 1not so successful at 
Begurnganj as at ICRISAT Center. Soybean 
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Table 10. Value of Inputs and gross profits(Rs h-i)from various Improved and traditional cropping systems on a 
deep Vettisol at Begumganj, Madhya Pradesh In three seasons 1982/83 to 1984/85. 

Season 

1982/83 1983/84 1984/85 

Land Gross Gross Gross 
Cropping system treatment' Inputs profits Inputs profits Inputs profits 

Improved Watershed 

Improved cropping systems (double-cropping) 
Sorghum,'pigeonpea BBF 1450 1876 - -. 
Soybean/pigeonpea BBF 4099 3318 2310 2726 1294 2983 
Soybean/pigeonpea FG - - 2172 2335 1090 2818 
Soybean/pigeonpea FF - - .. 1267 2976 
Soybean-wheat BBF-FG 677 -33 2261 3117 1733 1035 
Soybean-chickpea BBF-FG 3303 295 2532 2345 ... 
Soybean-lentil BBF-FG 3410 3215 - -- 1519 687 
Soybean-linseed BBF-FG 2476 696 ... -

Improved single crop (in rainy season) 
Soybean-fallow BBF - - 1056 808 
Soybean-fallow FG -..... 791 802 
Soybean-fallow FF .- 980 1345 

Traditional single crop (in postrainy season) 
Fallaw-wheat FG . - - 490 463 
Fallow-wheat+chickpea FG - - - 622 344 
Fallow-lentil FG . - - - 488 682 
Fallow-linseed FG - - - 501 1294 

Traditional Fields 

Improved cropping systems (double-cropping) 
Soybean! pigeonpea TRD - - 1497 3087 1497 3000 
Soybean-wheat TRD -  1488 2400 - -
Soybean-chickpea TRD - - 1781 2909 - -

Improved single crop (in rainy season) 
Soybean-fallow TRD 963 534 -  894 655 

Traditional single cropping system (in postrainy season)2 

Fallow-wheat TRD 962 370 914 401 465 306 
Fallow-chickpea TR D 920 344 937 728 - 
Fallow-lentil TRD 741 1680 - - 419 755 
Fallow-lineed TRD 664 796 - - 313 
Pigeonpea (sole) 3 rR D 474 1708 

868 
. - 

= Broadbed and furrow; FG HatI. BBF H on grade (or furrow on grade); FF = Furrow on flat; TRD = Traditional. 
2. Oui .ide the improved watershed management area. 
3. Single crop spanning both seasons. 
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germination was poor on some farms in 1982 
and 1983, and we therefore discontinued dry 
sowing in 1984. 

The postrainy-season crop is less assured after 
a soybean crop in the rainy season. During 1984, 
because of lack of moisture in the seed-bed soil, 
the majority of the fields sole-cropped with 
soybean in the rainy season could not be sown to 
a subsequent postrainy-season crop, or the sown 
crop failed. But in 1983, all the fields sole-
cropped with soybean were successfully double-
cropped, the second crop being either wheat or 
chickpea. 

The broadbed-and-furrow (BBF) land man-
agement system, which provides improved drain
age for waterlotging-sensitive crops such as 
cereals, does not appear to be necessary for 
rainy-season soybean. Excess surface water ap-
pears to be adequately drained from the land by 
a simpler land drainage treatment such as 
furrow-on-grade (with a distance of about 3 in 
between furrows) in combination with land 
smoothing, waterways, and drainage channels. 

Farhatabad (Karnataka). Farhatabad in Kar-
nataka has an average annual rainfall of only 730 
am, and is considered to be outside the area for 
reliable double-cropping. -or this reason, it 
provides a useful benchmark site for testing the 
robustness of the double-cropping technology. 

In 1985, total rainfall at Farhatabad was 539 
am, well below average. The southwest mort-
soon arrived only on 12 .1luly, leaving little time 
to sow sequential double-cropping systems, and 
the intended sorghum/ pigeonpea intercrop. The 
latter was replaced by some farmiers with a pearl 
millet/ pigeonpea intercrop. M ung bean ( Vigna 
radiata)gave low yields (87 kg ha-') because of 
the late sowing. Many farmers preferred not to 
attempt a rainy-season crop, but instead bare-
fallowed the soil in preparation for a traditional 
crop of postrainy-season sorghum, 

Despite the marginal environment at Farha-
tabad for double-cropping, farmers have been 
keen to experiment with it. Over the last 3 years, 
double-cropping gave them an average increase 
of 45% in gross profits above the traditional 
systems of mung bean-sorghum and sole pigeon-

pea cropping, and a 31% increase above the 
fallow-sorghum system. The highest economic 
returns over i 3-year perizd were obtained from 
a sesamum ('r',;samum indica)/pigeonpea inter
crop sown in 2:2 row arrangement; that gave a 
gross return of Rs 6620 ± 1830 ha-'. A ground
nut/ pigeonpea intercrop (2:2 ratio) gave a return 
of Rs 5178 ha-t, and sole pigeonpea gave Rs 4430 

.± 711 ha- 1 Fallow-sorghum gave only Rs 1830 + 
751 ha-'. Input costs were lowest for fallow
sorghum (Rs 736 ± 76 ha-'). 

Planter 'resting 

In cooperation with the Central Research Insti
tute for Dryland Agricultu;e (CakIDA), Hyde
rabad, we evaluated the perfurmance of a 
planter-and-fertilizer applicator in farmers'fields, 
at their Operational Research Watershed at 
Clvelfa, 85 km northwest of ICRISAT Center. 
We also tested the Agribar tool carrier (ICRI-
SAT Annual Report 1984, p.276) fitted with a 
three-row hand-metered sowing attachment, and 
three machines developed by CRIDA, two ver
sions of a three-row hand-metered seed-and
fertilizer drill (Rayal and Ecnati gorrus), and a 
single-row hand-metered unit called the FES13O 
(fertilizer seed pora) plow. 

We sowed a sorghumi/ pigeonpea intercrop in 
wet Vertic Inceptisols after rain on the previous 
day. All the five machines performed satisfacto
rily. In the 1985 rainy season, little rain fell dur
ing the first 3 weeks after sowing, and the 
weather remained generally dry during the entire 
cropping season. 

During the sowing operations, we measured 
the pull requirements of the implements (Table 
I I) and found they did not differ significantly. 
The planter-and-fertilizer applicator, Agribar, 
Rayal gorru, and Eenati gorru had similar field 
capacities, ranging between 0.16 and 0.20 ±0.018 
ha h-1 (Table II). The FESPO plow had a field 

-capacity of only 0.10 ha h0, primarily because it 
sowed only a single row compared to the three 
rows sown by the other machines. The amount 
of time spent in turning and furrow-opener 
cleaning was similar for all these machines. 
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Table 11. Field performance of different sowing machines at Chevella watershed, rainy season 1985. 

Pull requirement Actual field capacity Labor requirement 
Treatment (N) (ha h-I) (man-hour ha-1) 

Planter-and-fertilizer applicator 1210 0.20 10.0 
Agribar 1060 0.18 21.6 
Rayal gorru 880 0.17 23.6 
Eenati gorru NRI 0.16 24.4 
FESPO plow 1040 0.10 30.0 

SE ±81 ±0.018 ±1.51 

I. NR = Not recorded. 

The sowing machines differed markedly in remaining seeders may be due to seed distribu
their labor requirements. The planter-and-fer- tion by hand metering. 
tilizer applicator could be operated by only two We aimed at a plant popu-ation of 120 000 
persons, the FES1PO plow needed three persons; sorghum plants ha-' and 60000 pigeonpea plants 
but the Agribar, and the Rayal and Eenati gor- ha-'. A sorghum plant population close to this 
rus needed four persons each. The planter-and- was obtained by the planter-and-fertilizer appli
fertilizer applicator is the only machine that has cator and Eenati gorru (Table 12). For pigeon
the additional advantage of a seat for its driver, pea, the planter-and-fertilizer applicator, Agri-

The effect of the sowing machines on plant bar, and Eenati gorru gave plant populations 
population and distribution of sorghum and close to the desired figure. The Rayal gorri and 
pigeonpea crops is given in Table 12. We record- FES PO plow gave rather high stands for pi
ed plant counts and spacings at three 7.5-M 2 geonpea. 
locations in each plot. The uniformity of crop During this relatively dry cropping season in 
establishment is highest for ilhe planter-and- 1985/86, drought reduced the population of 
fertilizer applicator. The higher variability of the sorghum by 30-50% between establishment and 

Table 12. Effect of sowing machines on sorghum and pigeonpea plant population and yield at Chevella watershed, 
rminy season 1985. 

Type of sowing machine 

Planter-and
fertilizer Rayal Eenati FESPO 

Crop applicator Agribar gorru gorru plow SE 

Initial plant population 
(103 ha-') 

Sorghum 
Pigeonpea 

116 
67 

99 
60 

66 
106 

119 
68 

I00 
113 

Standard deviation of 
number of plants 
per 7.5 m2 

Sorghum 
Pigeonpea 

11.0 
9.5 

20.4 
25.2 

15.9 
37.3 

18.5 
18.3 

27.3 
35.4 

Final plant population 
(102 ha-') 

Sorghum 
Pigeonpea 

79 
63 

62 
58 

41 
97 

56 
60 

61 
96 

Yield (kg ha-') Sorghum 2530 2400 2480 2510 2460 ±182 
Pigeonnea 500 370 430 440 460 ±62 



Ce

a 	 !c 

*.-Sowing equipment tested at Chevella water
shed, rainy season 1985. 

1b; 
a. 	 Four-row mechanical planter-and-fertil

izer applicator. 
b. 	 Agribar tool carrier fitted with a three-row 

hand-metered sowing attachment. 
c. 	 Eenati gorru. 
d. 	 Rayal gorru. 
e. 	 FESPO plow developed by CRIDA. 
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harvest stage (Table 12) which masked possible of soi'ghum to fertilizer-N was quite small (Fig. 
treatment differences in grain yield. A final plant 14). The agronomic efficiency was low [16 kg 
population as low as 41000 plants ha-' in the sorghum grain (kg N)-'] even at low rates of 
Rayal gorru treatment gave almost the same applied-N (up to 60 kg N ha-'); on a shallow 
yield as 79000 plants ha-' from the planter-and- black soil, the sorghum responded much better 
fertilizer applicator, as the same rate of fertilizer-N gave an agro

nomic efficiency of 35 kg grain (kg N)-' in 1984 
(Fig. 13) A deep Alfisol, with 900 mm rainfall 

Component Research (in 1981) gave the high agronomic efficiency of 
fertilizer-N of 37 kg grain (kg N)-' from an appli

Fertilizer-N cation of 60 kg fertilizer-N (Fig. 14). 
The recovery by the crop of fertilizer-N ap-

In 1985, our joint ICRISAT/IFDC research plied in different carriers on the shallow black 
project continued its studies on the efficiency of soils (Vertic Inceptisol) in '983, and on a deep 
nitrogen fertilizer applied to rainfed sorghum on Vertisol in 1982, has recently been determined 
shallow soils, and we studied in detail the effect with the completion of 15N analyses. Rainfall 
of applying fertilizer in bands on sorghum. The between sowing and harvesting of CSH 6 sor
completion of N analyses on soil and plant sam- ghu. differed markedly in these 2 years; it was 
ples from earlier experiments allowed assess- 550mmin 1982,and9l0mmin i983. Theresults 
ments to be made of the recovery of fertilizer-N. (Table 13) show that or the deep Vertisol under 

In 1983, we observed that-on a shallow black average rainfall, the total recovery of fertilizer-N 
soil (Vertic Inceptisol) with above-normal June- in crop and soil was high, and that all the carriers 
September rainfall (910 mm)-the crop respon- tested were of similar effectiveness. But, on the 
ded to applied-N almost linearly up to 120 kg N shallow black soil, under high rainfall, fertilizer
ha-' (Fig. 13). In contrast the yield response to N recovery by crop and soil was low (< 70%) 
fertilizer-N in 1984 reached a maximum beyond indicating substantial losses of about 30-40%. 
80 kg N ha-'. Losses were greater from nitrate-carrier (40%) 

On the shallow red soil, in 1984, the response than from urea (29%) or nitrophosphate (30%); 

S600. ---.- 1983 6000- - .1981
 
S41100 -- 1984 i 5400.----1984
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1983 y = 602 + 20.8x R = 0.996, rse 90 1981 y = 1980 + 45.2x - 0.137x 2 R = 0.99, rse = 106 
1984 y = 1250 + 47.Ox - 0.241x 2 R = 0.90, rse =304 1984 y = 1610 + 28.4x - 0.215xV R = 0.82, rse = 179 

Figure 13. Nitrogen response curves for grain yield Figure 14. Nitrogen response curves for grain yield 
of sorghum grown in the rainy season on a shallow of sorghum CSH 6 grown in the rainy season on a 
black soil (Vertic Inceptisol), in 1983 and 1984, ICRI- deep red soil (Alfisol) in 1981 and shallow red soil in 
SAT Center. 1984, ICRISAT Center. 
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Table 13. Recovery (%)of fertilizer-N applied in different carriers to sorghum CSH 6 on a Vertisol in 1982 and a
Vertic Inceptisol in 1983, ICRISAT Center, rainy season,. 

Vertisol (1982)1 Vertic Inceptisol (1983)'
 
N carrier Plant Soil Total Plant Soil 
 Total
 
Urea 
 56.2 35.0 91.2 36.3 34.6 70.9
Potassium nitrate 66.1 25.6 91.7 34.8 23.4 

Nitro-phos2 

60.6 32.5 93.1 
58.2
 

4 29.7 40.5 70.2

USG 3, 57.2 26.9 84.1  -
Ammonium nitrate 55.0 31.8 86.8 -

-

 -
SE ±3.2 ±3.1 ±3.0 +1.0 ±2.0 ±1.4 

I. Rainfall during the crop season was 550 in 1982, and 910 mm in 1983.mm 
2. Ammonium-nitrate-phosphate (20-20-0) 
3. Urea super granule (approximately Ig granule-')
4. Recovery calculated from basal dose, others are average recovery from basal dose and top dress dose. 

4000- TOm we assume that the cause was leaching of nitrate
-------.
a Stolk N from this shallow black soil by the heavy .... rainfall in 1983. 

0 In previous years, our results indicated that 
3000 ""fertilizer bands need not be placed 5 cm away

from the seed row, but could be located within 
the seed row without harming the crop. Fertil
izer placement within the seed row obviates the- . = need for a "double-shoe furrow-opener", thus 

a,. . reducing the pull force (draft) of seeding equip- .2000. ment. 
_! .This year we examined the effect of the dis>_ tance of the fertilizer band from the seed row of 

0 ................... ........................... ......................................................... 
 BJ 104 pearl m illet in a shallow red soil. The -0fertilizer bands were placed 0, 5, 10, 15, and 20 
cm from the seed row, and the rates of fertilizer 
were 40 kg N ha-' (as urea) and 26 kg P ha-' (as 
single superphosphate). All treatments were ap

0 1 plied at sowing. In the early growth stage, the s ,0 is 2'0 vigor of the crop was inversely proportional toFer ii zer band di s-,nce distance of the fertilizer band from the seed row. 
from seed row (cm) 
 That trend lasted up to harvesting, as shown byTDM y = 3516 - 55x r = 0.91 rse = 190 the yields in Figure 15.
 

Stalk y 2284 - 42.2N r 0.94 rse= 116
 
Grainy= 1232 - 12.8N r =0.67 rse =99
 

Figure 15. Effect of fertilizer band distance from Crop Rotation 
seed row on dry matter yield of pearl millet (BJ 104) 
on ashallow red soil (Alfisol) ICRISAT Center, rainy To provide information on the best combination 
season 1984. of improved legumes and nonlegumes for sustain
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ed productivity and maintenance of soil nitrogen 
status, we started a long-term rotation experi-
ment on deep Vertisols at ICRISAT Center in 
1983. This development followed logically from 
the results of earlier studies that showed double-
cropping is feasible on deep Vertisols, and that 
many combinations of two crops yielded well. 
However, most of this previous work examined 
the yields of various cropping systems only in a 
single year. The sustainability of these annual 
cropping systems, and their various combina-
tions required an experiment comparing various 
sequences of annual cropping systems over many 
years. 

The experiment compared 10 different crop-
ping patterns using a 2-year period for the stand-
ard length of a rotation (Table 14). Some treat-
ments involved continuous cropping to an annual 
system. Others involved an alternation of annual 
systems; for these, we duplicated the treatment 
so that each annual phase of the rotation could 
be examined every year. This increased the 
number of treatments fron 10 to 15 (Table 14). 

The annual cropping systems were based on 
just 7 crops that yield well on deep Vertisols. 

They consisted of 3 rainy-season crops-sorghum 
(CSH 6), cowpea (EC 6216), and mung bean 
(S 8); 3 postrainy-season crops-sorghum (CSH 
8R), safflower (Manjira), and chickpea (Anni
geri); and one that spans both seasons-medium
duration pigeonpea (ICP 1-6). 

These 10 different cropping patterns provide 
two different general types of comparisons; tra
ditional veisus improved crepprig systems, and 
systems with differing proportions of legumes: 
nonlegumes. The traditional cropping systems 
consist of a single crop each year, grown in the 
postrainy season after a rainy-season fallow. The 
improved cropping systems involve double-crop
ping by growing crops in the rainy as well as the 
postrainy season. The most N-depleting systems 
were expected to be treatments I (fallow-sor
ghum) and 4 (sorghum-safflower), and the least 
depleting to be treatments 8 and 9 (sorghum
chickpea alternating with a sorghum/pigeonpea 
intercrop), 10 and II (cowpea/pigeonpea alter
nating with sorghum-safflower), and 2 and 3 
(fallow-soighum alternating with fallow-chick
pea). 

The responses of rainy-season sorghum to N 

Table 14. Crop combinations used in the long-term rotation experiment, started on a deep Vertisol, ICRISAT 
Center, 1984. 

Cropping systems 

Treatment Ist year 
,lr, Traditional Fallow-sorghum 
T2 Fallow-sorghum 
T3 Fallow-chickpea
T4 Improved Sorghum-safflower 
T5 Sorghmn-chickpea 

T, Sorghum/pigeonpea
T7 Mung bean-sorghum 
T" Sorghum/pigeonpea 
T" Sorghum-chickpea
T " Sorghum-safflower 

T" Cowpea/ pigeonpea 
T,. Sorghum-chickpea
T13  Sorghum-safflower 
T14 Sorghum-safflower 
T15 Sorghum/pigeonpea 

2nd year 

Contiduous 
Fallow-chickpea 
Fallow-sorghum 
Continuous 
Continuous 

Continuous 
Continuous 
Sorghum-chickpea 
Sorghum-pigeonpea 
Cowpea-pigeonpea 

Sorghum-safflower 
Sorghum-safflower 
Sorghum-chickpea 
Sorghum-pigeonpea 
Sorghum-safflower 
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in 1984 (Fig. 16) show very clearly the markedly 
different residual effects of the cropping systems
in the previous year; especially important was 
the effect of the proportion of legume in the 
previous year. Sorghum attained grain yields 
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1983/84 	system 


C/PP S y = 3420 + 17.0x - 0.072x 2 R =0.48 

S/PP S y = 2790 + 32.8x - 0.175x2 R =0.81 

S-CP S y =2200 + 34.8x - 0.136x' R =0.97 

S-SF S y = 1360 + 47.7x - 0.194x2 R =0.95 
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b. 	Sorghum intercropped with pigeonpea 
1983/84 system 
S/PP S/PP y = 2760 +30.5x - 0.153x2 R = 0.84 
S-CP S/PP y = 1860 + 44.9x - 0.229x2 R = 0.94 
S-SF S/PP y= 1110 + 60.4x - 0.264x 2 R= 0.95 

rse = 187 

Figure 16. Effect of cropping system grown in 
1983/84 season on response of rainy-season sorghum 
grain yield (kg ha-') to fertilizer-N in 1984/85, grown 
as a. sole crop, and h. intercropped with pigeonpea, 
Vertisol, ICRISAT Center, 1985 

about 4300 kg ha-' in all treatmeats when ade
quate fertilizer-N was applied; in the absence of 
fertilizer-N, grain yields were as high as 3500 kg 
ha-' after the double-legume intercrop (cowpea/
pigeonpea) and as low as 1400 kg ha -' after a 
double-nonlegume sequential crop (sorghum
safflower). The legume-nonlegume combinations 

intermediate yields-sorghum/pigeonpea 
(2800 kg ha-1) and sorghum-chickpea (2200 kg 
ha-'). The results shown in Figure 16a are for 
sorghum grown as a sole crop in the 1984 rainy

similar results were obtained when sor
ghum was grown in a sorghum/ pigeonpea inter
crop (Fig. 16b). 

These results indicate that the inclusion of one 
legume crop in the double-cropping system in 
1984 gave aresidual effect equivalent to 15-40 kg 
of fertilizer-N ha-'; and that N uptake by the 
sorghum increased by 11-22 kg N ha-'. 

Postrainy-season crops were markedly affected 
by the previous crop or sequence of crops. An 
early indication was provided by safflower. In 
the initial year (1983), safflower after a rainy
season crop of sorghum gave a strong response 
to 	fertilizer-N inputs, in line with other results 
obtained previously at ICRISAT Center(ICRI-
SAT Annual Report 1983pp. 258, 19 84pp. 260). 
And, in 1984, a range of different cropping sys
tems produced somewhat similar low yields 

-
(350-630 kg Iha')without added fertilizer-N, but a range of good yields (900-2450 kg ha-') with the 
maximum rate (120 kg N Ila-') of fertilizer (Fig. 

17). The responses, however, did not conform to 
our expectations based on legume-N inputs; thelwslowest response to added-N occurred in thecropping system without legumes (sorghum

safflower -- sorghum-safflower). 

These initial results strongly suggest that 
comparisons of the residual effects of the various 
legume versus nonlegumc crops should involve 
not only nitrogen, but also the importance of 
water use by each crop in the various sequences. 

Primary Tillage 

Many Vertisols have poor physical characteris
tics when wet; these include low infiltration rate, 
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and poor aeration, poor trafficability, and work-
ability. We therefore, initiated an experiment 
to measure the long-term effects of different til-
lage practices and soil amendments primarily 
designed to alleviate physical constraints, 

Various tillage treatments, described in Table 
15, were applied during the subsequent post-
rainy season (in early 1983). A sequential crop-
ping system of maize (DH 103)-chickpea (Anni-

S~- 5--s-sleast 

" "reduced 

Wlow-
:PC 

Sw 

LO 0 I ]
;0 io 

Nlitrogen (kg ha-I) 

a. 	 Previous cropping system 1983/84 
S-SF y=690+20.5x-0.099x2 R=0.58 

.S-Fb. 
7 s. ..-.-.----S/PP 5-F5-5F 

20--00..
% os-CPS-sF 

,s. - - - - - - - 

s 

-

geri) was used, with a medium level of fertilizer 
application (60 kg N ha-' and 13 kg P ha-'). 

We intend to conduct this experiment for at 
least 5 years, so that we can determine the long
term effects o' .aernative tillage practices. How
ever, consistent treatment effects were obtained 
in the first 2 years, 1983/84 and 1984/85. 

Zero tillage significantly reduced grain yields 
of both maize and chickpea in both years. The 
lower yield of chickpea may be attributed at least 
partly to inadequate weed control by prome
tryne. But, atrazine controlled weeds in maize at 

as well as tillage, so wc attribute the lower 
yield of inaize in the zero-tilled treatment to 

infiltration and/or an inadequate seed

bed. This aspect needs further investigation.
There was no significant (P<0.05) difference 

between grain yields on the normally tilled (15
cm deep) and deep-tilled (30-cm deep) treat
ments for either of the two surface configura
tions (Table 16). We expect that it is not neces
sary to till Vertisols below seeding depth. Cross
plowing and reforming beds every year did not 
improve yields. 

Blade-hoeing (T6) after harvesting the rainy
season crops and before sowing the postrainy

season crops significantly increased the yield of 
postrainy-season chickpea in 1983/84; without-oi g(blade-hoeing (T7 ), yields were 200 kg ha-' Illower,w rreflecting the poorer weed control and seedbed 
conditions.

Incorporation of crop residue (T9) and appli- ---..--------.... 


...... 

5 	screased 
L1 SEI

01 a 0 no 120N0rogen (kg hi -i ] 

b. Previous cropping system 1984/85 
S-CP S-SF y=620+21.6x-0.049x2 R=0.94 
S-PP S-SF y=490+14.7x-0.049x 2 R=0.82 
Co/PP S-SF y=40+18.2x-0.097x2 R=0.83 
S-SF S-SF y36O+16.8xO.lO~x2 R=.91 

rse = 97 

Figure 17. Effect of previous cropping system in a. 
1983/84 and b. 1984/85 on response ofsafflower yield 
(kg ha-') to fertilizer-N, on a Vertisol at ICRISAT 
Center, 1985. 

cation of phosphogypsum (T8) significantly in
grain yields of both maize and chickpea 

in 1983/84, a relatively wet year, but not in 
1984/85 the dr'2r year. We will study the effects 
of these treatments on soil physical and chemicalproperties. 

We measured infiltration rates using adouble
ring infiltrometer, after the chickpea harvest in 
1983/84 (Fig. 18). Tilling increased infiltration, 
compared to zero tillage, but tillage depth had 
relatively little effect on infiltration rate. Incor
poration of crop residues markedly increased 

infiltration only during the first few minutes of 
the infiltrometer test, but the application of 
phosphogypsum caused a sustained increase in 
infiltration rate. 



290 Resource Management 

Table 15. Effect of different tillage practices and amendments on runoff and soil loss from maize plots, Vertisol,
ICRISAT Center, rainy season 1984. 

Treatment 

T, Zero tillage 
T 4 15-cm deep tillage (normal tillage) 
T(, 30-cm deep tillage 
T8 30-cm deep tillage +phosphogypsum 
T9 Crop residue + 30-cm deep tillage 

SE 

Because 1984 was a dry year, there were very 
few occasions when runoff was appreciable. 
Runoff and soil loss on two dates in 1984 are 
given in Table 15; the treatment effects were 
consistent and in agreement with the infiltration 

Vertisol, ICRISAT Center, 1983/84 and 1984/85. 

Treatment 

Flat Configuration 
Ti Zero tillage (including chemical weed control) 

T2 15-cm deep primary tillage (normal tillage) 

T, 30-cm deep primary tillage 


BBF Configuration

T4 15-cm deep primary tillage (normal tillage) 

T5 15-cm deep primary tillage, cross plowing
 

and reformation of beds every year

T6 30-cm deep primary tillage 

T, 30-cm deep primary tillage (without blade
 

hoeing before sowing second crop) 

T8 30-cm deep primary tillage +application
 

of phosphogypsum at 10 t ha-i 

T9 Crop residue 2 incorporation at 5 t ha-'
 

with 30-cm deep primary tillage 


SE 

I. RS = rainy season; PRS = postrainy season. 

17 July I Aimist 
rainfall 39 mm rainfall 91 mm 

Runoff 
(mm) 

6.8 
4.4 
2.1 
1.3 
2.0 

±0.20 

Soil loss Runoff Soil loss 
(t ha-i) (mm) (t ha -') 

60 14.8 103 
110 12.9 205 
65 7.5 93 
25 1.8 35 
70 7.4 98 

±5.9 ±0.53 ±4.9 

measurements. Runoff was highest from the 
zero-tilled plots and it was higher from soil tilled 
to normal depth (15 cm) than from deep-tilled 
(30 cm) soil. The phosphogypsum treatment 
gave least runoff, less than 20% of that from the 

Table 16. Effect of different tillage practices and amendments on grain yields (kg ha-') of maize and chickpea, 

Yield (kg ha-) 

1983/84 1984/85
 

Maize Chickpea Maize Chickpea

RS' PRS' RS PRS
 

3500 330 2320 340
 
4030 990 2970 970
 
4390 1160 3140 1060
 

4380 1150 3320 1090
 

4290 1160 3110 1030
 
4240 1050 3300 1170
 

4210 830 3280 1060 

4710 1280 3270 1060
 

5010 1240 3240 1250 

±133 ±49 ±105 ±56 

2. Chopped dry rice straw incorporated in 1983/84, chopped dry maize stalks incorporated in 1984/85. 
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10 -. 30 cm + Phosphogypsum 
-----..30 cm + Crop ,-sIdue cereal density, groundnut density, and the time 

14*-...is CM of sowing the cereal intercrop using factorial 
C *----o30 cm
2 .M- Zoro 11lg a.... experiments at different locations in southern 

.,. -sE M ali. 
ping were aimed at two agroecological areas in 

c...- ..... .. Mali: the southern Sudanian zone in southwest- ..-- .... ern Mali, with relatively assured rainfall, for
40 .".--.----"- sorghum/groundnut intercropping; and the...... 

,--20- northern Sudanian zone in central Mali, where 
F 

0i medium-duration pearl millet is the appropriateU 0 5 0ia i a s , sb cereal for light-textured soils under lower rain-Time clapsed (min) fall conditions. 

Figure 18. Effect of tillkge and soil amendments on For the sorghum/groundnut intercropping
cumulative infiltration durIng the first hour of an experiments, we used two benchmark sites,infiltration test, ICRISAT Center, 1985. 

at 
Sotuba where the average annual rainfall is 1080 
mm, and Kita where the long-term average 

zero-tilled treatment. The treatments ranked dif- annual rainfall is 1151 mm; and tor pearl millet/ 
ferently for soil losses in runoff than for the groundnut, we used the benchmark site at Cin
runoff itself. Normal tillage (15-cm depth) caused zana (where the average rainfall is 720 mm). The 
the greatest soil loss, and phosphogypsum caused actual rainfall at these sites in 1985 was slightly
thetreatmentsleast, losses werew similar in the other three to severely below average, being 957 mm at Sotuba, 641 mm at Kita, and 560 mm at Cinzana. 

Experiments Across Sorghum/Groundnut Intercropping 

Different Environments Our experiments at both sites used a short
statured, short-duration sorghum (Malisor 84-7)Mali and a locally recommended groundnut (cv 47-10). 

Intercropping appreciably increased produc-The objective of the agronomy program in Mali tivity at both sites. At Sotuba, the Land Equival
continues to be tie development of improved ent Ratio (LER) was 1.30-1.40, and at Kitaitwas
cropping systems based on sorghum and pearl greater than 1.60. The three agronomic-man
millet. As part of this objective, we assist the agement treatments-population of each com
crop improvement program to identify ponent (sorghum, groundnut) and sowing datemore 
productive and agronomically responsive sor- of sorghum-gave fairly consistent effects across
ghum and millet cultivars, especially those suit- the two sites (Tables 17 and 18). Higher ground
able as components of cropping systems. Be- nut density increased groundnut yields, but did 
cause groundnut isa useful cash crop, with good not significantly (P<0.05) reduce sorghum
residual effect due to its biological N fixation, yields. Higher sorghum populations decreased
this year we initiated studies on cereal/ground- gioundnut yields, but did not increase sorghum
nut intercropping systems. We began to examine yield significantly. A delay in the sorghum sow
the production potential of using sorghum and ing date increased groundnut yield at both sites
pearl millet as the component cereal in ground- (P<0.05); it increased sorghum yield slightly
nut-based intercropping systems. We also began (IP<0.10) at Kita, but severely reduced yields
to study the agronomic requirements of these (P<0.001) Sotuba.at This contrasting effect
cropping systems. We examined such factors as between the two sites reflects the differences in 

http:1.30-1.40
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Table 17. Effect of population (plants ha-') and sowing date on performance of sorghum/groundnut intercrops, 
Sotuba, Mali, rainy season 

Treatment 

Groundnut population 
130000 

200000 
260000 

SE 


Sorghum population 
26000 
52000 


SE 


Sorghum sowing date at 
groundnut sowing date 
4 weeks later than 

groundnut sowing date 

SE 

CV(%) 

1985. 

Sorghum 

Population Grain 
at harvest yield 

(plants ha-') (kg ha-') LER' 

Groundnut 

Population Pod 
at harvest yield 

(plants ha-') (kg ha-') LER 

Combined LER 
sorghum grain + 
groundnut pods 

38600 
36400 
35800 

±2722 

1710 
1630 
1460 

±180 

0.72 
0.68 
0.61 

86800 
113000 
161800 

±4318 

710 0.57 
906 0.72 

1018 0.82 

Ml14 

1.29 
1.40 
.43 

27500 
46400 

±1066 

1400 
1800 

±141 

0.59 
0.75 

122700 
119100 

±7272 

970 
785 

±94 

0.78 
0.63 

1.37 
1.38 

39700 2130 0.89 122700 695 0.56 1.45 

34100 

±2138 

29 

1070 

±98 

44 

0.45 119 100 

±7272 

29 

1060 

±88 

53 

0.85 1.30 

I. LER =Land Equivalent Ratio calculated using trial means for respective sole crops grown with locally recommended package 
of agronomic practices. 

the sites and treatments. Although rainfall at 
Kita was much lower than at Sotuba, it was 
better distributed throughout the season; and, at 
Kita, sorghum sowing was only delayed by 2 
weeks whereas it was delayed by 4 weeks at 
Sotuba. 

These initial results showed good consistency 
across the two locations; intercropping gave 
substantial increases in productivity, and the 
best productivity was achieved by using higher 
populations of groundnut and lower popula-
tions of sorghum. We will continue these studies, 
to assess the reliability of treatments across 
years. 

Pearl Millet/Groundnut Intercropping 

In 1985 at Cinzana. we used a locally recom-
mended pearl millet cultivar (M9 D3) with 

groundnut (cv 47-10). Rainfall was low (560 
mm) ard poorly distributed, and crops expe
rienced drought stress. Yields, especially of pearl 
millet,were low (Table 19). 

Groundnut yield was substantially increased 
by increasing the groundnut population and by 
delaying the pearl millet sowing by 2 weeks, but 
was not affected by an increase in pearl millet 
population. The low yields of pearl millet were 
not markedly increased by changes in pearl 
millet or groundnut populations, nor by the 
pearl millet sowing date. 

lntercroppingsubstantially increased produc
tivity, ranging from 29% to 75% across the 
experiment, as shown by the high LERs. This, 
plus an interest in cash crops,such as groundnut 
in southern Mali,and good infrastructure for 
increasinggroundnutproduction, encourages us 
to continue these studies. 



Evaluation of Sorghum Genotypes under 
Intercropping 

We evaluated nine sorghum cultivars obtained 
from the sorghum improvement programs of 
Nigeria, Burkina Faso, and Mali for their per-
formance under sole-cropping and intercrop-
ping with cowpea. Normal plant population of 
50000 plants ha-' was maintained in both crop-
ping systems. About 30000 plants ha-' of cow-
pea was sown in a cereal/cowpea row arrange-
ment oi 2:1. Table 20 shows the performance of 
sorghum cultivars under sole and intercropping 
with cowpea. CSM 388, a Malian-improved 
local sorghum cultivar, which is long-duration 
and tall-statured, suffered due to late-season 
drought resulting in poorgrain yields. S34, S35, 
Malisor 84-1, and Malisor 84-7--which are all 
short-duration and short-statured- --yielded more 
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than 2000 kg ha-1. Cowpea productivity was 
assessed by fodder weights, as the crop was not 
treated with insecticides to ensure grain produc
tion. Intercropping greatly reduced cowpea fod
der yields to 12-32% of its sole-crop yield. Cow
pea fodder yield was lowest with CSM 388, and 
highest with Malisor 84-7. CSM 188, the tallest 
cultivar, provided excessive shading; Malisor 
84-7, the shortest cultivar, competed minimally 
with cowpea. 

The intercropping advantage, indicated by 
LE Rs. reflected the extent of competition offered 
by scrghun to cowpea. Total LER values did 
not reflect the grain yield potential of sorghum 
cultivars since S 35 and 82-S-50 yielded more 
when intercropped, resulting in a larger total 
LER. But the two top-yielding sorghum culti
vars Malisor 84-1 and S 34 yielded 8-10% less 
when intercropped. 

Table 18. Effect of population (plant ha-') and sowing date on performance of sorghum/groundnut intercrops, 

Kita, Mali, rainy season 1985. 

Sorghum Groundnut 

Population Grain Population Pod Combined LER 

Treatment 
at harvest 

(plants ha-') 
yield 

(kg ha-) LERI 
at harvest 

(plants ha-') 
yield 

(kg ha-') LER 
sorghum grain + 
groundnut pods 

Groundnut population 
130000 
200000 

260000 


SE 

Sorghum population 
26000 
52000 

SE 

Sorghum sowing date at 
groundnut sowing date 
2 weeks later than 

groundnut sowing date 

SE 

CV (%) 

I. LER = Iand Equivalent Ratio. 

22800 960 1.07 69200 1340 0.62 1.69 
23300 890 0.99 89400 1530 0.71 1.70 
21700 850 0.95 116100 1840 0.85 1.80 

±1580 ±63 ±4 580 ±87 

16900 940 1.05 91700 1740 0.80 1.85 
28100 860 0.96 91700 1400 0.65 1.61 

±550 ±51 ±5 280 ±74 

22500 830 0.93 90800 1380 0.63 1.56 

22500 970 1.08 92500 1760 0.81 1.89 

±1 280 ±50 ±9 780 ±72 

27 27 28 25 
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Table 19. Effect of population (plants ha-') and sowing date on performance of pearl millet/groundnut inter
crops, Cinzana, Mali, rainy season 1985. 

Sorghum Groundnut 

Treatment 

Groundnut population
130000 
200000 
2600U0 

SE 

Millet population
26000 
52000 

SE 

Millet sowing date at 
groundnut sowing (late 
2 weeks later than 
groundnut sowing date 

SE 

CV (%) 

Population Grain Population 
at harvest yield at harvest 

(plants ha- 1) (kg ha-') LER I (plants ha- ) 

38000 550 1.07 35000 
34500 520 1.01 53000 
33000 430 0.83 75000 

±1 720 ±70 ±1800 

30000 450 0.83 53000 
40500 550 1.06 55000 

±1 030 ±57 ±3 600 

35900 450 0.83 54000 

34500 550 1.06 54000 

±1 441) ±57 ±3600 

20 56 33 

Pod ComIncd LER 
yield sorghum grain + 

(kg ha-1) LER groundnut pods 

510 0.34 1.41 
950 0.63 1.64
 

1160 0.77 1.60
 

±73 

850 0.56 1.39 
890 0.59 1.65 

±81 

700 0.46 1.29 

1040 0.69 1.75 

±73 

45 
I. L.ER = Land E.quivalent Ratio calculated using trial means for respective sole crops grown with locally recommended package 

of agronomic practices. 

Sole Crops 

We commenced agronomic studies on individual 
sole crops using improved breeding material in 
the 1984 rainy season. 

Sorghum. We evaluated three improved sor-
ghum cultivars developed by the ICRI SAT; 
Mali breeding program with CS M 388 as the 
local control. Table 21 shows tile performance of 
theCSc fourcultivarsat SotuM. There were signifi-
cant differences among the grain yields of differ-
ent cultivars, of these CS M 388 vielded the least. 
The rains stopped early at1d this adversely 
affected the late-flowering CSNI 388. Malisor 
84-1 and Malisor 84-7 ais(o outyicidcd Malisor 
84-3,which was found to be highly setisitive to 

leaf discases and mid-season drought. Adding 
fertilizer-N, or increasing the crop populations 
did not significantly increase yields. 

Pearl millet. We evaluated five pearl millet cul
tivars suggested by our pearl millet breeding 
program for their agronomic responses under 
varying levels of dcnsity and added fertilizer-N 
at Ci niana. Although pearl millet growth was 
good, early in the season, following heavy rains 
during August, birds severely reduced grain 
yields later in the season (Table 22). However, 
[FM V 8304. 11V 8001, and Sollla x SaniO out
yielded the local cultivar (Pool 4). Among the 
high-yielding cullivars M1V 8001 produced the 
most panicles but being tile earliest to flower it 
was found to be susceptible to bird datnage. 
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Table 20. Performance of improved sorghum genotypes sole cropped, and intercropped with cowpea, Sotuba, 
Mall, rainy seasen 1985. 

Sorghum giain yield(kg ha-') Intercrop Cowpea
fodder yield' Sorghum Cowpea Combined 

Genotype Sole lntercrcp (kg ha' ) LEP 2 LER LER 
Malisor 84-1 2500 2310 780 0.92 0.25 1.17 
E 35-1 1870 1460 840 0.78 0.27 .05 
82-S-50 2150 2360 740 1.10 0.24 1.34 
83-F 6-222 1000 1340 880 1.30 0.28 1.58 
S 35 23f9 2630 740 1.11 0.24 1.35 
Malisor 84-7 2020 1740 1240 0.86 0.40 1.26 
Malisor 84-3 2010 1790 810 0.89 0.26 1.15 
S 34 2660 2380 650 0.90 0.21 1.11 
CSM 388 1100 930 360 0.83 0.12 0.95 

SE ±130 ±149
 

CV (%) 40 43
 
1. Sole cowpea fodder yield =3120 kg ha-'. 
2. LER = Land Equivalent Ratio. 

Tuble 21. Effect of plant population and fertilizer-N on time to 50% flowering (d), plant height (cm), aumber of 
-panicles, and grain yield (kg ha ) of four sorghum cultivars, Sotuba, 4ali, rainy season 1985. 

Time to 50% Plant height Number of Grain yield
Treatment flowering (d) (cm) panicles (ha-') (kg ha-') 

Cultivar 
Malisor 84-3 66 188 61300 1630 
Malisor 84-1 65 246 52000 2330
 
Malisor 84-7 68 
 149 70000 2100
 
CSM 388 
 81 448 68000 810 
SE ±0.6 ±4.3 ±3 733 ±145 

Population (plants ha-') 
50000 
 71 256 55300 1820
 
100000 69 
 260 70700 1620
 

SE ±1.2 ±20 ±2866 ±144 

N applied (kg ha-f) 
0 70 257 65300 1660
 
50 
 69 259 60700 1780
 

SE ±1.2 ±20 ±2866 ±144
 
CV(%) I 32 24 40
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Table 22. Effect of plant population and fertilizer-N on time to 50% flowering (d), plant height (cm), number of 
panicles, and grain yield (kg ha -1)of five pearl millet cultivars, Cinzana, Mali, rainy season 1985. 

Time to 50% 
Treatment flowe ing (d) 

Cultivar
 
Composite Prdcoce 56 

lIBV 8001 55 

Souna x Sanio 57 

Pool 4 59 

ITMV 8304 56 


SE ±1.0 

Population (plants ha-')
 
33000 56 

66000 56 


SE ±0.6 

N applied (kg ha-')
 
0 57 


50 56 


SE ±0.6 

CV (%) 7 


Increasing the pearl millet density reduced 
grain yield, and adding fertilizer-N increased 
grain yields. There was no significant interaction 
among treatments. IBV 8001 responded better to 
added fertilizer-N than the other four cultivars. 

Central America and Mexico 

ICRISAT's agronomy program in Central Ame-
rica involves an a ,ronomist based at Centro 
Internacional de Mejoramiento de MaYzyTrigo 
(CIMMYT) in Mexico working cooperatively 
with national programs throughout the region. 
The major objective is to improve the productiv-
ity of cropping systems by introducing improved 
sorghum cultivars. Associated agronomic stud-
ies are needed to assess the requirements for 
improved management. Flexibility is required in 
our approaches, because the range in altitudes ini 
the region creates a large range in agroclimates, 
to the extent that cold tolerance is an important 

Plant height Number of Grain yield 
-(cm) panicles (ha ) (kg ha-') 

221 41300 770
 
228 48700 800
 
224 40700 830
 
232 49300 680
 
230 42000 870
 

±6.5 ±2600 ±78 

228 42000 860
 
226 46700 720
 

±4.0 ±1666 ±48 

227 38000 720
 
227 50700 860
 

±4.0 ±1400 ±48 

II 33 40
 

consideration for cultivars in the highlands. 
In 1985, our experiments were mainly directed 

towards comparing cultivars for intercropping, 
and determining some of the agronomic man
agement factors that are important to improve 
the productivity of intercrops. 

Mexico 

We compared the performance of two sorghum 
cultivars in three intercrop systems in fields of 
subsistence farmers in the highlands. The two 
sorghum varieties were the red-seeded VA 110, 
and the white-seeded BTP 28; other attributes of 
these varieties include duration, stature, and 
cold tolerance. The cropping systems were sor
ghum with barley as a component intercrop of 
either a single row (system S,), or a double row 
(system S2), or with a single row of beans (Pha
scolus spp) in a similar configuration to system 
S, (system S3). We sowed the barley and bean 
intercrops 6 weeks after sorghum. 
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The sorghum/barley intercrops all gave a popular on small steep hillside farms in southern 
LER of less than 1,indicating that separate sole Honduras. We studied the fertilizer-N needs in 
crops of barley and sorghum would be more farmers' fields. Applying 20 kg N ha-' at sowing
efficient than intercropping. However, the increased the sorghum yields more (P<0.05)
sorghunm/bean intercrop (S3) gave an LER of than maize; applying fertilizer-N 25 days later 
about 1.25, which is equivalent to an increased helped the maize component further. Since 
return of US$ 150 ha-', and a 46% return on maize isthe locally preferred grain, the latter 
invested capital. application of fertilizer-N may be more useful. 

Guatemala 

Regional Cropping Systems in Central 
In subsistence farmers' fields in southeastern America 
Guatemala, we compared ICRISAT's improved 
sorghum cultivars and tested agronomic man- Four maize/sorghum intercropping systems were 
agement techniques in various intercropping studied in a similar trial conducted in Guatem
systems involving sorghum, maize, and beans ala, Haiti, Honduras, Mexico, and Nicaragua
that had earlier been identified as the most perti- from 1983 to 1985. The yields of maize and 
nent for the region (ICRISAT Annual Report sorghum depended on the level of competition 
1984, p. 73). between the two crops. In system S,, maize and 

Fertilizer-N, applied at 40 kg N ha-1 at physio- sorghum in simultaneous association within the 
logical maturity of maize, increased (P <0. 10) same row, where sorghum imposed its maxi
the yield of improved sorghum varieties grown mum competition, maize yielded the least, and 
in relay. However, sorghum grain yield varied sorghum the highest of the four systems. This 
according to variety and sowing density. The resulted in minimum total grain yield and the 
introduction of improved sorghums increased lowest profitability of the systems. For these 
the return on invested capital from 143% to reasons it was recommended that subsistence 
166% for the system using local photosensitive farmers in the region should be discouraged 
sorghums. The nutritive quality of the improved from using system S1. 
varieties will be compared with that of the local The two best systems arc now under more 
varieties in subsequent studies. intensive study in each country. ICRISAT's 

We also studied the effects of sowing date and varieties play a prominent role in one of the 
the introduction of beans into a sorghum/maize systems. Research isaimed at increasing yield of 
intercropping system. In system S,maize was these varieties so as to improve the system's
intercropped with local photosensitive sorghums profitability. 
sown 25 daysz, later; in system S,,both compo
nents of a maize/bean intercrop were sown India 
simultaneously, and the same varieties of sor
ghum as inS I were sown 10days later. Although Insect Control 
sorghum yields did not vary between the sys
tems, maize yield decreased considerably (P In 1984/85, light traps at ICRISAT Centerindi
<0.01) when beans were included in the system cated that popultions of several major pests
and sorghum sown 15 days earlier, were greater than in previous year. For example, 

the total catch of Heliothisarmigerain our Ver
tisol wa#!rshed trap was 28 164 in 1984/85, com-

Honduras pared with 2326 in 1983/84. A similar increase 
was evident in our H. armigera pheromone

Maize/sorghum intercropping, by association traps, but these traps catch fewer moths than the 
within the same hill ("casado" system), is very light traps for most of each year. Spodoptera 



298 Resource Management 

litura,which is a sporadic pest on groundnuts, is 
also monitored in light and pheromone traps at 
ICRISAT Center. We catch far more moths of 
this species in our pheromone traps than in our 
light traps, throughout each year. While large 
trap catches of H. armigeraare almost always 
associated with large populations of larvae on 
crops in our fields, we often find that large 
catches of S. lituramoths are not associated with 
any detectable populations of larvae on nearby
hosts. 

A pheromone and light trap combination 
caught more H. armigeramoths than independ-
ently operated pheromone and light traps. How-
ever, for S. Jitura, a pheromone and light trap 
combination caught far fewer moths than a 
pheromone trap alone. We will continue to 
investigate such differences, for they may be 
important in helping us to understand the behav-
ior and ecology of these pests. 

We have been augmenting out pest/ parasitoid 
survey data to determine the potential contribu-
tion of natural enemies to pest control if inte-
grated pest management is to be implemented. 
Table 23 gives the average ratt-s of egg and larval 
parasitism recorded in H. armigeraover the past 
8 years on ICRISAT mandate crops at ICRI-
SAT Center. Many of the eggs laid on sorghum, 

pearl millet, and groundnut are parasitized by
Trichogramaspp but such parasitism is rare on 
pigeonpea and totally absent on chickpea. 

Most parasitism occurs in the early larval 
instars of H. armigeraon pearl millet, sorghum, 
and chickpea whereas most parasitism on pigeon
pea and groundnut occurs in the late instars. 
Campoletischlorideaeisthepredominantparas
ite in the 1-3 instar larvae and Carceliaillota 
predominates in the 4-6 instar larvae on all crops 
except groundnut. On that crop the mermithid 
nematode Ovomermis albicansis an equally or 
more prevalent parasitoid during the rainy sea
son. Although H.armigeragenerallycauses little 
or no yield loss in groundnut, the crop acts as an 
important reservoir for H. armigerapopulations 
when other hosts are not available. 

Insecticide application techniques. Although 
commonly recommended, high-volume (HV)
spraying is not the ideal means of applying pesti
cides to crops, particularly in the SAT. Such 
spraying can give good coverage of the plants 
and the relatively dilute pesticide spray mix that 
is used reduces the toxicity hazard to the user. 
However, the problem of providing 600 L ha-' or 
moreofwater, and the physical work involved in 
such spraying discourage many farmers from 

Table 23. Average parsitism (%) of Heliothisarmigeraeggs and larvae sampled from ICRISAT mandate crops,
ICRISAT Center, 1977-85. 

-Larval parasitism (%) 
1-3 instars 4-6 instars 

Crops 
Egg parasitism 

(%) 
by Campoletis chlorideae 

Total Alone 
by Carcelia ilota 

Total Alone 
Sorghum 33.2 49.5 45.7 5.8 3.9 

Pearl millet 
(2351!)' 

10.5 
(7877) 

50.7 39.9 
(8537) 

5.1 4.8 

Groundnut 
(2986) 

15.8 
(584) 

14.3 6.5 
(355) 

11.5 1.5 

Pigeonpea 
(2778) 

0.3 
(3492) 

9.9 3.4 
(3230) 

16.4 8.1 

Chickpea 
(21787) 

0.0 
(10354) 

31.9 31.6 
(28171) 

6.1 5.7 
(3700) (12969) (13283) 

I. Figures in parentheses are total numbers of eggs or larvae collected and examined over 8 years. 
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pesticide use. We previously reported (ICRI- Table 24. Results of pod damage analysis and yields 
SAT Annual Report 1984, pp. 273 and 292) the (kg ha-') of intercrop pigeonpea (plot size 0,8 ha) 
development of low volume (LV) and ultra-low sprayed twice with endosulfan (2 L 35% EC ha-') 
volume (ULV) sprayers mounted on bullock- using wheeled tool carrier with ultra-low (ULV) and 
drawn wheeled tool carriers. Such sprayers low-volume (LV) sprayers, ICRISAT Center, 
required far less water and physical effort. 1984/85. 

In 1984/85, we compared these two sprayers Pod damage (%) 
in a trial at ICRISAT Center. Sprays ofendosul-

Total Yield
fan (2 L ha-' of 35% emulsifiable concentrate) 

weic applied to pigeonpea, that had been inter- Treatment Borer Podfly insects (kg ha-')
 

cropped with sorghum, when 10 eggs and/or 3 Ultra-low volume 9.1 10.7 21.6 1020
 
H. armigeralarvae were recorded per plant. This 
crop required two sprays. The summarized data Low-volume 44.5 9.9 27.3 970
 
of pod damage and yields are shown in "Fable24.
 
There were no significant differences between Nonsprayed 51.8 11.4 62.7 450
 
the data recorded from the two sprayer treat- SE ±4.23 ±0.72 ±4.10 ±47 
ments but both gave substantial yield increases 
over the nonprotected treatment. The LV sprayer 
suffered from nozzle blockage, a problem that 
can be overcome by improvements in filtration. tabad watershed opted to use the ULV sprayer, 

We also tested the ULV sprayer in farmers' and it was used to spray 40 ha. One farmer 
fields at Farhatabad. Here this sprayer was arranged for a copy of this machine to be fabri
compared with a farmer's traditional HV sprayer cated locally, and used it successfully. 
mounted on a bullock cart, in two replicates of 
0.1 ha plots. The results of this comparison are Safety precautions. ULV spraying has many 
summarized in Table 25. It can be seen that the advantages over HV spraying and is thus likely 
ULV sprayer required less labor, time, and cost to be popular with farmers. However, such 
than the traditional sprayer, and gave at least spraying has an increased toxicity hazard, for a 
equal protection to the crop. The benefits were more concentrated spray mi: is used, and if the 
so obvious that all the farmers on the Farha- sprayer is used incorrectly or in the wrong wind 

Table 25. Results ofevaluation of the Tropicultor mounted ultra-low volume (ULV) and traditional bullock-cart 
mounted high-volume (11V) sprayer assemblies in pigeonpea, Farhatabad Vertisols watershed, 1984/85. 

Tropicultor mounted Bullock-cart mounted
 
Evaluation parameter ULV sprayer HV sprayer SE
 

Laborers required (ha-') 1 4 
Time required (hha-) I 8 
Labor cost (Rs ha-I)' 1.25 40 
No. of applications exceeded 
to threshold 3 4 

Total expenditure including 
insecticide 2 cost (Rs ha'1) 556 889 

Pod damage (%) 5.4 12.3 ±0.16 
Yield (kg ha-) 1390 1070 ±68 

1.Labor cost = Rs 10 d-1 
2. Endosulfan (2 L 35% EC ha-') applied wherever counts of H. armigera eggs and larvae exceeded the economic threshold. 
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conditions the drift of the small droplets can right angles to the crop rows and farmers 	are
contaminate the body of the uscr and his bul- advised not to spray when winds are very strong
locks. Research at ICRISAT on this problem or at an angle of less than 70' to the crop rows. 
has been intensified, and a video film that Farmers are also advised to wear protective clo
stresses safety precautions in pesticide use has thing and face masks. It is likely that few farmers 
been made. will observe such precautions and there is little 

In studies of droplet drift from a hand-held doubt that ULV spraying is more hazardous 
ULV sprayer used on pigeonpea (Fig. 19), an than HV spraying when carried out by untrained 
average of 	 - 2 less than one droplet cm was operators. It is therefore essential that ULV
recorded on the clothing of the operator when sprayers should only be used to apply relatively
the wind (average velocity 8.5 km h- 1)direction safe pesticides. 
was at an angle of 70' o.- more to the line of 
walking. However, when the wind was about 450 lntercropping studies. We continued to moni
to the fine of walking, the contamination increas- tor pests and parasitoids in sole- and intercrops

2ed to 3 droplets cm- , and more than 12 droplets 	 of pigeonpea with sorghum and maize on Ver2cm- were recorded when the angle was less than tisols and with pearl millet and groundnut on 
200. 	Such spraying is safest when the wind is at Alfisols. As in tile previous year, we did not find 

any large differences in insect activity between 
sole and intercrop of any crop. However, in 
1984/85 a damaging incidence of the groundnut 
leaf mincr Aproawreman moiceli was recorded 
on groundinut: an average of 68% leaves were 
mined in both sole and intercrops. Groundnut 
cultivar Robut 33-I used in our trials is highly 
susceptible to this pest, but this pest is not nor-

Smally prevalent during the rainy season. This 
year's problem was considered to be related to 
the long dry spell which occurred in August and 
September during the rainy season. 

As in 1984 pigeonpea pod damage was higher 
on Vertisols (65%) than on Alfisols (39%). The 
parasitism rates recorded from the larvae of H. 
atrnigrera collected from sole and intercrops of 
any crop, and from the two soil types, did not 
differ greatly. 

- ~ Weed Control 

Intensive cropping on both Alfisols and Verti
*sols at ICRISAT Center has led to severe nut 

-, grass (C0pcrus rotundus) and Bermuda grass 
Figure 19. Technician testing the contamination (Cynodon dactvlon) infestations. The severity of 
hazard from droplet drift using a hand-held ULV the problem created by these perennial weeds is 
sprayer on a pigeonpea crop. The spray coptainsa dye highlighted by the fact that tillage has not con
so that droplets drifting onto the body oflhe operator trolled these weeds, although it is effective under 
can be counted on the cards fixed to his clothing, less-intensive systems. Therefore, we have recent-
ICRISAT Center, 1985. Ivcommenced studies on the use of herbicides. 
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We conducted an experiment in 1981 and 1982 
(ICRISAT Annual Report 1982, pp. 260-261) to 
study the effects of different tillage systems on 
the control of Bermuda grass on broadbeds and 
furrows (BBF) on a medium-deep Vertisol. The 
treatments included strip tillage, ,'omplete tillage 
(or split-strip tillage), and deep plowing and 
rebuilding of beds every year, all with sorghum/ 
pigeonpea intercropping. The traditional system 
of cropping only in the postrainy season with 
traditional tillage on flat land was also included 
as a treatment. 

The experiment was modified in 1984 to 
include, in addition to thL_ above tillage systems, 
three herbicide treatments--pre-emergence appli-
cation of atrazine to the rainy season crop, post-
emergence application ofglyphosate(Roundup) 
directed between rows, and postemergence appli-
cation of fluazifop butyl. Maize-chickpea se-
quential cropping was followed except that 
cowpea was substituted for maize in the rainy 
season in the fluazifop butyl treatment because 
cereal crops are sensitive to this chemical. Dou-
ble cropping was used in the traditional flat cul-
tivation system and in a nonweeded control. We 
made the studies in field-sized plots (300 m2 to 
400 Im2 ) using animal-drawn equipment for all 
operations. 

Double cropping on the 113F system gave 1.7 
to 2.6 times greater returns than single-season 
cropping on flat land (Table 26). Yields from 
double cropping on flat land with traditional 
tillage methods were low (Table 27); nevertheless 

returns were good because of lower operational 
expenses. However, where no efforts were made 
to control Bermuda grass, double cropping 
made a loss. Of the three tillage systems on BBF, 
cross plowing and remaking of beds every year 
was most effective in controlling Bermuda grass. 
Though it involved some additional expenses, it 
still gave 51% higher returns in sorghum/pi
geonpea and 33% in maize-chickpea over other 
tillage systems. There was no significant differ
ence in net returns between strip tillage and 
complete tillage. Atrazine, generally recommend
ed for weed control in maize, controlled all 
annual weeds but not Bermuda grass. In the 
absence of competition fronm other weeds, Ber
muda grass flourished well in this herbicide 
treatment and reduced the yield of the low
canopy chickpea (Table 27). This indicates the 
need for specific herbicides to control this per
ennial weed. Glyphosate controlled Bermuda 
grass very well; this was reflected in the high 
chickpea yield but not in nmaize because the her
bicide was applied about 4 weeks after the maize 
emerged by which time maize growth was already 
reduced by competition. For directed postemer
gence application of this chemical in a standing 
crop, suitable eqjuipment (e.g., a wick applicator, 
or normal sprayers with protective hoods) is a 
prerequisite. Fluazifop butyl was as effective as 
glyphosate. 

We conducted experiments on both Vertisols 
and Alfisols to evaluate the efficacy of glypho
sate in controlling nut grass. Treatments included 

Table 26. Effect of different tillage systems on the control of Bermuda grass (Cynodon daclylon), crop yields, and 
net returns of sorghum/pigeonpea intercrop on Vertisols (mean of 2 years 1981/82, 1982/83). 

Net Dlry matter of Bermuda grass (g n- 2 ) 
Crop yield (kg Ila') returns At first At sorghum At pigeonpea 

Treatment Sorghum Pigeonpea (Rs ha- ) interculture harvest harvest 
Strip tillage 3170 570 4780 49 319 119 
Complete tillage 3540 600 5090 31 239 114 
Deep plowing and 
rebuilding of beds 4030 1030 7470 12 135 82

Traditional 1110 - 2890 30 259 54 

SE ±200 ±92 ±507 ±12 ±32 ±16 
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Table 27. Effect of different herbiclac, and tillage systems on the control of Bermuda grass (Cynodon dactylon), 
crop yields, and net returns of maize-chii kpea sequential cropping system on Vertisols, ICRISAT Center, 1984-85. 

1)Crop yield (kg ha- Net Dry matter of Bermuda grass (g M-2) 
returns At first At maize At chickpea 

Treatment Maize Chickpea (Rs ha-') interculture harvest harvest 

Strip tillage 1260 430 3770 6 8 64 
Complete tillage 880 460 3370 21 24 76 
Deep plowing and 
rebuilding of beds 1170 630 4750 4 17 58 

Atmzine (1.5 kg a i ha-') 1270 340 2990 10 37 159 
Glyphosate (Roundup® 
at 1.5% V/V) 900 730 4490 2 12 34 

Fluazifop butyl 
(G.3 kg a i ha-') 830 560 5650 4 5 73 

Traditional 
(Doub!e cropping) 860 340 3740 4 30 61 
Nonweeded control 170 30 -330 10 23 22 

SE ±132 ±92 ±565 ±1.3 ±5.5 ±10.0 

different concentrations ,f the herbicide, single groundnut on Alfisols; these are appropriate 
deep plowing with disc or moldboard plows, and rotations on these soils. Nut grass counts (Table 
fallowing the land during the rainy season fol- 28) together with crop yields (Table 29) indicate 
lowed by repeated applications (three) of gly- the weed control achieved by different treat
phosate. Sequential crops of sorghum-chickpea ments. Glyphosate was very effective in control
were grown on Vertisols, and pearl millet- ling nut grass on both soils. There was no signifi-

Table 2d. Effect of glyphosate (Roundup® 2%) on nut grass (C', erus rotundus) counts in comparison with 
discing, moldboard plowing or zero-tilled fallow, ICRISAT Center, rainy season 1984/85. 

Nut grass counts (number m-2 ) 

Vertisols 

Treatment 24.5.84 18.6.84 12.7.84 9.8.84 28.9.84 12.10.84 17.12.84 21.1.85 
Glyphosate 2% 
Disqing 
Moldboard 
plowing 

126 
96 

124 

46 
5 

8 

34 
60 

90 

30 
124 

104 

30 
221 

91 

II 
189 

75 

11 
135 

74 

2 
59 

20 
Fallow control 26 7 71 93 92 161 91 49 

Alfisols 

15.6.84 10.7.84 3.8.84 10.10.84 14.12.84 19.1.85 14.3.85 

Glyphosate 2% 
Discing 
Moldboard 
plowing 

143 
20 

5 

33 
188 

72 

17 
83 

166 

7 
135 

59 

6 
57 

63 

4 
102 

143 

8 
209 

288 

Fallow control 52 173 157 209 127 143 283 
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Table 29. Effect of glyphosate (Roundup@) on the control of nut grass (Cyperusro~undus) on Vertisols cropped
to sorghum-chickpea and on Alfisols cropped to pearl millet-groundnut, ICRISAT Center, rainy season 1984/85. 

Yield (kg ha -1) 

Vertisols Alfisols
 
Treatment 
 Sorghum Chickpea Pearl millet Groundnut 
Glyphosate 3%+ interculture 5080 550 2540 1590
Glyphosate 2% + interculture 4230 710 2190 1690
Glyphosate 1%+ interculture 399% 610 2460 1020
Glyphosate 2% 3960 510 280 760
Discing + interculture 4010 680 1450 1470
 
Moldboard plowing + interculture 3830 720 2240 
 800
Fallow and repeated applications of glyphosate 
in rainy season 
Glyphosate 3% 440 1770 
Glyphosate 2% 550 1870
Glyphosate 1% 390 1560 
SE 
 ±820 ±152 ±139 ±232
 
CV (%) 19.5 26.7 7.5 16.7 

cant difference between the different con- Agroforestry 
centrations used, except that herbicide sprays of 
2% and 3%concentration whether applied once Agroforestry is an alternate land-use system in 
or more than once, gave a higher yield of which multipurpose woody perennials are grown
groundnut than the 1%concentration applied in association with arable crops. Agroforestry 
once or twice. Glyphosate application alone did systems have special significance in the context 
not give adequate control of annual weeds; for of the whole farm development concept as they
these, it should be supplemented with intercul- meet several demands of the farm such as food 
tures or hand weedings. Repeated glyphosate for man, forage for livestock, fuel for cooking, 
sprays within a year did not improve the nut and timber for shelter. These systems may be 
grass control over that achieved with one spray appropriate for any soil type but they may be
applied when nut grass is at the 7-8 leaf stage. more attractive economically for shallow soils 
The final counts of nut grass were affected where arable crops may be less productive. Our 
slightly by plowing, but the weed appearance involvement in agroforestry research is consi
was delayed in the moldboard-plowed area by dered as a natural extension ofour intercropping
about 3 weeks. Soil inversion, by moldboard work to further exploit the association amongst
plowing, buries the nut-grass nuts originally on species by introducing perennials into annual 
the soil surface and exposes those at lower cropping systems. In 1984 we started agrofores
depths, so that they are dessicated. However, the try work on Leucacna leucocephala,a fodder 
effect of tillage on crop yields was less consistent, and fuel-yielding perennial introduced into the 
The similarities between weed counts after both annual cropping systems. Emphasis was placed
the plowing methods, and those under zero- more on research methodology, particularly on 
tilled or the nonsprayed control conditions indi- experimental designs and characterization of 
cate that plowing does not effectively control resource use, than on developing different 
this weed. systems. 
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Experiments in this initial phase included a 
geometrical design to study the competition 
between leucaena and annual crops and to ex-
amine whether row orientation would influence 
the productivity of their association, a 2-way 
systematic design to determine the optimum 
proportion ofleucaena and the annual crop, and 
the proximity at which they can be planted, and 
a multidisciplinary experiment involving agrono
mists, soil scientists, and engineers to monitor 
biological production, long-term changes in soil 
chemical and physical properties, and runoff 
and soil erosion in alley-cropping systems with 
leucaena. 

Leucacna established very well in all the 
experiments and did not show any noticeable 
competition in the Ist year (1984) on annual 
crops such as sorghun, sorghumi pigeonpea, 
and pearl millet, pigeonpea intercrops grown in 
this order in the above experiments. In 1985, 
sunflower, sorghun' pigeonpca, and castor were 
the annual crops. Lcucaena growth \was little 
affected by the annual crops and by the end of 
the 1985 rain\ season, had becen harvested 4 or 5 
times. But leucaena was very competit ive to the 
annual crops causing significant reduction in 
their growth. The competition in this year when 
rainfall was 301 . below average,was obviously 
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Experimental leucaena plants at I('RISAT Center 
with roots exposed to show extent of rooting systen. 

for moisture, and the detrimental effect of leu
caena on a moisture-sensitive crop such as sun
flower extended up to a maximum of 3.0 m. A 
preliminary examination of leucaena's rooting 
system indicated that its roots spread out later
ally beyond 2.0 m. More information is required 
to devise suitable spacing for leucaena/annual 
cropping systems. 

Technology Assessment 

and Policy Analysis 

On-farm Tests of Residual Effects of 
Phosphorus Fertilizer on Pearl Millet Yields 
in Niger 

We dctermined the residual effect of phosphorus 
fertilizer in four villages in western Niger. Two of 
the villages, Fabidji and Gobery, are in the Dol
lol Bosso region, south of Niamey. Soils in these 
village are of tile Tanchia series. The other two 
villages, Samari and Sadeize Koira are in the 
Zarmaganda region, north of Niamey. Soils are 
uniformly sandy with an irregular topography. 

Mean annual rainfall of the two regions and 
the rainfall in tie villages between 1982 and 1985 
are shown in Table 30. Rainfall in 1985 was 
higher than in 1984 in all the villages except 
Sadeize Koira. In Saniari the rainfall was sub
stantially higher than in 1984 and was very well 

In 1984 we tested phcsphorus fertilizer on 

about 30 farrilers' fields in each study village 
(ICRISAT Annual Report 1984, pp. 325-327). 
Two sources of phosphorus. single superphos
phate (SSP), aind partially acidulated (50%) 
Niger Parc-W rock phosphate (PARP 50) were 
coripared at four levels of 0, 12, 24, and 36 kg P 
ha- . using farrncrs'local varieties of pearl millet. 

The treatments consisting of no fertilizer, one
of SS P, the satne level of' PARP 50, and a 

different (lose of either SSP or IPARP 50 were 
applied in 250 in 2 plots by each farmer. 

Because of the drought ill 1984 the tests in the 
two northern villages (Sadcize Koira and Samari) 
produced no yield. Millet grain yields were low 
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Table 30. Annual rainfall (m) in four villages 
where farmers' tests were -onducted Inwestern Niger, 
1982-85. 

Long-term
Villaere 9This 

Dallol Bosso 600 
Fabidji 	 517 410 369 413 
Gobery 	 540 392 422 425 
Zarmaganda 400 
Sama iri 240 260345 345 

in the other two villages, but they were 44-130% 
higher for all treatments with fertilizer compared 
to treatments without fertilizer. But the increases 
were only significant (PK-0.05) at the 24 kg and 
36 kg P ha - 1 level, except for the 36 kg P as 
PARP 50. Using partial budget analysis to 
examine the profitability of fertilizer use under 
the conditions prevailing in 1984, we concluded 
that, provided farmers sow their pear! millet 

crops on time and there is sufficient rainfall to 
harvest a crop, phophorus fertilizer application 

ha - i up to the 24 kg P level is likely to be 
economical. 

year we used the same farmers and thesame plots to measure the residual effect of the 
phosphorus fertilizer applied in 1984 on pearl 
millet yields in 1985. No fertilizer was applied to 
the plots in 1985. 

Because farmers did not plant some of their 
1984 fields this year, and because of difficultiesin 	 identifying plot borders, only a total of 57 
trials out of a potential of 120 (14 in Samari, 21 
in Sadeize Koira, 10 in Gobery, and 12 in 
Fabidji) could be successfully completed. Because 
of the unbalanced design the number of plots 
varied per treatment as shown in Table 31. Apart 
from those in Samari, all 36 kg P ha- I treatments 
gave 10-75% higher grain yields than the treat
ments without fertilizer (Table 31). But in only 
one case (36 kg P ha-' as SSl) in Gobery) was the 
increase significant (P,-0.05). The 24 kg P ha-' 
as PAR P 50 treatments generally gave no higher 
yields than the treatments without fertilizer, 

Table 31. Residual effect of phosphorus fertilizer on mean yield (kg ha-2 )of local pearl millet varieties. Farmers' 

test results from four villages in western Niger, 1985. 

Treat hients' 
Village I 2 3 4 5 6 7 
Fabidji Plots 12 7 5 8 8  7
 

Mean 300 280 240 380 210 - 360 
SE ±86.3 ±58.2 ±111.8 ±60.8 ±47.0 - ±72.2 

Gobery Plots 10 3 5 5 5 5 7 
Mean 140 150 160 250 230 250 300
 
SE ±25.3 ±43.3 -58.6 ±47.0 ±38.9 :68.0 ±73.3 

Samari Plots 14 8 7 8 6 8 5 
Mean 270 
 340 260 220 370 230 300 
SE ±46.0 ±53.4 ±58.2 ±30.8 ±79.6 ±43.1 ±31.3 

Sadeize Koira Plots 21 9 II 11 II 12 9 
Mean 110 110 180 150 120 200 170 
SE ±17.2 ±21.0 ±32.0 ±26.5 ±17.8 ±29.2 ±22.0 

I. 	 Papplied (kgha-I basis) per treatment: I =O,2 = 12as partially (50,'f)acidulated rock phosphate(PAR1150),3 :24as PARP 
50,4 =36as PARPS50,5 I2as single suprphosphate (SSP)6 =24asSSPand 7=36asSSP. All plots recci%,ed30kg N ha-1. 
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except in Sadeize Koira where they gave 60-90% were the yield increases in 1985 sufficient to
higher yields. These increases were significant at cover the costs of the fertilizers applied in 1984? 
P <0.05. Table 32 presents the results of partial budget

Given that there is some residual effect of analyses used to examine these questions. The 
phosphorus, two questions arise. First, where addition of 1985 returns increased net financial 
there was a harvest in 1984 (and we have shown benefits further at both the 24 and 36 kg P ha
that 24 kg P hai' was the most profitable dose in lcvels in both Fabidji and Gobery. Although in 
Gobery and Fabidji), is the additional yield contrast to 1984, when total net benefits at 36 kg
increase, due to the residual effect of phospho- P ha- I were positive even when unsubsidized 
rus, sufficient to increase total returns to the 36 fertilizer prices were used, they were still less 

-kg P ha ' treatment above that for the 24 kg P than those at 24 kg P ha -'. 
ha -' treatment? Secondly, in those villages with The sum of 1984 and 1985 benefits were posi
no harvest in 1984 (Sadeize Koira and Samari), tive using both subsidized and unsubsidized fer-

Table 32. Pearl millet grain yields (kg ha-1) and economic returns in 1984 and 1985 at different levels of 
phosphorus applied in 1984 for farmers who sowed their crops on time in four study villages in western Niger,'
1985. 

1984 1985 R/14 
Phosphorus level- No-' Mean SE No Mean SE 1984 1985 Total 5 

Fabidji 
0 17 160 ±15.5 12 300 ±85.4 - - -

12 
24 
36 

14 
17 
20 

220 
260 
230 

±37.7 
±24.0 
±23.7 

15 
6 

15 

240 
400 
370 

±36.7 
±178.8 
±45.2 

3.3 
3.1 
1.6 

-8.6 
6.0 
1.5 

-3.6 
7.9 
2.8 

Gobery 
0 20 150 ±25.7 10 140 ±25.3 - - -

12 
24 
36 

16 
23 
36 

210 
260 
290 

±24.5 
±28.8 
±22.5 

8 
10 
12 

200 
200 
280 

±30.4 
±44.9 
±45.9 

3.3 
3.5 
2.8 

8.4 
3.8 
4.6 

10.0 
6.5 
6.5 

Samar 
0 - 0 14 270 ±46.0 

12 
24 

-

-
0 
0 

-

-

14 
15 

350 
240 

±44.1 
±34.6 

0 
0 

5.2 
-1.6 

4.2 
-1.8 

36 - 0 - 13 250 ±24.1 0 -0.6 -0.6 

Sadeize Koira 
0 - 0 - 21 110 ±6.3 - - -

12 
24 

-

-

0 
0 

-

-
20 
23 

120 
190 

±13.2 
±21.3 

0 
0 

1.1 
3.9 

0.9 
3.1 

36 - 0 - 20 160 ±17.0 0 1.6 1.3 
I. Prices used are the average prices paid by farmers in the study villages and were 130 F CFA kg "Ifor millet grain in 1984 and-200 F CFA kg I in 1985, 8 FCFA kg-I for millet straw in 1984 and 12 FCFA kg I in 1985, 109 FCFA kg-' for N and 200 F 

CFA kg- I for P. 
2. Nutrient base (kg P ha-1). 
3. No =Number of plots. 
4. Net returns (F CFA) per F CFA spent on phosphate fertilizer. 
5. 1985 net returns discounted at 25 %'. 



tilizer prices at 12 kg P ha-' in Samari and 24 kg 
P ha-' in Sadeize Koira. 

We therefore amplify our conclusion of last 
year by adding that even when there is total crop 
failure in the year of application of phosphorus 
fertilizer, use of up to 24 kg P ha-' is likely to be 
economical, since phosphorus fertilizer has a 
residual effect that is likely to increase yields 
sufficiently in the following year to allow full 
recovery of the fertilizer cost. 

Rock Bunds for Erosion Control in 
Burkina Faso 

In 1985, we began a pilot-scale 2-year test of a 
system of rock bunds for water harvesting ii 
farmers' fields in l3urkina Faso. A simple rock 
bund water-harvesting system was introduced in 
13(rkina Faso by tile Oxford Famine Relief 
Agency (()XFVAM). TI. bunds are approxi-
matcly 0.3 in high and are placed about 20 ill 
apart along the contour lines of the field. Fhunds 
are expected to increase yields in the short term 
because they improve available soil moisture 
and reducce loss of fertilizer. Additional benefits 
from rock btnds can be expected in the longer 
term because they help to control soil erosion. In 
our trials, rock bunding was combined with fer-
tilizer application, secd oftsorghumn ICSV 1002. 
and tied ridges. The objectives ofthe trials are to 
assess the effect of bunds on sorghium yield ill 
different rainfall zones, to determine coiple-
mentarities of bunds with tie other treatments, 
to identify important constraints to adoption, 
and to explore potential design iinprovements. 

In 1985 our tests included trials that were 
managed by researchers as well as by farmers. 
The researcher-managed trials were conducted 
in one village each of the Sudanian and Northern 
Guinean bioclimatic zones of liorkina Faso. In 
the farmer-managed trials, eight farmers from 
each of our four study villages selected a section 
within their sorghum fields where they believed 
blinding to be appropriate. The farmers were 
provided with rocks for the bunds, fertilizer, and 
sorghum seed. Draft animals were owned by 16 
of the farmers. These farmers could obtain 
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equipment on loan to establish tied ridges. Only 
10 farmers used this equipment on all their test 
sites. The contour lines on each test site were 
traced by ICRISAT field staff, but farmers con
structed the bunds themselves and carried out all 
cultural operations. 

Our results from the researcher-managed pilot 
trials indicated that the bunding package can 
increase yields by more than 500 kg ha-' in both 
zones. Average yield increases from the package 
in trials managed by farmers varied considerably 
and appear to be associated with total rainfall 
and runoff intensity. Table 33 suggests that par
ticularly high yield increases may be obtained 
from the packa, in regions where rainfall is low 
but runoff is high, and where higher rainfall 
levels are combined with occasional heavy or 
moderate runoff. Buinding has only a moderate 
effect on yield where moderate runoff prevails in 
low rainfall zones. Virtually no additional yields 
can be expected in moderate rainfall /ones with 
in frequnent or light runoff. 

The costs of establishing rock bunds are :or
mensurate with alternative investment oppor
tunitics, the package based onl rock bunds would 
have to result in a sorgliim yield increase of at 
least 150 kg ha Iat present price and wage levels. 

We gained important insights from interviews 
to find out fariers' perceptions of, and expe
rienccs with. the rock buinds and the ancilliary 
treatments. Farmers from bothiones mentioned 
that their terminology for land types clearly dis
tinguishes those that receive runoff and that 
would benefit from water harvesting. Farmers 
agreed that transport, and not availability of 
rocks, would be the iaj or constraint to large
scale adoption of rock hunding. The IITA/ 
SAFGIRAl) tied ridger that we supplied to tile 
farners was found to be tunsatisfactorv. Farmers 
complained about its si/c and weight, that it is 
proie to breakage, and that it is difficult to 
operate ini the preserice of bonds. Farmers 
regarded our sites for rcsearchcr-riianaged trials 
as inappropriate. According to them, neither site 
received sufficient ruolf from upslope catch
ments. Nearly all farmers reported substantial 
accumulation of soil and organic matter at the 
btnds, and at some sites there was an accumula
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Table 33. Effects of rock bunding and sorghum variety ICSV 1002 on grain yield (kg ha-') fi., farmers' fields Infour
villages in two agroclimatic zones, Burkina Faso, 1985. 

Yield and other aspects Kolbila 
Number of fields 8 
Rainfall in 1985 (mi) 514 
Fields receiving heavy runoff 5 
Fields receiving moderate runoff 2 
Sorghum grain yield (kg ha-1) with 

bunding and ICSV 1002 730 
Control 230 

SE ±118 

tion of 0.20 m of top soil. Either higher bunds 
will have to be constructed at some sites or sub-
stantial maintenance work will be necessary. 

We will repeat our package tests with more 
farmers and on miore carefully chosen sites for 
researcher-managed trials. We will also try a 
group action approach to facilitate transporting 
bunding material with locally available resources, 

Earthen Bunds for Erosion Control in 
Burkina Faso 

The Fond de I'eau et dc l'equipement rural 
(FEER) is the agency responsible for a contour-
bunding program in Burkina Faso. We have 
collaborated with this agency since 1982 to eval-
uate short-term effects of earthen bunds for 

Agroclimatic zone 

Sudanian Guinean 
Ononon Koho Sayero 

7 8 8 
487 922 715 

1 0 1 
5 2 I 

350 670 1010 
160 650 600 
±67 ±206 ±233 

water management. Compared to the rock-bund 
systems described earlier, earthen bunds are less 
stable and their objective is to eliminate runoff 
rather than collect it and control its flow. Our 
method of evaluation was described earlier(ICRI-
SAT Annual Report 1983, p. 3 14). We now have 
results from tests conducted during 3 years in 25 
villages spread from the Northern Sahelian to 
the Southern Sudanian bioclimatic zones. 

Bunds increased sorghum grain yields by 30% 
and pearl millet grain yields by 43% (Table 34). 
Absolute increases in grain yields were greatest 
in the central and southeastern regions of Bur
kina Faso. 

Regression analysis showed that earthen bunds 
have significant positive effects on grain yields 
when combined with fertilizer and when used on 
fields with a steep slope in high rainfall areas. 

Table 34. Effect of earthen contour bunds on sorghum and pearl millet grain yields (kg ha-') from farmers' fields 
in 25 villages, Burkina Faso, 1982/84. 

Crop Region
Treatment Sorghum Pearl millet North Central Southeast 
Plots within bund system 740 300 180 590 580
Control plots outside bund system 570 210 130 430
Percentage yield increase over contour plots 

440 
+30 +43 +38 +37 +32 

SE ±68 ±21 ±22 ±56 ±53 
Number of observations 100 234 126 103 105 
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Table 35. Internal rates of returnfrom 30000 F CFA duction of green-revolution technical change in 
Investment in earthen bunding at different levels of the mid- and late-1960s in India. For example,
annual maintenance costs in three regions of Burkina researchers at the International Food Policy
Faso. Research Institute (IFPRI) estimated that the 
Annual coefficient of variation (CV) of total cereal pro
maintenance cost Region duction increased from 4.0 to 5.9%-a 50% 

-(F CFA hai) North Central Southeast increase-between 1954/55 to 1964/65 and 

0 12.4 47.9 41.8 1967/68 to 1977/78. 
750 9.1 45.3 39.2 Hybrids first released in the late 1960s pres

1500 5.6 42.8 36.7 ently account for about 50% of sorghum and 
3000 -3.4 37.7 31.5 60% of pearl millet sown area in India. Usually 

they are sown in rainfed fields where small doses 
of fertilizers are applied. To what exient have 
improved hybrid technologies be .n responsible 

Those results further indicated that with judi- for increased variability in sorghum and pearl 
cious site selection (emphasizing higher rainfall millet production? 
zones, and within these zones selecting fields To address this question, we analyzed data for 
with steeper slopes), through the complementary grain production in 48 sorghum and 40 major 
use of fertilizer, and with adequate maintenance, pearl millet producing districts in India. We used 
the short- term benefits of contour bunds, already a statistical decomposition method developed by 
important, can be substantially improved. IFPRI researchers. Two 12-year periods (1956/57 

Average construction costs arc estimated by to 1967/68 and 1968/69 to 1979/80), corres
the FEER at approximately 30000 F CFA ha-'. ponding to befo-e and after the release and early 
We calculated the internal rate of return to bund- diffusion of the sorghum and pearl millet hybrids, 
ing for this level of construction costs, under the were selected to represent the pre- and post
assumption that average observed yield incre- green revolution eras. 
ments for the regions can be obtained over 15 Instability in sorghum and pearl millet pro
years and sold at the current official price of 90 F duction increased in terms of both total variance 
CFA kg-'. Furthermore, we assumed levels of and CV from the first 12-year period to the 
maintenance costs to vary betwecii zet c and second (Table 36). For sorghum, the CV of line
3000 F CFA ha-' a-'. The estimated internal arly detrended production increased from 8 to 
rates of return show that eat then bunds are not 16%; for pearl millet the change was even more 
an economically viable alternative for farmers in marked, i.e., from II to 34%. 
the northern region (Table 35). In that region Increased production variance stemmed over
'-conomic viability, as indicated by an internal whelmingly from increased production covar
rate of return of 30%, would require that con- iance among major producing regions for both 
struction costs are reduced to between 15 000 F sorghum and pearl millet. More than 90% of the 
CFA ha-' and 5000 F CFA ha-', depending on increase in production variance for both crops 
the level of annual maintenance costs. Bunding was attributed to changes in interdistrict produc
appears to beconomically attractive in the cen- tion covariances. What was surprising was the 
tral and southeastern regions. strength of yield covariances in conditioning 

those changes (Table 36). 
For sorghum, changes in yield covariance 

New Cultivars and Production Variability in between the first and second period for each 
Sorghum and Millet in India district pair were positively and significantly 

linked to the level of HYV adoption, changes in 
Several economists have documented increasing rainfall covariance, and extent of irrigated area 
cereal production variability following the intro- (Table 37). For pearl millet, the level of HYV 
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Table 36. Characteristics and sources of increased sorghum and pearl millet production variability between pre
and post-green revolution periods in India. 

Characteristics 

and sources' 


Characteristics
 
Total production variance ('000 000 t)
 
1956/57-1967/68 

1968/69-1979/80 


Coefficient of variation (%) 
1956/57-1967/68 

1968/69-1979/80 


Sources of increase in production variance (%)

Within-district production variance 

Interdistrict production covariance 

Yield covariance 

Other interregional sources 


1. Based on detrended data. 

Table 37. Estimated regression coefficients (R2) of 
the determinants of changes in interdistrict yield co-
variance in sorghum and pearl millet production 
between 1956/57-1967/68, and 1968/69-1979/80,India.dutoangeeieniomnsaeboig 

Crop 
Variable' Sorghum 2 Pearl millet 3 

ud teo f b (±16894 (±23.9)be 

Difference in hybrid -59* -I 13** 

area (%)5 (±26.3) (±29.4) 


Summed irrigated 100* -462** 


area (%) (±43.9) (135.9) 

Diffei-ence in irrigated 214** 108 
area (%)5 (±59.3) (±166.2) 

Change in rainfall 70** 14** 

Intercept 2295 7162 

R2 0.07 0.04
1. The unit of observation for all variables isa district pair.
2. Based on 1128 district-paired observations 

3. Based on 780 district-paired observations, 
4. Figures in parentheses are SE values, 
5. Expressed in absolute value, 

Crop 
Sorghum Pearl millet 

28 63
 
1017 1043
 

8 11 
16 34 

5 8 
95 92 
84 54 
i! 38 

diffusion and irrigated area were positively and
significantly associated with changes in yield 
covariance. 

In other words, the results indicate that pro
duction and genetic environments are becoming 
more similar over time, and it is this growing 
similarity that is mainly responsible for increas
ing production variability at the national level 
for each crop. Increased yield covariances are toexpected because hybrids have a narrow 
genetic background. For example, the bulk of 

modern cultivar sorghum area in India is sown 
to four hybrids, CSH 1, CSH 5, CSH 6, and 
CSH 9. The latter three have the same male 
parent, CS 3541. Most of the commercially 
available pearl millet hybrids in the period under 
study were produced on the same seed parent. 

The first-generation pearl millet hybrids HB 1,
H B 3, and H B 4 became extremely susceptible todowny mildew, resulting in significant economic 

losses in the early 1970s, after inoculum had built 

up in farmers' fields. In response to those losses, 
many farmers in several major producing regions
reverted to local types. Hybrid adoption rates 

plummeted. In the mid- and late-1970s, hybrid
adoption again picked up as farmers accepted
the second-generation hybrids which, at that 
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. Souih Arco* 	 farm households by generating substantial reduc
o tions in variability in household income and 
,. consumption? Could stabilization policies like
0 

40- crop insurance that are triggered by shortfalls in 
. yield significantly and cost-effectively reduce 

° 	 /,,income variability and hence substitute for yield
. ..... stabilizing technical change? The answers to 

A66 66 ro 	 j6 those questions hinge the between70 75 	 on nexus
6e4 	 variability in crop yield and fluctuations in 

household income. We examined that relation-
Figure 20. Adoption of pearl millet hybrids in Bhr shipeforresource-oor farm iouseholdsinlIndia' 

(Maharashtra) and South Arcot (Tamil Nadu), India ship for resource-poor farm households in India's 
from 1966 to 1980. 	 SAT. 

We relied on household panel data from three 
ICRISAT study villages which are broadly repre
sentative of three soil, climatic, and cropping 
regions of India's SAT and which were tho

time, were much less susceptible to downy mil- roughly described in ICRISAT Annual Report 
dew. Similar, atypical adoption patterns in pro- 1982, pp. 313-320. Income data from the "con
ducing regions as far away as Tamil Nadu and tinuous", cultivator households, who remained 
Maharashtra bear ample testimony to the prob- in the panel from 1975/76 to 1983/84, were ana
lem of increasing production covariance caused lyzed. For those 81 households, information on 
by the use of super-susceptible cultivars (Fig. 20) income fluctuations was summarized by the CV 

A judicious and more regionally oriented var- of net household income. A CV was estimated 
ietal release strategy and sound trade and stor- for each household based on 9 years of income 
age policies can cost-effectively offset most, if data deflated by a village-specific consumer 
not all, the instability costs arising from increas- price index. 
ing yield covariance. In the absence of such effi- Risk benefits were estimated under scenarios 
cient policies, investing in crop research to main- of perfect yield stabilization and simulated crop
tain and enhance resistance to yield reducers and insurance designs for the common crops in each 
to broaden genetic variation will have stability village (Table 38). Risk benefits were measured 
benefits at the national level, over and above in terms of the mean proportional risk premium 
returns to increased production. In any case, which reflects what a household would be willing 
more covariate regional yields and the resulting to sacrifice in mean income to gain a reduction in 
increased production variability were a small income variability achieved by either perfect 
price to pay for the growth in productivity yield stabilization or by participation in a crop 
attributed to the sorghum and pearl millet insurance scheme. 
hybrids. To assess the range of risk benefits potentially 

offered by crop insurance, two contrasting designs 
were investigated. One was a conventional indi-

Yield Stability, Crop Insurance, and House- vidual approach where the basis for both premia 
hold Income Variability in India's SAT and indemnity assessment is individual farmer's 

yield; the other was a homogeneous area approach 
Much of the investment in breeding, pathology, which has been tested on a pilot scale in India 
entomology, and physiology at ICRISAT is since 1979 and uses regional (in our case village) 
aimed at developing higher- and more stable- yields as a basis for assessing indemnity claims 
yielding varietal technologies that increase out- and premia charges. 
put and improve equity and nutrition. Could Although the mean household income CVs 
these technologies also enhance the welfare of for the producers of these crops ranged from 33 
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Table 38. Simulated ilsk benefits (%)from perfect crop yield stabilization and crop Insurance. 

Mean proportional risk premium' 

Perfect crop yield Crop insurance design
Crop Village stabilization Homogenous area Individual 
Irrigated rice Aurepalle 2.9 0.9 0.8
Castor Auiepalle 1.3 1.0 
 0.6
Local sorghum Aurepalle 0.2 0.1 0.1
Rice, sorghum, and castor2 Aurepalle NA3 0.5 0.5
Local sorghum Shirapur -0.2' 0.3 0.3
Desi cotton Kanzara 0.2 0.1 0.2
Hybrid sorghum Kanzara 0.3 0.1 0.0

Cotton and sorghum 2 Kanzara NA 0.2 0.2
 
I. Percentage of mean household income from 1975/76 to 1983/84.
2. For households that sowed at least one crop in 5 or more years. 
3. NA = Not applicable. 
4. A negative sign indicates increased household income variability. 

to 47% in Table 39, the risk benefits from perfect perfect yield stabilization would only reduce 
commodity yield stabilization or crop insurance household income variability by about 5%. Such 
were modest to negligible (Table 38). Ironically, a modest change would be worth less than 3% of
risk benefits from perfect commodity yield sta- mean household income. Stabilizing the yield of
bilization were largest in irrigated rice, the crop one crop only taps at most 25% of the potential
with the lowest yield CV in Table 39. risk benefits from perfect crop income stabi-

Removing the variability in the yield of only lization. 
one crop was simply not an effective way to Likewise, crop insurance did not offer much
reduce income variability for the vast majority of protection from income fluctuations. Of the 
farm households in the villages under study. For common cropping patterns, apparent risk benef
the rainfed crop with the largest risk benefits, its would be derived from insuring castor and 

Table 39. Common crops sown in three Indian study villages and coefficients of variation of household income, 
yields, and prices, 1975-1984. 

fPercentage Coefficient of
Number of Pernteof gross variation (CV)%2 

Farm Mean years cropped Household
Crop Village' households cropped area income Yield Price 
Irrigated rice Aurepalle 9 8.1 12 47 31 7
Castor Aurepalle 23 7.6 34 45 68 22Local sorghum Aurepalle 21 7.3 18 6641 12
Local sorghum Shirapur 21 8.3 58 34 69 17
Desi cotton Kanzara 26 8.2 51 4433 15
Hybrid sorghum Kanzara 18 7.2 8 34 66 13 
I. Those that sowed the crop for at least 5 years from 1975/76 to 1983/84.
2. Simple means across those households that sowed the crop in at least 5 years from 1975/76 to 1983/84. 
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rice in Aurepalle. But insurance would only 	 we need relatively assured production regions. 
reduce the CV of household income by 3-4%; 	 To meet (5), we require drought-prone regions. 
such a modest reduction would be worth only 	 Suppose we map those five necessary conditions 
about 1% of mean household income, 	 and delineate geographic areas where they are 

Perfect crop yield stabilization or crop insu- fulfilled in India's SAT. We believe that the 
rance do not buy much in the way of risk benefits intersecting set either in terms of geographic area 
because most farm households rely on multiple or number of households would be very small. 
income sources, particularly earnings in the local Our results also support the notion that little, 
labor market. Diversified cropping patterns are if any, economic value should be attached to the 
also the norm in dryland agriculture in India's supposed risk-reducing attributes of improved 
SAT; hence, farm households are not overly varietal technologies for resource-poor house
dependent on revenue from a single, dominant holds in India's SAT. Such technologies should 
crop. Lastly, area variability in dryland agricul- be evaluated with regard to their impact on mean 
ture severely erodes the effectiveness of policies yield or output levels, equity, and nutrition. 
or technologies that work through yield to Likewise, we should not be overly concerned 
red uce variability in household income and con- that improved varietal technologies, which farm
sumption. Mean area variability exceeded mean ers have adopted, may have accentuated yield 
yield variability for each of the common crops variability. Increased yield variability is unlikely 
listed in Table 39. to manifest itself in markedly heightened fiuc-

Comparative analysis of tie results across the tuations in household income. 
three regions suggests that five necessary and Risk benefits from technologies which dampen 
often conflicting conditions have to be satisfied yield variability may be more substantial in Afri
for crop insurance to generate measurable risk ca's SAT because resource-poor households 
benefits. An ideal region for crop insurance may' rely more heavily on crop income than sim
would be characterized by the following features: ilar households in India's SAT. Also, those 

households are most likely to have fewer effec-
I.Crop income should loom large in household tive private and institutional means to compen

income, sate for shortfalls in current income. Compara
2. 	 Farm househaolds should specialize in few itive researchfiasSTon household risk benefits is needed 

in Africa's SAT. 
crops. More research is also needed on stabilization 

3. 	Output prices should be stable to ensure that policies that can efficiently deliver measurable 
price variability does not unduly influence risk benefits to poor rural households in India's 
revenue variabilitydirectly orindircctly through SAT. For example, rainfall lotteries appear to 
fluctuations 	in area. offer se ,'cral advantages over crop insurance. 

P~reliminary analysis of evidence from the 
s lee
4. 	 Crop supply response should not depend alsiyreliiary a d 

heavily on agroclimatic conditions so that the study villages also indicates that flexible and 

link between weather-induced fluctuations in locally available public works programs have a 

area and crop incomne Could be broken, large potential to protect a considerable number 
of poor rural households from the ravages of 

5. Yields from the insured crops should be income variability in India's SAT. Landless 
exposed to at most a few and not multiple labor households that relied almost entirely it 
sources of risk so that indemnity assessment earnings in the daily agricultural labor market in 
based on a homogeneous area approach could Shirapur and Kanzara, where the Maharashtra 
be efficient in stabilizing income for most Employment Guarantee Scheme operated since 
farmers in the region. 1977, had about 50% less variable income streams 

than those in Aurepalle, where rural public work 
Conditions (4) and (5) conflict. To satisfy (4) opportunities were not locally available. 
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Resource Characterization 

and Use 


Natural Resources 

Soil Erosion: Slope Steepness and length 

Soil loss by erosion and water loss through 
runoff reduces the agricultural productivity of 
land in the SAT. Land management planners 
need to know the average annual erosion rates 
for a wide range of rainfall, soil, slope, crop, and 
management conditions in order to select an 
alternative land use and practice combination 
that will limit erosion rates to acceptable levels. 
A relatively simple technique for predicting the 
most likely soil loss rates for specific situations is 

to use the Universal Soil Loss [qtation (US!l.17) 

that groups six major parameters important for 

soil loss prediction. 

The equation has the form: 


A = IK I.SCP 

where: 

A = soil loss in tons per unit area, determined by 
rainfall erosivity 

R = rainfall erosivity in erosivity units 
K = soil crodibility in toils per 1init area per 

erosivity unit 
L = normaliled slope length (d iniensionless) 
S = normalized slope gradient (dimensionless) 
C = cropping management (diniensionless) 
1 = land practices per configuration (dimen

sion less). 

The dimensionless factors are quiiantified by 
using as a base, a unit standard plot whose slope 
steepness is 9 j (S I), slope length is 22.1 Ill 
(L=I), and which is strictly fallow (C=I), with 
straight row cultivation practices directed along 
the prevailing slope (P= I). 

To determine the values for the parameters L 
and S in the USI.1F for land with slopes less than 
3%. we established runoff plots at ICRISAT 
Center before the 1984 rainy season. We installed 
runoff plots 3 in wide of three different lengths, 

Table 40. Effect of slope on runoff (mm) from 22-m 
long bare-falloved plots on Alfisols and Vertisols,
ICRISAT Center, 1984 and 1985. 

Runoff (mm) 

Alfisols Vertisols 
Slope (%) 1984 1985 1984 1985 

0.4 233 154 69 710.8 249 161 104 1060.6 246 161 136 118 
2.0 - 1 128 112 
3.0 282 189 - -

II, 22, and 44 im, on a range of natural land 
slopes on both Vertisols and Alfisols at ICRI-
SAT Center. These slopes were 0.4%, 0.8%, 
1.6%, and 2.0( for Vertisols. We monitored 
runoff and soil loss for individual storms. The 
soil surfa e was maintained bare, without pro
tection from vegetation or mulch, so that we 
could cvaluatC tihe potential erodib;lity of a given 
treatment. 

During Ole first 2years, slope did not appreci
ably influence (Table 40) runoff losses on Alfis
ols even though the slopes ranged from 0.42 to 
3.0§14. We assuine that this result means that 
runoff froi a bare Alfisol is primarily governed 
by soil infiltration ratL .,s cffected by surface 
sealing. Runoff from Vertisols increased up to 
1.6ci: with slope. While making these plots, they 
were cut and filled to obtain the required slope. 

Table 41. Effect of slope on soil loss (t ha-') from 
22-m long lare-fallowed plots on Alfisols and Verti
sols, ICRISAT (enter, 1984. 

Soil loss (t ha-1) 

Slope(%) Alfisols Vrtisols 
0.4 3.0 0.9 
0.8 2.9 2.8 
1.6 3.7 3.5 
2.0 - 3.87.0 .7.3 

SE ±1.06 ±0.23 
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Table 42. Effect of slope length (m)on runoffr(mm) and soil loss (tha-') from bare-fallowed plots, on Alfisols and
Vertisols, ICRISAT Center, 1984. 

Gentle' slope length (m) Steep 2 slope length (m) 
11 22 44 

Alfisols 
Runoff (mam) 367 250 114 
Soil loss (t ha-') 4.2 2.9 1.5 

Vertisols 
Runoff (mm) 219 69 31 
Soil loss (t ha-') 5.5 0.9 0.b 

I. Gentle slope--Alfisols 0.8%: Vertisols 0.4%. 
2. Steep slope---Alfisols 3.0%; Vertisols 2.0%. 

After soil settling the 0.4% slope plots are much 
flatter than originally planned; this hals resulted 
in a marked reduction in runoff from these Vert-
isol plots. 

Soil losses (Table 41) differed between the two 
soils. Losses from Alfisols in the 1984 rainy sea-
son were much higher from the 3.0i slope than 
from the three gentler slopes, whereas on Vert-
isols the losses were much smaller from the gentl-
est slope (0.4%) than from the steeper ones. 

Slope length markedly affected runoff (Table
42). On both soils runoff per unit area was 
greater on the shorter slope than on the longer 
ones. The I -m long plots had three times more 
runoff than 44-n long plots on Alfisols. Runoff 
from II-m long plots was seven times more than 
that from 44-ni long plots on the gentlest Vertisol 
slope. Soil loss was sim ilarly affected by slope 
length except in the steeper slope (3.0%) on 
Alfisols. We need to collect data for a few more 

yea rs to d eve lo p r e lat ion sh ips --b et w ee n slop e , 
soil loss, and runoff. 

Simulating Sorghum Yields and Fertilizer 
Requirements for Different Agroclimates in 
the Indian SAT 

We used the revised SORGF model to compute 
the probabilities of sorghum grain yield for four 
selected locations in India using climatic data 
from 1941 to 1970. Mean annual rainfall is 527 

I1 22 44 

±18.7 38 283 113 ±35.7 
±0.59 5.2 7.3 6.1 ±1.01 

±4.1 188 93128 ±12.3 
±0.10 4.8 3.8 2.3 ±0.48 

mm at Anantapur, 792 mm at Patancheru, 889 
mm at Dharwad, and 1001 mm at Indore. The 
available water-holding capacity of soils is 50 
mm at Anantapur, and 150 mml at the other three 
locations. Simulated sorghum grain yields under 
adequate management (e.g., timely field opera
tions, using a high-yielding cultivar, applying 
recommended doses of nutrients, and plant pro
tection measures) in 70% of the years were more 
than 2200 kg ha-' for Anantapur, 4500 kg ha-' 
for Patancheru, 5500 kg ha - I for Dharwad, and 
6200 kg ha- for Indore (Fig. 21). We calculated 
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Figure 21. Cumulative probability (%)of simulated 
sorghum grain yield (more than a given amount) 
based on climatic data from 1941 to 1970 for four 
selected locations in India. 
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fertilizer requirements on the assumption that 20 
kg N ha-' is needed to produce 1000 kg grain 
yield ha- , and that a plot without added fertiliz-
ers contains 30 kg N ha-'. Based on the simulated 
sorghum yields, the nitrogen requirement in 70, 
of the years wotuld have been at least 15 kg N ha-1 
for Anantapur, 60 kg N ha- I for lPatancheru, 80 
kg N ha-' for l)harwad, and 95 kg N ha-1 for 
Indore. Such analyses are useful to estimate tile 
potential yields, and to identify tie N-responsive 
areas based on climate and soil data. These stu-
dies can be extended to assess the risks involved 
inallocation of i'esotlrccs illdifferent agroci-
iiatic environmnents. 

Cropping Patterns and Farm Incomes in the 
Southern Sahelian Zone 

l)ata derived from our on-going village surveys 
in (ioberv and Sa mar ill western Niger were 
used to examine cropping patteris and their 

contribution to farm incomes between 1982 and 
1984. 

Averaige gross crop area per farm ranged from 
9.4 ha it. Gobery in the drought year of 1984 to 
15.4 ha in Samari in 1982 (Table 43). But these 
differences were not statistically significant (P 
:0.5). The mean gross crop area of 11.6 ha 
per farm or about 1.0 ha per person is much 
greater than that usually reported for the wetter 
Sudania 111one of West Africa. This is because 
farmers in the study area generally practice min
imun tillage. Except for low-lying areas the land 
is not plowed before sowing, and weeding involves 
scraping only the top few rm of soil. Anirial 
traction is Iut t.,d in the viiiages we studied. 

Intercropping is the most prevalent cropping 
system in both villages. The average proportion 
of gross cropped area intercropped ranged be
tween 50 and 70 except in Samari in 1984. The 
proportion of' aeca intrercropped inSainari de
creased significantly (P .0.05) during that year 
as tile drought prevented farmers from sowing 

Table 43. ('ropping patlerns and crop incomes in two villages in the Soulhern Snlelian zone of western Niger, 
1982-84.
 

Rainfall (rm) 

HouLsehold si/c (persons) 

Crop income (1000 F CFA larrn - ') 

Crop area (ha larni) 


Cropping pattern ("Iof gross cropped area) 
Sole crop pearl millet 
Other sole crops 
Pearl millet co%%pea 
Pearl millet co% pea sorrel 
Groundnut intercrops 

Sorghum intercrops 


Crop incomes ((7 of total) 
Sole crop pearl millet 
Other sole crop 
Pearl iiillet cowpea 
Pearl millet cowpea, sorrel 
Other intercrops 

1.NA Noi available. 
2.Less than 0.5 1. 

(ioherv Samari 

1982 1983 1984 1982 1983 1984 

54 392 423 211 345 153 
NAI NA 11.3 NA NA 11.1 
150 150 180 180 300 -70 

11.6 11.7 9.4 15.4 11.0 10.5 

46 29 42 39 30 59 
I I I I I I 

34 49 35 9 21 24 
5 9 6 31 23 6 
12 1 0 0 0 0 
3 II 17 20 25 10 

36 33 29 23 16 84 
.2 I 2 .2 I -2 

35 27 52 15 25 II 
6 II 10 33 27 1 
22 28 7 31 30 4 



cowpea after pearl millet had been sown. Pearl 
millet/cowpea or pearl millet/cowpea/ sorrel 
(Hibiscus sabdariffa) are the most prevalent
intercrops, usually occupying about a third of 
the gross cropped area. Sorghum and cowpea 
are only sown as intercrops. Groundnut, once a 
major cash crop in the area, has virtually disap-
peared from the cropping system. 

Household crop incomes were calculated by 
deducting variabie costs (mainly the costs of 
seed, fertilizer, and hired labor) from the value of 
crop output. They represent the returns to land, 
capital, and family labor. Prices used were those 
actually paid by farmers. 

Net crop income per farm ranged from a loss 
of 7 000 F CFA in Samari in the drought year of 
1984 to a positive return of 300 000 F CFA the 
preceding year in the same village. As we stated 
earlier, there was a total crop failure in Samari in 
1984. In 1983 rainfall was much higher (Table 
43). Gobery is in a higher rainfall zone and is 
close to a large regional market (ICRISAT 
Annual Report 1983, p. 315). Farmers there 
generally receive higher prices and obtain higher 
yields. They therefore have higher values of crop 
output. But net crop income is usually higher in 
Samari as a result of lower use of hired labor. 

Net income ha-I averaged about 12 000 F CFA 

across villages and years. Intercrops contributed 

about 75% ofthe total net crop income. This was 

higher than the 55 % of land area occupied by 
intercrops. Net incomes ha-' were generally 
higher for the intercrops than for sole-cropped 
pearl millet. These data therefore confirm the 
findings frem other zones in Sub-Saharan Africa 
that in traditional farming s;ystems, intercrops 
generally produce higher returns thon sole crops. 

Extent and Characteristics of Intercropping in 
the Indian SAT 

Intercropping is widely practiced by farmers in 
the Indian SAT. Using data from several years of 
our village studies in different agroclimatic zones 
of India, we measured the extent and deter-
minants of intercropping. 
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There is substantial interregional variation in 
intercropping (Table 44). In most zones, the 
intercropped area accounts for about one-third 
to one-half of farmers' gross cropped area. The 
notable exception is the Akola region, with its 
medium-deep Vertisols and reliable rainfall, 
where more than three-quarters of the gross 
cropped area is intercropped. 

Contrary to general belief, intercropping is 
not the exclusive domain oftradition-l varieties. 
Pearl millet hybrids are intcrcropped extensively 
in the Sabarkantha region and sorghum hybrids 
are finding wider farmer acceptance in inter
cropping systems in Akola. 

Access to irrigation, land value, and cropping 
season arc the main factors conditioning the 
interhousehold variation in intercropping within 
the study regions (Table 45). Controlling for 
those variables, we find that farm size, as mea
sured in gross cropped area, does not signi
ficantly influence the extent of intercropping. 
Tabular anal'sis usually shows that subsistence 
farmers intercrop proportionally more of their 
land than large farmers, but those differences 
largely disappear when we account for the effects 
of irrigation, land quality, and cropping season. 
Likewise, differences among households in family 
labor and livestock endowments do not appear 
to influence intercropping decisions. 

In the postrainy season, farmers have more 
information on soil moisture availability that, in 
the rainy season, which to some extent explains 
the popularity of sole cropping in that season. 
Additionally, within each region plots that are 
cropped in the postrainy season are usually 
characterized by a lower-lying topography or are 
deeper than those cultivated in the rainy season. 
Differences in soil quality and topographic posi
tion not captured by the land value variable in 
Table 45 undoubtedly explain why postrainy
season cropping is so obviously a determinant of 
intercropping. Moreover, much rainfed postrainy 
season cropping occurs under a receding soil 
moisture regime severely curtailing the potential 
for farmers to derive species compensation bene
fits from intercropping. 

The regression results suggest that farmers in 
dryland regions where rainy-season cropping is 
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Table 44. Extent of intercropping In five agroclimatic zones of the Indian SAT.
 

Districts representative of agroclimatic zones
 

2. Based on data in two study villages from 1980/81 to 1983/84. 

Regional characteristics and 
extent of intercropping 

Mahbub-
nagar' Sholapur' Akola' 

Sabar
kanthal Raisen 3 

Average annual rainfall (mm a-') 
Rainfall CV (%) 
Predominant soil type 

759 
35 

Alfisols 

665 
34 

Deep 

885 
23 

Medium deep 

760 
33 

Entisols 

1200 
39 

Deep 

Gross Cropped Area (GCA) per farm (ha)
Percentage of GCA irrigated (%) 
Percentage of GCA intercropped (%) 
Percentage of farmers with some 

3.6 
43 
32 

Vertisols 
7.7 

II 
35 

Vertisols 
6.2 
3 

83 

4.2 
34 
45 

Vertisols 
4.6 
2 

33 

area intercropped (%) 
Percentage of farmers with total 

55 84 97 90 65 

area intercropped (%) 
Major crops in intercrops' 

7 
S,M,P, 

4 
M,P,MC, 

51 
S,C,P, 

10 
M,GN, 

4 
W,CP,LL, 

OP OP B LD,P 
I. Based on data in two study villages from 1975/76 to 1979/80. 

3. Based on data in two study villages from 1981/82 to 1983/84.
4. S= Sorghum, M =Pearl millet, P = Pigeonpea, C = Cotton, W = Wheat, OP =Other pulses, MC = Minor cereals, CP

Chickpea, LL = Lentil, LD r Linseed, GN = Groundnut, B Mung bean. 

extensively practiced will benefit most from returns while sole cropping offers more favora
intercropping research. Within those regions, ble prospects for higher net returns. As a risk
benefits from such research should be accessible reducing strategy, crop diversification through
to all households irrespective ofhow much land, intercropping would appear to be most efficient
labor, and livestock they own. in those two regions.

lntercropping isoften viewed as offe "ng con
siderably more protection against prouuction
risk than sole cropping. Risk benefits in the form Social and Economic Conditions 
of crop compensation or reduced disease and 
pest incidence from intercropping can only be Trends in Income, Real Wages, and Poverty inquantified in controlled agronomic experiments, the Indian SAT 
Comparing net returns from sole- and inter
cropped dryland fields in the five study regions After 10 years ofhousehold panel data collection
ii. Figure 22 provides arough approximation of in three villages in different agroclimatic zones
the crop diversification benefits that are avail- of the Indian SAT, we can now discern some
able from intercropping. In Raisen, intercrop- trends in per capita income, real wages, and
ping is superior to sole cropping at almost all poverty levels. Nominal income, representing
levels of net return. In Sholapur and MaLoub- returns to own capital, land, family, labor,
nagar, the cumulative distribution of net returns owned bullocks, and management was calculated
does not differ substantially between the two for each of the i04 "continuous" households in
competing systems. In Akola and Sabarkantha, the sample and deflated by avillage-specific con
the classic tradeoff is obtained; intercropping sumer price index to arrive at estimates of real 
systems perform better at lower levels of net income. 
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Table 45. Determinants of the interhousehold variation in intercropping in five agroclimatic zones of the Indian 
SAT.
 

Explanatory Agroclimatic zones 
variable Mahbubnagar Sholapur Akola Sabarkantha Raisen 
Size of family -0.21 -0.35 -0.66 -0.37 0.43 

Livestock 
(-0.33) 4 

0.47 
(-0.59) 
-0.33 

(-1.51) 
-0.10 

(-0.74) 
1.01 

(0.60) 
0.51 

Gross cropped area (GCA) 
(0.96) 
-0.11 

(-0.44) 
-0.15 

(-0.23) 
-0.02 

(1.14) 
0.06 

(0.75) 
-0.81 

Irrigated area 
(-0.43) 
-0.49** 

(-1.05) 
-0.12 

(-0.16) 
-0.66** 

(0.11) 
-0.44** 

(-0.19) 
-0.72 

Land quality 
(-8.37) 

0.01 
(-1.38) 

0.06 
(-4.04) 
-0.23*** 

(-6.44) 
0.05 

(-1.50) 
-0.06 

Postrainy season cropping 
(0.05) 
-0.29*** 

(0.56) 
-0.20** 

(-2.98) 
-0.97** 

(0.94) 
-0.33** 

(-0.41) 
0.18 

(-3.38) (-2.32) (-8.31) (-2.46) 01.51) 
Village dummy' 4.75 30.50** 3.01 -33.92** 34.72** 

Year dummy 2 
(1.07) (8.70) (1.33) (-8.42) (6.40) 

1976/77 -3.75 4.58 -1.45 - -

1977/78 
(-0.87) 

0.55 
(0.94) 
17.93** 

(-0.43) 
4.08 

-
-

-
-

1978/79 
(0.13) 
-8.71 

(3.52) 
8.17 

(1.22) 
-4.09 

-
-

-
-

1979/80 
(-1.91) 
-7.25 

(1.64) 
0.63 

(-1.20) 
5.98 - -

1981/82 
(-1.60) (0.11) (0.17) 

- 3.92 -

1982/83 -
(0.96) 
2.87 

-

7.24 

1983/84 - -
(0.68) 
-1.58 

(1.24) 
16.94** 

(-0.37) (2.76) 
Intercept 50.68 32.87 100.75 71.05 -6.26 
R2 0.43 0.27 0.45 0.51 0.26 
F ratio 
Intercropping (% of GCA)3 

20.53 
26.17 

10.93 
35.06 

22.29 
82.70 

22.44 
43.65 

6.93 
35.41 

Number of observations 287 291 283 209 150 
I. 	Village dummy refers to Dokur in Mahbubnagar, Kalman inSholapur. Kinkheda in Akola, Rarmpura inSabarkantha, and,

Rampura Kalan in Raisen. rhe reference villages are Aurepalle, Shirapur, Kan/ara, lloriya, and Papda in their respective 
zones. 

2. 	Refers to 1975/76 as the reference year in Mahbubnagar, Sholapur, and Akola, 1980/81 in Sabarkantha, and 1981/82 in 
Raisen. 

3. 	Dependent variable. 
4. 	 Figures in parentheses are t values. 
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The growth in real income over the analysis Table 46. Annual growth in real household income 
period has been slow but perceptible (Figure per person (in 1975 Rs) by village and income quartile 
23a). Relatively stable food prices have had the from 1975/76 to 1983/84. 
largest influence on improvement in rural welfare. 
Over the 9-year period of analysis fron 1975/76 Income quartile' 2 
to 1983/84, real income has registered a positive Village 1 2 3 4 
and significant trend (P<0.05) in Kanzara and Aurepalle 20.0** 18.7* 34.I*1 4.4 
Shirapur but has stagnated in Aurepa!c, a vii- (±4.44). (±7.0) (112.6) (±25.9) 
lage on Alfisols in an erratic rainfall tract where Shirapur 337** 13.0 34.7: 4.7 
technical change has been limited to improved (±6.2) (±8.6) (±11.9) (,±19.6) 
varieties of rice and castor. Growth in income 
and consumption expenditure has been most Kanara 38.1 ** 24.0** 20.4 35.5* 
marked in Kanzara, a village on Vertic soils with (±7.3) (±7.9) (±11.0) (±16.9) 
relatively assured rainfall. The expansion of the I. I indicates the piorest household quartile, 4 the richest. 
mung bean area, diffusion of new sorghlum 2. Estimates from a linear fixed effects model with house
hybrids, and intensification of fertilizer and pes- hold iicone by cropping year as the dependent variable, 

and household and timte trend its independent variables.ticide u;e has been fairly rapid thiouglii;t the 3. Figures in parentheses are SE values. 

period in Kanzara. In Shirapur, the rise in real 
income in the late 1970s is largely attributed to 
the Maharashtra Employment Guarantee Scheme 
(EGS), an ambitionts rural public works pro
gram. In the late 1970s and early 1980s, the IEGS trated in Figures 23b and 23d for men's and 
employed about 15(c of nale and ")5 ' of fcmale women's wages. Despite large fluctuations
labor in Shirapur. l)uring the analysis period, e.g., rainfall in Aurepalle in 1978 was more than 
households in Shirapur were still recover- 40(, above average resulting in a large increase 
ing fron a prolonged drought d uring 1971-73. in village labor denand- real wages displayed a 

To accurately identify the beneficiaries of pronounced upward trend, particularly for men 
income growth within each village, we stratified in Kanzara and Aurepalle after 1981. 
tile households iIto quartiles, based on relative The growth in men's wages in Aurepalle and in 
income position in the initial 3-year period from men's and women's wages in Shirapur is primar
1975,/76 to 1977/78, and cstinated trends in ilyattributablc toan increase in off-farn employ
income for each quartile (Table 46). We found nlnt opportunities. The demand for agricultur
that tile poorest households received more, or as al labor in both villages has remained constant 
much income growth as the richest households over the analysis period. In contrast, in Kanzara, 
in each village. In both Aurepalle and Shirapur, tile demand for men's and women's labor in the 
the richest households in the mid-1970s, i.e., daily-rated agricultural labor market has in
those itl quartile 4, registered no significant creased. Heavier yields, requiring more har
change in per-person income during tile analysis vesting labor and stimulated by greater adoption 
period. Meanwhile, real income grew annually of modern cultivars and pesticides use, and the 
by about Rs 20 per person in 1975 prices for the widespread diffusion of labor-intensive lung 
poorest households in Aurepalle, and by about bean as an intercrop with cotton partially explain 
Rs 34 per person for cotmparable households in rising real wage rates for men and women since 
Shirapur. Only in Kanzara, where technical 1980. The upwaird trend in labor use ha -t and 
change was marked over the 9-year period, did real wages was sustained even with widespread 
household income expand for the larger cultiva- introduction of mechanical threshing for sor
tor households in quartile 4. ghun, wheat, and mung bean in the late 1970s in 

These encouraging trends were largely derived Kanzara. 
front a tightening village labor market, illus- The analog to the favorable real wage picture 
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Figure 23. Trends in a. mean per person real income (Rs), c. poverty (Sen Index), b.men's, and d.women's wage
indices in three villages or the Indian SAT. 

conveyed by Figures 23b and 23d is the fall in 
poverty charted in Figure 23c. In Aurepalle and 
Shirapur, the poorest villages, poverty, declined 
from 1975/76 to 1983/84. This was measured 
using an income criterion as well as the Sen 
Index, which accounfs for the proportion of 
poor people as well as how poor they actually 
are. In Kanzara, poverty dropped until 1980; 
since then below-average rainfall has resulted in 
an abrupt rise in the poverty incidence, 

These encouraging trends in real wages and in 
the incidence of poverty demonstrate that tech-
nical change is only one (albeit an important) 
determinant of rural village welfare in the Indian 
SAT. These favorable trends should also not 
delude us from recognizing that the vast major-
ity of households in the study villages are still 
very poor. 

Income and Fuel Supply from Common 
Property Resources in India 

Common property resources (CPRs) including 
village pastures, forests, wasteland, ponds etc., 
play a significant role in the sustenance of the 
rural poor. Building on research reported earlier 
(ICRISAT Annual Report 1983, p. 335), in 
1985 we completed studies on their contribution 
to employment and income generation. 

To estimate the income from CPRs, we pre
pared an inventory of CPR-products collected 
by respondent households during different 
seasons and evaluated it using village prices. 
Another component of CPR-based income is of 
livestock returns, attributable to animal grazing 
on CPRs. Income generated from processing 
and marketing CPR-products was not included, 
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Table 47. Annual household Income (Rs a-') derived from common property resources (CPRs) invillages in arid 
or semi-arid zones Inseven Indian states, 1983/84. 

Average annual household CPR income (Rs a-') 
No. of study No. of study Labor and small Large farm

State districts villages farm household household 
Gujarat 2 4 774 185
Rajasthan 2 4 770 412
Tamil Nadu I 2 738 162
Madhya Pradesh 2 4 732 385
Karnataka 1 2 649 170
Maharashtra 3 4 557 177
Andhra Pradesh I 1 534 171 

so our income estimates understate the total Poor people's reliance on CPRs when they are 
household income derived from CPRs. willing to work but cannot find employment is

Income estimates for different areas (repres- the reason why CPRs enhance equity. On 
ented by states) are presented in Table 47. For approximately 25% of the days when individuals 
landless labor and small farm households, per in the study villages reported involuntary unem
household income from CPR:; during the refer- ployment, they derived full-time work from 
ence year 1983/84 ranged from Rs 534 to Rs 774, CPRs. They also obtained partial employment
equivalent to household income shares ranging from CIPRs, on I day in 5 when they were willing
from 13to22%. Large farm households depended to work but unable to find ajob.
much less on CPR-based income than landless FuClwood from CPRs, crop residues, and 
labor and small farm households, dung are major sources of energy supply for

In all study villages the Gini Coefficients of farm households in India. We studied fuel con
income distribution decline, indicating greater sumption for a small sample of households in the 
equality, once imputed returns from CPRs are ICRISAT study villages to determine the 
added to other sources of household income dependence of two groups of households on dif
(Table 48). ferent sources of fuel. We stratified the sample 

Table 48. The effect of common property resources (CPRs) on income inequality in seven Indian study villages, 
198.1/84. 

Gini Coefficient' 

With CPR Without CPR
State District Village income income 
Gujarat Sabarkantha Rampura 0.47 0.57 
Gujarat Sabarkantha Boriya 0.27 0.34
Madhya Pradesh Raisen Papda 0.27 0.36
Madhya Pradesh Raisen Rampur Kalan 0.20 0.42 
Maharashtra Akola Kanzara 0.45 0.48
Maharashtra Sholapur Shirapur 0.32 0.37
Andhra Pradesh Mahbubnagar Aurepalle 0.44 0.50 
I. Larger values denote greater inequality in household incomes. 
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Table 49. Fuel consumption by households in villages of the Indian SAT, 1984/85. 

Household' 
group 

Labor and subsistence farmers 
Large farmers 

Average per household 
consumption of fuel 
during 3 weeks (kg) 

142 
202 


Proportion of fuel (%) received from 

Common Own sources 
property Crop by- Fuelwood 
resources product Dung and others 

74 10 13 3 
15 33 31 21 

I. Based on data from panel households covered by ICRISAT Village-level Studies during I week in each season. 

households into landless and small farm house-
holds, who own few productive resources, and 
large farmers, who while not rich are generally 
much better off than their resource-poorer coun-
terparts. We observed the fuel consumption of 
the sample households for I week in each of the 
rainy, postrainy, and summer seasons. 

Levels of fuel consumption appear to be heav-
ily influenced by household income (Table 49). 
While poor households use most of their fuel to 
prepare food only once in a day, richer, large 
farm households consume fuel for a variety of 
uses several times during a day, e.g., to prepare 
food and aniimal feed, heat bath water, and make 
tea. 

Small farm and landless labor households rely 
to a much larger extent on CPRs for tl't'r fuel 
supply; large farm households obtain tl ic fuel 
mainly from owned resources. Increasing the 
availability of fuel from commonly or privately 
owned trees may reduce the wasteful use of dung 
for fuel by the rural poor. 

Productivity Consequences of Tenancy in the 
Indian SAT 

Tenancy, mainly sharecropping, is fairly wide--
spread in the Indian SAT, and the ICRISAT 
study villages are no exception. In eight study 
villages representing four broad agroclimatic 
zones, about 81% of the plots were owner-
operated, 18% sharecropped, and 1% leased-in 
on a fixed rent during the analysis period (Table 
50). As in much of South Asia, mixed tenancies, 

i.e., where farmers cultivate their own land and 
sharecrop or lease-in others' land, were more 
numerous than pure tenancies. The ratio of 
mixed to pure tenancy in the eight villages in the 
late 1970s and early 1980s was about 3.9 : 1.0. 
The incidence of tenancy remained fairly con
stant over time. We found no evidence that 
tenancy was declining in our study villages. 

We reported carlier(ICRISAT Annual Report 
1979/80, pp. 240-242), our research on some of 
the determinants of tenancy. Recently, a scholar 
from Stanford University, USA, used the VLS 
data to evaluate the popular perception that 
sharecropping is productively inefficient because 
there is less incentive to apply variable inputs in 
sharecropping contracts relative to fixed renting 
or owner operation. 

The core results of that comparative analysis 
are presented in Table 51 where the third line 
shows the mean percentage difference in average 
input intensity and in output productivity on 
sharecropped plots relative to owner-operated 
plots for the same household. These mean differ
ences in average input use and output are truly
large, but there was considerable variation from 
village to village. 

Controlling for the effects of soil quality and 
use of' irrigation, tenancy significantly explains 
differences in the use intensity of family labor, 
hired female labor, bullock draft, and seeds and 
output productivity between sharecropped and 
owned fields within the same household in the 
same cropping year. The relative contribution of 
tenancy, to these differences is also substantial 
(Table 51). Sharecropping accounted for an 



Resource Management 325 

Table 50. Incidence of tenancy in eight Indian study villages in fouragroclimatic zones expressed as percentage of 
gross cropped area'. 
Zones and villages Owner-operated Sharecropped Fixed rent 

Alfisol and low rainfall 
Aurepalle 2 

Dokur3 
96.4 
84.0 

0.5 
15.0 

3.1 
1.0 

Medium-deep Vertisol and 
undependable rainfall 
Shirapur2 

Kalman' 
64.5 
77.6 

35.5 
22.1 

0.0 
0.3 

Medium-deep Vertisol and 
dependable 
Kanzara 2 

Kinkheda.1 

rainfall 
83.9 
92.2 

12.3 
7.7 

3.8 
0.1 

Deep Vertisol and 
high rainfall 
Boriya 4 

Rampura' 
67.1 
80.7 

25.5 
16.1 

7.4 
3.1 

I. Based on cropping season observations for 9389 cultivated plots.
2. Refers to 8cropping ycars, 1975/76 1982/83.
3. Refers to 5cropping years, 1975,76 1979,/80.
4. Refers to 3cropping years, 1980/81 1982/83. 

Teble 51. Contribution of tenancy to differences in factor intensity and output on owned and sharecropped land. 

Factor intensities 
tenancy effect, and Family labortenacy Hired laborefect andBullock 
percentage shares' Men Women Men Women (Iraft Seed Fertilizer Output 

3.8 4.3 2.6 77.8 
Mean difference 2 

12.1 10.2 2.9 12.0 
Tenancy effect' 20.6 21.3 3.4 14.0 7.6 7.6 -0.5 101.5 

(±3.9)4 (±3.4) (±2.8) (±6.3) (±1.4) (±3.3) (±3.4) (±25.0)Percentage mean difference" 33.2 55.2 19.1 32.1 22.7 26.5 20.6 32.6
Irrigation share 25.4 21.5 48.5 58.4 13.9 44.2 92.8 43.3Soil quality share 5.7 -5.7 3.1 5.7 6.8 -16.3 14.6 -0.5
Tenancy share 68.9 84.2 48.4 47.3 79.3 72.1 -7.4 57.2 
I. Based on 352 observations of mixce tenancy from the eight Indian study villages listed in Table 50.2. Difference in intensity of input between owned and sharecropped land. Labor and draft power are measured in h ha ' seed,

fertilizer, and output are in Rs ha-'.
3. Estimated regression coefficient for tenancy holding Rs ha 1 soil quality and irrigation differences constant. Positive valuesindicate that factor intensities or output were greater on owned relative to sharecropped land. 
4. Figures in parentheses are SE values. 
5. The share represents the percentage of the mean difference that can be attributed to each variable. The mean difference is

calculated relative to owned land. 
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18.7% reduction in output and a sizeabledecline 
in the average use of family labor and bullock 
draft. Differences in fertilizer use were almost 
entirely due to differences in access to irrigation, 
These results indicate that farmers are apt to 
apply less labor and draft 1 iwer to the same 
cropping system and to sow more extensive, 
lower-valued crops on land they sharecrop. 
Additional analysis of mixed tenancy showed 
that differences in input ratios were not large 
between owner-operated and fixed-rented fields, 

The data clearly support the popular perccp-
tion that sharecropping does result in fairly size-
able efficiency losses in dryland agriculture, 
Landlords cannot cost-effectively monitor tile 
work performance of tenants. 

What do these efficiency losses documented in 
Table 51 imply? Firstly, it is important to 
emphasize that they stem primarily from under-
utilization of labor and bullock draft per unit of 
land. Allocations of pu rclIased inputs such as 
inorganic fertilizer, at these relatively low-use 
levels were not sensitive to alternative tenurial 
forms and were largely conditioned by access to 
irrigation. Secondly and more importantly, it 
would be wrong to infer that banning or legally 
restricting sharecropping in these villages would 
yield significant gains to society. If the option of 
sharecropping was made less available, we sus-
pect that some of the owners would have had to 
fallow land that was subsequently sh, ecropped. 
Others would have cultivated land (that other-
wise would have been destined for sharecrop-
ping) as or even more extensively than did the 
prospective tenants. To the extent that the pri-
mary motivation for tenancy comes from risk 
sharing and resource adjustment, the inefficiency 
cost associated with sharecropping should be 
assigned to seasonally incomplete bullock rental 
and insurance markets. 

Determinants of Labor Supply 

There is growing concern that in the process of 
generating technological change in developing 
countries it should combine growth with equity. 
In countries like India where labor:land and 

labor:capital ratios are generally much higher 
than in other developing countries, this concern 
translates into a call for labor-using, and land
and capital-saving technological change. Assess
ment of the consequences of such technological 
changes on employment and wages requires 
knowledge of the parameters of the labor market. 

We earlier reported (ICR ISAT Annual Report 
1982, pp. 318-320) research oji the determinants 
of wages in the daily-rated casual labor market 
in six ICR ISAT study villages. To estimate labor 
supply and subsequently simulate the impact of 
improved technologies on labor earnings and 
household income, we also need to know the 
determinants of labor market participation and 
hours worked. 

The estimated results from a probit analysis of 
the decision to participate by men and women in 
the daily labor market are presented in Table 52. 
The probability of participation was primarily 
inlfluenced by nutritional status, health, wealth, 
skill, and caste for both men and women. 

Women who were adequately nourished (100% 
of standard) had a probability of participation, 
which was (.08 higher than those who had aver
age levels of' nutrition (83% of standard). For 
men, nutritional status had little effect on their 
probability of participation both statistically 
and numerically. 

The elasticity of the probability of participa
tion with respect to the value of farm assets was 
-0.75 for men and -0.43 for women. These elastic
ities are the major explanation for the relatively 
low probabilities of participation for men from 
large and relatively affluent farm households, 
rather thr,, their caste sf'itus fcr se. Indeed, 
those men from the second to highest caste 
group had a significantly higher participation 
probability than any other caste group. Caste 
plays a more dominant role for women, with 
those from the lowest caste group having a much 
higher probability of participation than women 
from the higher caste groups. 

Primarily because of family division and land 
subdivision, farm size has declined by about 50% 
from 10.7 ha in 1962/63 to 5.3 ha in 1982/83 in 
five of the six villages. The asset elasticities 
derived above suggest that labor market partici



pation by landowning families in five villages 
may have increased by up to 38% for men and 
22% for women as a result of the secular reduc-
tion in farm size. 

The "direct costs" of participation of women 
in terms of household confinement and child 
care had little effect on their decision to partici-
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pate in the hired labor market. A woman's par
ticipation in market work in these rural villages 
would not be affected by the demands on her 
time for 'household activities'. Going out to 
work in the labor market apparently means 
additional hours of work which women accept 
rather than curtail their market participation. 

Table 52. Determinants of the probability of participation by men and women in the daily hired-labor market in 

six southern Indian villages, 1975-78. 

Variables affecting partici- 
pation probability 2 

Continuous variables 
Weight-for-age index 
Height-for-age index 
Education in years 
Years of experience' 
Own children aged 5-12 in household 
Value of household's farm assets ('000 Rs) 
Other able men in household 
Disabled men in household 
Able women in household 
Young children aged 1-4 
years in household 

Births per woman 
'Babysitters' in household 

Discrete (dummy) variables 
If not a household head 
If caste 2 
If caste 3 
If caste 4 
If a tradesman or tradeswoman 
If a craftsman 
If a professional 
If unable to do hard field work 
If illiterate 
If married now 
If never been married 
If 'peak' season 

Probability 

Men Women 
Initial' Changes 2 Initial' Changes2 

0.25 -0.10 0.56 0.46 
0.25 0.26 0.56 -0.46 
0.25 -0.01 0.56 -0.02 
0.32 0.00 0.56 0.00 
0.25 -0.05 - -
0.25 -0.07 0.56 0.09 
0.25 -0.04 0.56 -0.04 
0.25 0.25 -
0.25 0.01 0.56 0.02 

- - 0.56 0.00 
- - 0.56 0.00 
- - 0.56 0.02 

0.17 0.20 0.54 0.03 
0.21 0.15 0.50 0.01 
0.21 0.01 0.50 0.01 
0.21 0.08 0.50 0.28 
0.29 -0.22 0.57 -0.12 
0.29 -0.01 0.57 -0.35 
0.29 -0.28 0.61 -0.31 
0.27 -0.24 0.61 -0.31 
0.24 0.03 0.59 -0.04 
0.18 0.10 0.57 -0.01 
0.18 0.02 0.57 -0.06 
0.25 0.02 0.56 0.01 

I. 	 Probability at mean level of all variables other than when considering the dummies of interest which are set to 7cro. The 
(village x year) dummies have not been included here. 

2. 	When continuous variables are increased by one unit, i.e., partial derivative of the probit probability and dummies are set to a 
value of I after the initial probability has been estimated with the dummies of interest set to zero instead ofat their mean levels 
in the data. 

3. 	These had both linear and quadratic terms in the probit. Before calculating the partial derivative of the probability function, 
the mean of the linear term was used in the quadratic term. 
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Table 53. Scenario analysis of effect of increased labor demand on labor market participation, wages, and 
household labor income for a representative household in the Indian SAT. 

After 50% increase 
Existing situation 1975-78 in effective labor demand 

Average family size 
No. of labor market participants 

Men 
Women 

Participation rates 
Men 
Women 

Wage rates (Rs d-1) 
Men 
Women 

h-ousehold labor income (Rs a-') 
Men 
Women 

Total 

Total household net income (Rs a -') 

8.37 8.37 

2.00 2.00 
2.00 2.00 

0.54 (0.44)1 0.81 
0.58 (0.45)1 0.87 

3.39 5.65 
1.90 2.R0 

1089 3341 
624 1778 

1713 5119 

4300 7706 

I. Figures inparentheses aire the participation rates adjusted for the probabilities of market employment of0.81 for men and 0.77 
for women. It isassumed there is no resultant unemployment after the increased labor demand. 

Combining information on the determinants 
of wages, participation, and hours worked, we 
found short-run elasticities of labor supply with 
respect to real daily wages in these six villages to 
be 0.75 for men and 1.05 for women. We encoun-
tered little evidence of a backward-bending 
labor supply response often speculated on and 
occassionally reported in the literature. 

Some prospective technologies for the Ver-
tisol regions of SAT India show promise of 
increasing labor requirements per hectare by
between 40 and 260% (ICRISAT Annual Report 
1982, pp. 309-313). Using the derived supply 
elasticities of 0.75 for men and 1.05 for women, 
the short-run effects of a 50% increase in effec-
tive labor demand from such technological change 
on a representative household are to increase 
wage rates of men by 67% and those of women 
by 48% (Table 53). 

These results suggest that for a typical family 
of eight people with four labor market partici-
pants in these south Indian villages, the elasticity 
of household labor earning with respect to shifts 
in labor demand is4.0. The equivalent elasticity 

of total household net income is 1.6. These 
parameters illustrate the potential that programs 
aimed at creating employment and employment
enhancing technological change can have on the 
welfare of low-income households who rely on 
wage earnings for their livelihood. 

Consumer Preferences for Groundnut Quality 
Characteristics 

Earlier, (ICRISAT Annual Reports, 1977/78, 
pp. 239-240, and 1979/80, p. 245) we reported 
our findings on the relationship between market 
prices and quality characteristics for sorghum 
cultivars. We extended that analysis to groundnut 
to obtain a quality index that can be used to rank 
modern groundnut varieties according to their 
likely acceptance in the market. 

We collected 163 pod samples from an assembly 
market in Andhra Pradesh where groundnuts 
from the postrainy season are traded and 207 
samples from four markets in Gujarat where 
rainy-season groundnuts are marketed. We re



corded the market prices and measured seven 
characteristics of the groundnut samples that 
were perceived by traders and groundnut breed-
ers to determine groundnut quality. These char-
acteristics were: shelling percentage, 100-seed 
mass, oil content, moisture content, and percen-
tages of shrivelled seed, damaged seed, and 
infested pods. 

We estimated a regression equation where the 
logarithm ofgroundnut price was expressed as a 
function of the seven quality characteristics and 
binary %ariables for each of the four Gujarat 
markets. The estimated coefficients indicate that 
shelling percentage, oil content, and 100-seed 
mass are the most important quality characteris-
tics (Table 54). The coefficients of percentage of 
damaged seed and percentage of infested pods, 
although statistically significant, are small. 
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Within the range of observations in our samples, 
those two qualitycharacteristics did not markedly 
reduce groundnut prices. 

We used the estimated coefficients of the qual
ity characteristics to rank 15 groundnut varieties 
bred by ICRISAT. We compared our ranking 
with the ranks assigned to the varieties by 14 
traders from groundnut markets in Andhra Pra
de,h. The two rankings showed only a weak 
correlation (rank correlation coefficient 0.48). 
Traders admitted having difficulties assessing 
new varieties unknown to them, or cultivars that 
have unfamiliar colors or pod shapes. To vali
date the relationship in Table 54, we plan to 
collect a new set of market samples, predict pri
ces based on our regression results, and compare 
those predicted prices with actual market prices. 
If we obtain a good fit between forecast and 

or ro 'ul4 

Groundnut buyers a( a mnarket in India assessing produce quality. 
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Table 54. Market price as a function of groundnut 
quality characteristics. 

Variable Regressiondescription coefficient SE 

Intercept 3.442 

Log shelling (%) 0.368** 
 ±0.0531 
Log kernel oil %0.230**Log 100-seed mass ±0.071(g) 0.085** ±0.026Log pod (%) -0.024 ±0.048
Shrivelled seed mass 

(% total seed) -0.001 ±0.001 
Damaged seed mass 
(%total seed mass) -0.009** ±0.001 

Infested pods 
(% total pods) -0.015" ±0.007 

Amreli market' 0.062** ±0.015 
Savarkundla market' 0.126"* ±0.012 
Gondal market' 0.061" ±0.015 
Rajkot market' 0.025 ±0.015 
RI 0.65 
F ratio (df = 11358) 62*** 
Number of observations 370 

I. Evaluated with reference to the Adoni market. 

actual prices, the regression results reported in 
Table 54 can be used to screen cultivars for con-
sumer preferences. 

Cooperative Activities 

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 
Burkina Faso, Mali, Niger, and Senegal for cli-
matological analysis of historical rainfall data. 

The multinational water-balance studies in 
Niger are conducted in cooperation with the 
national meteorological service and the Centre 
regional de formation et d'application en agro-
m~t orologie et hydrologic op&rationelle (AGR-
HYMET), Niamey. 

The soil fertility program conducts coopera
tive studies in villages with the Laboratory of 
Soils, Institut national de recherches agrono
miques du Niger (INRAN) and the Institut burkinab de la recherche agronomique et zootech
nique (IBRAZ) in Burkina Faso. The IITA/
ICRISAT cowpea program at ISC has con
ducted two joint trials with INRAN. One trial 
tested cowpea entries from ISC and the national 
program as sole crops at five locations in Niger 
with annual rainfall ranging from 300 to 800 
mm. The second was an evaluation of three con
trasting cowpea and pearl millet cultivars at 
three locations. We also have cooperative link
ages with SAFGRAD in Burkina Faso, and with 
the national programs of Mali and Senegal. 

Collaboration with Mentor Institutions 

Tropical Development and Research Institute, UK 

The Tropical Development and Research Insti
tute (TDRI), of the Overseas Development
Administration (ODA), UK has been collabora
ting with ICRISAT on research on Heliothis 
armigerasince April 1984. This work covers two 
main areas: studies of behavior and ecology, 
with special emphasis on adult movement and
flight behavior; and investigatlons into farmers' 
perception and management of H. armigera.
Assistance has also been given to ICRISAT 
pulse entomologists on the artificial rearing of 
H. armigera. Specialists from TDRI on bio
meteorology, flight physiology, and crop protec
tion economics have visited ICRISAT at various 
times for periods of up to 2 months to work on 
specific aspects of the project. In late 1985, a three
man radar entomology unit set up their equip
ment at ICRISAT to study flight behavior of H. 
armigera over crop areas. In addition, ecological 
studies of field populations were carried out on 
chickpea and pigeonpea crops; battery-operated 
light traps, set in a range of crops and cropping 
systems, were used to study changes in adult 
populations and female reproductive status. A 
major aim of this work is to assess the extent and 
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Figure 24. Backtracks from Hisar, 9-14 February 
1982, showing possible source of fleliothis armigera 
moths and the effect of a weather disturbance. 

Flight physiology. There is evidence from the 
literature that both the quality of larval food and 
adult feeding influence the flight behavior and 
reproductive performance of H. armigera. In 
view of the likely implications for long-distance 
movement, we studied the flight behavior of H. 
armigeraat ICRISAT Center using 'flight mills' 
to measure flight times and distances, 

A 'flight mill' consists of a freely rotating arm 
to which a moth is tethered; the revolutions are 
automatically recorded. Sixteen mills were set 
up in near-natural conditions. The day-old adults 
used in the tests were reared from a variety 
of hosts in the field, and provided with either a 
honey diet, water, or no food. Concurrent studies 
were made of the longevity and fecundity of both 
flown and unflown moths. Although the results 
were variable, most-prolonged flight was shown 

'.y moths which had received a pigeonpea diet as 
larvae but were not fed as adults, and by mothsfed on dough-stage sorghum as larvae, and on a 
honey diet as adults. Sustained flights of over 30 
km were recorded, indicating a considc:able 
potential for dispersal. This work iscontinuing. 

Farmers' perception survey. We made a survey 
of farmers' perception of H. armigera to gain
information on farmers' recognition of H. armi
gera as a pest, their views on its importance ontheir crops relative to other production con
straints, and on what measures they take to 
combat it.

Nearly all of the farmers (95%) in five VLS

villages in Andhra Pradesh and Maharashtra 
recognized the caterpillars and 30% regarded H. 
armigera as the most important production con
straint on pigeonpea and chickpea. Insecticides 
were recognized as being the most effective 
merins to control larvae, although the propor
tions of farmers using them varied greatly between 
villages (37-93%). Just under 50% did not apply 
insecticide until damage was seen, even though 
over 70% were able to detect larvae before they 
were big enough to cause much damage. 

Institute of Hydrology, UK 

We started a new project at ISC in the 1985 
cropping season to study the detailed processes 
of evaporation from a sparse dryland pearl
millet crop. In this type of vegetation much of 
the rainfall is lost as direct evaporation from the 
soil and conventional methods of calculating 
crop-water use could be inaccurate. The princi
pal aim of this study is to make measurements of 
soil evaporation, transpiration, and total evapo
transpiration and to use these to develop models 
that will give more accurate predictions of 
sparse-crop evaporation. A model that quanti
fies the amounts of water used by the plants, and 
lost as soil evaporation should prove useful in 
assessing different crop-management practices 
that attempt to make more efficient use of the 
limited soil water supply. 

In September and October 1r85, we made 
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preliminary measurements of evaporation on a 
4-ha plot of pearl millet to assess the perfor-
mance of a number of techniques. Total evapo-
ration was measured using two "Hydras", micro-
meteorological devices designed at the Institute 
of Hydrology, UK. An early version of the 
Hydra (MK I) had previously been found to 
underestimate evaporation by about 30% in a 
hot, arid climate. The instrument has since been 
redesigned and the prototype of this new version 
(M K 2) was compared with M K I (Fig. 25). We 
calculated transpiration from measurements of 
stomatal conductance and leaf area index (LAI) 
using the Penman-Monteith equation. The soil 
component of evaporation was estimated using 
small portable soil lysimeters weighed hourly 
throughout the day. 

Comparison between Hydras MK I and 2 
showed that the improvements incorporated 
into the new design had removed the systematic 
errors found in the M K I instrument. The sum of 
the Outgoing fluxes of heat and water vapor 
measured by the MK 20o1 average, balanced the 
incoming available radiational energy. This indi
cates that, within the limits of experimental error 
(approximately ±I0§% ).the M K 2 Hydra can suc
cessfully make direct measurements of the evap
oration in this environment. 

Figure 26 shows an example of the compo
nents of evaporation on a day (19 September) 
when the soil was wet ( 17 mm of rain had fallen 
in the previous 2 days). Despite the high evapo
rative demand, transpiration was only 0.9 mm 
on this day, primarily duc to the very low LAI 

-41 

Figure 25. Measurement of evaporation from a pearl millet crop. Micrometeorological instrumentation from left 
to right, Hydra 2, two automatic weather stations, Hydra I (insert, enlarged Hydra 2). ISC, Niger, rainy season 
1985. 
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a pearl millet At ISC we had four students from l'Ecole crop on 19 September, a clear dry when the soil was d'agronomie, University of Niamey workingwet, ISC, Niger, rainy season 1985. with us during 1985. Two worked with our 

agroclinmatologist on transpiration patterns in 
pearl millet and cowpea, and pearl millet pro(0.26) at the time. In contrast, soil evaporation duction under normal and assured rainfall. The 

was high (2.1 inn), indicating the important con- other two worked on effects of fertilizers on
tribution thal direct soil evaporation can make pearl millet, and on the interaction of organic
on days following rain. The total evaporation, manure and natural phosphate on pearl millet.
calculated as the sum of transpiration and soil In addition, graduate students from the Agricul
evaporation, was 3.0 mm, in good agreement tural Training School, Niger came to ISC for awith that given by the Hydra M K 2 (2.9 am). one-week course to gain practical experience as

Soil evaporation decreased rapidly as the soil agricultural technicians in such aspects as animaldried, so that 5days later, on 24 September, only traction, tractor and equipment operations, agri
().2 mm of water was lost directlv from the soil, cultural surveying, and the use of the rainfall
whercas transpiration remained at 0).9 mam. simulator. A scientist from Togo visited ISC for


These preliminary results are very encourag- 2 weeks training with the IFDC program.

ing since they suggest that the Hydra MK 2 can
 
now provide reliable measurements of evapora
tion in extremely hot arid climates. The results In-service Economics Training Course
 
also demonstrate the importance of soil evapo
ration in the water balance of sparse crops. With We held 
our second 6-week in-service training
a cumulative soil evaporation of arot:ld 5 mn program for economists working in national
after each substantial rainstorm, it is feasible agricultural research programs in the SAT. The

that some 15-20% of rainfall is lost by direct soil 
 objectives ofthe program were to strengthen the
evaporation over an entire cropping season in ability of participants to identify constraints to
tile Sahelian region. agricultural production in the SAT, propose and 

evaluate means for alleviating or removing pro
duction constraints, infuse a farming systemsTraining perspective into agricultural research, and famil
iarize participants with microcomputers andDuring 1985, 19 persons worked in the Resource their use in economics research. 

Management Program as part of their training The program was attended by I I participants,
program at ICRISAT. One International Intern mainly from Africar national agricultural re
completed a 2-year postdoctoral program on search agencies. Six African countries were 
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represented: Burkina Fso, Ethiopia, Kenya, nology assessment. The trainees were taught 
Malawi, Nigeria, and Sudan. We hope that the budgeting analysis and whole-farm modeling 
attendance of two women participanits reflects and they were helped to solve small problems on 
an increasing role of women in agricultural microcomputers. They were introduced to ICRI
research. SAT's marketing studies in order to enhance 

In the syllabus, considerable emphasis was their awareness of factors affecting the adoption 
placed on surveys. The topics covered comprised and profitability of agricultural technologies 
informal as well as formal survey methods, saim- that lie outside the realm of farms. A substantial 
pie and questionnaire design. and survey man- amount of time was devoted to response func
agement. The trainees had a chance to exercise tion analysis, particularly the analysis of fertil
their surveying abilities during a visit to an izer respon.: . Following a request from several 
ICRISAT study village. This excursion also pro- trainees, we introduced a section on regression 
vided an opportunity for trainees to compare analysis. 
village life and production conditions in the Since tle best research results are likely to 
Indian SAI with those in their home countries. have only a diminished impact when they are 

A special feature of lie program was the poorly communicated, a small section on report 
introduction to microcomputers and their uses writing and graphical data presentation was 
in agricultural economics research. A core see- included in the program. 
tion of the program was concerned with tech- Inresponse to feedback wc obtained from the 

11,i~&.41EEG 1 A0 

-adr 

In-service trinees isatching ;in Indiian Inoiisesv' pcJreparing foodI during theinr visit to -,in I( IISAT study village. 
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trainees, we will offer similar training programs 
in the future when more emphasis will be given 
to data collection, data processing, and analysis. 

Improved Vertisol Technology Training 
Program 


During 1985, six training courses were con-
ducted on various aspects of ICRISAT's ima-
proved deep-Vertisol technology.These programs 
trained a total of 153 officers, who represented 
the state departments of agriculture of Andhra 
Pradesh. Karnataka, Maharashtra, and Mad-
hya Pradesh; the State Bank Institute of Rural 
l)evelopment: find Syndicate Thethe Bank. 
initial training organized at ICRISAT worked 
well in terms of providing the necessary back-
ground and exposure to the basic elements of the 
technology, 

Workshops, Conferences, and 
Seminars 


Inaugural IBSRAM Workshop on 

Management of Vertisols for 

Improved Agricultural Production 


An inaugural workshop on the management of 
Vertisols for improved productivity was held at 
ICRISAT Center on 18-22 February, 1985 attend 
ed by over 60 participants from more than 26 
countries, and sponsored jointly by ICRISAT 
and the Soil Management Support Services 
(SMSS). It was cosponsored by the Australian 
Centre for International Agricultural Research 
(ACIAR), the Australian Development Assist-
ance Bureau (ADAB), the Agency for Interna-
tional l)evelopmnent (All)), the International 
)evelopment Research Centre (II)RC), and the 

Institut francais de recherche scicntifi(tuc pour Ic 
d~veloppenient en coop ration (ORSTOM).The 
main objective of the workshop to deter-was 
mine the extent of st port for the formation of a 
Vertisols Soils Network, whose aim is to assist 

national agricultural research programs in de
veloping their own research capabilities to irm
prove productivity on Vertisols. The Vertisols 
network is one of four that are being initiated by
the International Board for Soil Research and 
Management (iBS RAM). 

The workshop was structured to provide a 
series of papers that discussed tile properties of 
Vertisols in some important agroclimatic zones, 
examples of improved management systems (or 
components of these), and the advantages of 
networks. Group discussions were held to deter
mine participants'views on the need, foi-charac
terization of soils, management under irrigated 
as well as rainfed agriculture, and validation of 
improved or promising technologies. Partici
pants vigorously discussed the ways in which 
networks could be formed and operated; they 
strongly supported the proposal to form net
works, and assisted in developing an outline to 
develop project proposals. 

Network formation was originally proposed
because it was seen as an efficient means to 
rapidly transfer improved management practi
ces amongst member countries of the network, 
and thus accelerate improvement in productivity 
on these greaty upderutilized soils. However,the participants also indicated the need to iden
tify high-priority areas of research. 

Copies of the sunmary report are available
 
from Information Services, ICRISAT. Full pro
ceedings are in preparation.
 

Training Needs for Dryland 
Agriculture 

A workshop on the training needs of dryland 
agriculture, with particular reference to the deep 
Vertisol technology was held at ICRISAT Cen
ter, 17-18 July 1985. The objectives of the work
shop wcre to focus on area-specific problems of 
dryland agriculture and the production potential 
of Vertisols and Alfisols and to discuss the train
ing requirement for implementing the water
shed-based technology. Participants included 16 
directors of' agriculture, directors of research 
and extension education from the agricultural 



universities of Andhra Pradesh, Karnataka, and 
Maharashtra and scientists from ICAR, ICRI-
SAT, the Central Research Institute for Dryland 
Agriculture (CRIDA), and the National Insti
tute of Rural Development (NIRD). 

The workshop drew attention to the problems
of dryland agriculture and discussed the various 
aspects of improved technologies developed for 
Vertisols by ICRISAT and for Alfisols by ICAR 
institutions (including agricultural universities). 
Emphasis was laid on the manag::ment of a 
watershed as an ecological and functional unit. 
The problems and experiences gained in the 
planning and implementation ofwatershed-based 
land-and-water-management and crop-produc
tion technologies in different states were dis-
cussed and attention focused on the training 
needs for effective extension of improved dry
land agriculture technology.

Copies of the proceedings are available from 
Information Services, I'RISAT. 

Working Group Meeting on Agro
forestry Research in the Semi-Arid 

Tropics 


The objectives of the meeting were to review 
agroforestry r-searclh in the SAT, especially in 
India, to establish links and collaboration among 
institutions doing agroforestry research, and to 
develop a network for agroforcstry research in 
India and Africa. The meeting was held at 
ICRISAT Center on 5-6 August 1985 and the 30 
participants represented research institutions 
such as the Indian Counncii of Agricultural 
Research (ICAR), the International Council for 
Research in Agroforestry (ICRAF), and ICRI-
SAT, the funding agency (F:ord Foundation), 
industry, and voluntary organizations.

Working groups recommended that the agro-
forestry research must aim to increase and stabil-
ize the income of the small farmer in the SAT. 
Specific socioeconomic recommendations include 
studies of market demand and supply ofagrofo-
restry products, identifying potentially appro-
priate agroforestry systems and to assess long-

Resource Management 337 

-

" 

U 

Agroforestry workshop participants visiting ongoing 
experimIents at ICRISAT Center. 

term effects on soil and water conservation. 
Priority areas for agronomic research were listed 
and an inventory of the existing research in India 
was made. It was agreed that it would be advan
tagcous for ICRISAT and ICAR to collaborate 
closely on agroforestry research and common 
experiments should be installed to ensure that ihe 
generated infformation is widely adapted. 

Copies of a report on the meeting are available 
from Information Services, IC, ISAT. 

Symposium and Training Workshop 
on the Agrometeorology of Groundnut 

Agricultural researchers and agrometeorologists 
from 16 countries joined ICR ISAT scientists in 
Niamey, Niger, 14-26 August, to review and dis
cuss our present knowledge of clinmatic factors 
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that primarily influence groundnut yields in the 
semi-arid dryland agriculture of the tropics. The 
techniques and methods to describe the weather 
risks to crop production was the central theme of 
discussions. 

The Training Workshop and the Symposium 
were jointly sponsored by ICRISAT, the World 
Meteorological Organization (WMO, an agency 
of the United Nations), the Peanut Cooperative 
Research Support Program (Peanut CRSP) of 
the U.S. Agency for International Development, 
and the Food and Agriculture Organization of 
the United Nations (FAO). Other cosponsors 
were the Centre regional de formation et d'appli-
cation en agromlt~orologic et hydrologic op&a-
tionnelle (AGRHYM ET), Niamey, and the Insti-
tut national de recherches agronomiques du 
Niger (IN RAN). 

There were 80 participants in the sessions 
which began with a series of training workshop 
ni l-tings 14-20 August and ended with a 5-day 
symposium 21-26 August. The meeting was 
opened by His Excellency the Minister for 
Higher Education, Government of Niger, who 
also chaired the closing session. 

The presymposium training workshop was 
attended by 12 agroclimatologists drawn from 
10 African countries. During the workshop, the 
participants we' egiven 'hands on' training in the 
use of computers for agrometcorological data 
storage, retrieval, and analysis. They also made 
field visits to study crop phenology, soil and 
plant w;ater status, and automatic data acquisi-
tion systems. 

At the symposium the participants reviewed 
the recent climatic changes that are occurring in 
the Sub-Saharan region and their impact on 
Sahelian agriculture. The gaps in our current 
knowledge on tk,response of groundnut to its 
growing environment were identified. Priority 
research areas for collaborative research were 
noted, and an action plan for national and inter-
national research formulated. AGRHYMET in 
association with ICRISAT and Kansas State 
University, USA has launched a project to assist 
further understanding of rainfall variability in 
Sahelian groundnut-growing areas. WMO and 
AGRHYMET in association with the National 

Agrometeorological Service of Niger have made 
plans to provide operational weather informa
tion to farmers and agriculturists on the occur
rence of droughts, pests, and diseases. 

Copies of the symposium proceedings are 
available from Information Services, ICRISAT. 

Looking Ahead 
Following tae formation of the new Resource 
Management Program in 1985, a year or two will 
be required to consolidate our research results. 
At the same time new modes for conducting 
interdisciplinary research in so-called task teams, 
which will operate on specifically assigned bud
gets will be developed by the program. 

Most of the ongoing research projects should 
be completed by 1987, to make way for new, 
largely interdisciplinary projects. Such new pro
jects will ensure maximum collaboration with 
national programs and institutions. 

Research thrusts in India will emphasize the 
Vertic soils in low, medium, and high rainfall 
areas, the shallow Alfisols under low and medium 
rainfall and the deep Vertisols under low rainfall. 

For the Vertisols where rainfall isassured, our 
efforts in India are being reduced, our on-farm 
testing has been completed and this activity has 
been taken up by national programs. Compo
nent research is now confined to those aspects 
important to the long-term stability of the new 
system (e.g., rotations), or aspects on which 
problems arise in on-farm testing. However, 
some countries outside India with similar soils 
and environment have indicated an interest in 
the double-cropping technology. For these 
countries, new component research will be initi
ated to handle the different problems that will 
arise in these similar, but not identical, environ
ments to those in India. 

For the Vertisols where rainfall isnot assured, 
diagnostic and new component research isneeded. 
We will initiate new programs for this target area 
in 1986. 

In Africa, the sandy soils of West Africa in low 
and medium rainfall zones rank highest; work 



on these will be undertaken at lSC. lnviewofthe 
overriding importance of efficient use of water 
resources to achieve yield stability in the West 
African Sahel, we will continue to emphasize our 
agroclimatic studies aimed at resource charac-
terization. A description of drought probabili-
ties in the sorghum- and millet-growing regions 
of West Africa will receive emphasis. We will 
continue our studies on water balance at three 
locations in Niger, and will start a similar study 
in Mali in 1986. 

In the area of soil fertility, we will continue our 
research on phosphorus, nitrogen, and sulfur 
and will expand our studies on crop residues. We 
will continue the long-term soil management 
experiment, plant establishment studies, and 
physical characterization of sandy soils. We will 
contribute to the operational-scale research effort 
in wnich we will study soil management aspects 
in conjunction with aninal traction. We hope to 
expand our collaborative efforts into the wetter 
part of the Sahelian zone. 

With the availability of high-yielding, short-
duration cowpea, new cropping systems are 
likely to develop. There is already interest in 
growing short-duration crops under limited irri
gation and on residual soil moisture, as well as in 
rotation with rice along the rivers. Growing 
cowpea in pure stands is also becoming attrac
tive. Therefore, work at ISC will continue to 
evaluate short-duration cultivars suitable for the 
various cropping systems. Closer collaboration 
with national programs will be intensified to 
evolve feasible and economically viable alterna
tives for the regicn, through the use of high
yielding, drought-tolerant cultivars, improved 
fertility, plant-protection msures, and increased 
plant population. 

The Vertisol areas of eastern Africa (Ethiopia, 
Sudan) under low and medium rainfall zones, 
fall under the mandate of ICRISAT Center. 

Alfisols and Entisols in low-rainfall areas in 
southern Africa represent a third category, and 
research for these areas will be conducted by 
scientists at ICRISAT Center until a resource-
management group can be established in our 
southern African regional project in Zimbabwe. 
For these areas, collaborative research projects 
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will be developed with national and interna
tional institutions to which ICRISAT can con
tribute its experience on Vertisol management in 
India. 

We recognize the importance of particular 
aspects of resource management research in each 
region including the remaining SAT regions and 
we have made initial contacts with national pro
gramis for collaborative work on such aspects. In 
the Asian region (other than India), for instance, 
we plan to make a collaborative study on the 
comparative production cost of pulses and re
gional demand, to identify the potentials for 
both production and interregional exchange of 
pulses. We have been asked to help in formulat
ing a master plan for the Research Institute for 
Food Crops at Maros, Indonesia, that will 
address the problems of rainfed agriculture in 
eastern Indonesia. 

In Latin America, we have contributed a con
sultant's report to plans for agricultural research 
in northeastern Brazil, and we are in contact 
with scientists there about collaborative work in 
cropping systems and water management. 
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The requests from Ministi ies of Agriculture and 
National Programs for ICRISAT to provide 
training for research scientists, technicians, ex
tension personnel, and students continued to 
increase. This resulted in an increased number of 
participants (22%) and increased weeks of train
ing (31%) at ICRISAT Center (Table I).The 
participants represented 49 countries (Table 2) 
With these participants the number ofcountries, 
which have sent participants for an ICRISAT 
long-term training program, increased to 70. 
The requests to assist students were greater th an 
the staff could accommodate at ICRISAT Cen
ter and in the regional stations. 

Postdoctoral Fellowships 

Three international interns completed 2-year 
study programs related to optimizing the use of 
light and water by groundnut plants improving 
on-farm research techniques for deep Vertisols 
and the identification of insect migration patt
erns to potentially identify techniques that would 
redt,ce insect damage to crops. Research fellows British international intern assembling a pheromone 

reported on their studies related to the epidemi- trap used in his studies on the migration of Heliothis 
ology of pigeonpea blight, environmental effects armigera moths. 

Table 1. Numbers of trainees in long-term training programs, ICRISAT Center, 1985. 

Category 

International Interns 
Research Fellows 
In-service Fellows 
Research Scholars 
In-service Trainees 
Apprentices 

Total present 

I. + = the number continuing into 1985. 
2. Different countries. 

Number Weeks Countries 

3+ 61 376 3 
4+ 5 394 1 

32 140 21 
10+20 934 II 

109+ 1 2646 38 
3+ 2 76 4 

161+34 4566 492 
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Table 2. Participants by region, country, and category who completed long-term programs at ICRISAT Center 
during 1985. 
Country III RF IF RS IT Ap Total 
Western Africa
Benin 
Burkina Faso 
Burundi 
Chad 
Ghana 
Guinea 
Mali 
Mauritania 
Morocco 
Niger 
Nigeria 
Senegal 

1 

1 

0+11 

0+1 

2 
3 
I 
I 
2 
4 
3 
I 

2 
4 
5 

2 
4 
I 
I 
2+1 
4 
3+1 
I 
I 
2 
4 
6 

Eastern Africa 
Ethiopia 
Kenya 
Rwanda 
Somalia 
Sudan 
Uganda 

1 

1 

1 

0+1 
2 

0+3 

4 
2 
1 
3 
7 
2 

5+1 
4 
2 
3+3 
8 
2 

Southern Africa 
Botswana 
Malawi 
Mozambique 
Tanzania 
Zambia 

0+1 

4 
4 
I 
6 
2 

4 
4 
1+! 
6 
2 

Asia 
Bangladesh 
Burma 
China 
Fiji 
India 
Indonesia 
Iran 
Iraq 
Korea (South) 

4+5 

4 

I 
I 
5 

I 

I 

5+7 

1 
4 
5 

2 
4 
1 
I 

1 

5 
4 
6 
I 

17+12 
4 
2 
I 

Nepal
Pakistan 
Philippines 
Sri Lanka 
Syria 
Thailand 
Yemen Arab Republic 

I 
2 
2 
2 
1 
I 

5+1 
4 
1 

11 
I 

2 
7+1 
6 
2 

12 
I 

Continued. 
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Table 2. Continued. 

Country 	 II' RF IF RS IT Ap Total 

Southern America 
Chile I I
 
Dominican Republic I I
 
Guatemala 
 I I
 
Honduras I 
 I 
Mexico 	 2 2 4
 

Others
 
Australia 	 0+1 0+1 0+2 
Federal Republic of Germany 1 2+4 3+4 
Netherlands 1 2 3 
UK 3+2 0+1 0+1 3+4 
USA 	 0+3 
 0+1 	 0+4
 

Total 	 3+6 4+5 32 10+20 109+1 3+2 161+34 

I. 	 11=International Intern, RF =Research Fellow, IF = In-service Fellow, RS= Research Scholar, IT= In-service Trainee, Ap 
Apprentice. 

2. 	+= the number continuing into 1986. 

on nitrogen fixation in groundnuts, the genetics Research Scholarships 
ofwilt resistance in pigeonpea, and characteriza
tion of nematodes in pulses and other crops. Master of Science students from four countries 

were successfully guided by scientists on eight
theses, related to the study of wilt-resistance 
breeding methods in pigeonpea, relations of

In-service Fellowships 	 credit availability, interspecies competition and 
optimum plant type in sorghum, markets for 

The increased nomination of senior scientists commercial inputs and their influences on farm 
employed in Ministries of Agriculture, Universi- production, water management and its supply
ties, and research development agencies resulted response to production influence of drought
in 32scientists from21 countries completing 140 stress on groundnut seed quality, development
man-weeks of intensive study. They were asso- of methods for optimally dehulling sorghum
ciated with ICRISAT scientists to study special- grain, and the effects of intercropping systems
ized research methods and techniques in micro- on sorghum genotypes. Two students worked on 
biology, physiology, pathology, plant breeding their Doctoral (PhD) theses. They studied the 
and genetics, research-farm design, development influence of photoperiod on groundnut growth,
and management, climatology, entomology, sys- and the identification of chemicals in pulse 
tems of intc-, relay, and sequential cropping, plants related to insect-pest resistance. 
and management of natural resources in relation Six students from Niger and one from Togo 
to improved food production. were supervised by ICRISAT scientists in Niger,

An intensive 2-week pulse pathology training four in Burkina Faso, and four in Senegal. Their 
course stressed the current methodologies for BSc or Ing~nieur Agronome degree thesis topics
identifying causal pathogens and screening germ- were related to screening for Striga resistance,
plasm accessions for sources of resistance to be entomology, drought and yield, millet and sor
used in plant populations in farmers' fields. ghum agronomy, and agroclimatology. 
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Burma collecting threshed grain from experimental plots; Ethiopian research scholar comparing chickpea genotypes. 
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In-service Training Programs .. :9:. 

Requests for ICRISAT's 6-month training pro 
grams resulted in the acceptance of tile largest 
group in the history of our training programs 

This year we provided experience in research 
0 . 

A 

planning and management for effective evaltia
tion of technology being tested, data callection
and its evaluation, effective inlthods for con- .'., 

munication of Improved techniques, and basic .. W 
agronomy for increased and stabili/ed food crop . . 
production in rainfed conditions. Individtali/ed , 
schedules in the cereals, pulses, and groundnut '" 
progranis involved conducting field and la bor a-
tory experiments in population impr vemcnt -

.... 

met hods, varietyv testing a d selection for e il.. 
rorncnt al adaptation for Vicld, identify'Ning dis
ease and insect resistances, and tile influences of 
nanagellielt oi selection and Vield responses. 
The crop production agrononliV and extension 
methods participants studied the influcnccs of 1 

various types and rates of fcrtilier mater iai on 
crop responses, plant dcri.sity influence on 'icld, 

nethods of demonstrating irmproved varieties A 
and tc hniqucs, and methods for successfully 
transferring improved tccitlom',y to food pro- ". -
dcers in raififed-farm irig areas.I lie reriainiing Apprentice front the Netherlands working on 
participants received practical experiences related groundnuts. 
to their interests in cropping systenis, land and 
water management, developinent and use (f 
improved ani nal-drawn eq uipiment, and tile 
economics of improved technologies. They re- handle data, gain work experience, and subse
ceived limited ::!inirg,:nd experience in research quently write a report. Participants were pro
farm development and management techniques. vided experience in i a semi-arid agricultural 

Six scientists from Cent ral American regional research environment, which is expected to be of 
programs (two from Mexico, two from Guate- benefit when tihey return to their undergraduate 
mala, one from El Salvad or. and one from Costa degree course, enter employment, or undertake 
Rica) received 5 iontihs training in sorghurn postgraduate studies in scm i-arid agriculture 
improvement and prod uction at CI MM YT. prog airs. 

Apprenticeships Short-term Courses 

Self-sponsored apprenticeships were provided Two-day intensive courses were held for 15 
for a few participants during their university employees of State Banks and 18 State Depart
holidays, or as a part of' their required work- mnit of Agriculture employces. The courses 
study programs. Each participant was assigned were designed to transfer tcchnology for increas
to an ongoing research project to collect and ing tile production of crops during the rainy 
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season on the rainfed deep Vertisols of India. 
The participants were selected to be associated 
with State deep Vertisol watershed development
projects for the implementation of the broad
bed-and-furrow technology in their village crop 
improvement programs. 

Looking Ahead 

Postdoctoral fellowships and student research 
thesis scholarships will be available (10-20 per
year) on research topics related to plant breed
ing, physiology, microbiology, pathology, cyto
genetics, entomology, agronomy, land and water 
management, agricultural economics, agrocli
matology, and resource management within 
ongoing research projects. One to 6 months spe
cialist training for national research scientists 
(15-20 per year) will be available in research 
disciplines as in-service fellowships. The crop
improvement, crop production, and resource 
management's 6-month in-service training pro
grams will be able to accommodate the increased 
requests for training of technicians, scientists, 
and extension personnel. Intensive courses in 
legume pathology and agricultural economics 
are planned for 1987. 
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RESEARCH SUPPORT ACTIVITIES
 

Plant Quarantine 
The Plant Quarantine Unit isresponsible for the 
phytosanitary examination of ICRISAT man-
date crop seeds for export. It also carries out 
surveillance for pests and diseases in the posten-
try quarantine isolation area in conjunction with 
the Government of India National Plant Quar-
antine Services, and heips in the harvest of 
healthy first-generation seeds for release to ICRI-
SAT scientists. 

While exporting seeds, all samples leaving 
ICRISAT are examined and certified to be sub-
stantially free from pests and diseases by the 
quarantine authorities of the Government of 
India before dispatch. The plant quarantine 
rules and regulations of the importing countries 
are strictly followed in cooperation with Central 
Plant Protection Training Institute (CPPTI) 
and the National Bureau of Plant Genetic Re-
sources (NBPGR). 

Plant Material Exports 

During 1985 there was a 37% increase in seed 
exports. A total of 65450 seed and plant samples 
of our mandate crops and minor millets were 
exported to scientists and cooperators in 99 
countries (Table 1). Seeds comprising 510 sets of 
various international trials and nurseries sup
plied by crop improvement programs for multi
locational testing were dispatched to 184 collab
orative research stations in 74 countries. Other 
material exported included germplasm acces
sions from the ICRISAT gene bank, breeding 
and segregating lines, genotypes for chemical 
analysis, and physiological and nitrogen-fixation 
studies. We also exported 83 units of Rhizobium 
strains as peat inoculants or agar slopes to 17 
institutions in 14 countries, and six samples of 
Striga seeds to collaborating scientists in the 
UK. 

Table I. Plant material exports of ICRISAT mandate crops during 1985. 
Country Sorghum Pearl millet Chickpea Pigeonpea Groundnut Minor millets 

AFRICA 

Angola 59 
Benin 47 
Botswana 218 5 40 
Burkina Faso 6186 203 3 128 
Burundi 263 3 
Cameroon 823 110 28 
Cape Verde Islands 222 5 
Chad 141 57
 
Congo 20 154 
Egypt 194 202 16 
 57
 
Ethiopia 454 11 342 73 33 15 
Gabon 
 25
 
Gambia 86 4 40 
Ghana 346 196 3 54
 

Continued 
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Table 1. Contnued. 

Country Sorght..m Pearl millet Chickpea Pigeonpea Groundnut Minor millets 
Guinea 72 18 72 15 
Guinea Bissau 19 20 20 
Ivory Coast 10 6 
Kenya 130 32 359 83 12 
Liberia 50 50 64 8 
Malawi 372 18 99 208 237 
Mali 728 50 61 120 
Mozambique 621 66 59 
Niger 884 976 10 7 104 
Nigeria 8 2 
Rwanda 395 100 20 19 
Senegal 532 393 44 
Sierra Leone 867 119 56 
Somalia 460 
Sudan 391 350 152 23 94 
Swaziland 64 22 
Tanzania 440 64 
Togo 3 
Tunisia 256 
Uganda 351 
Zaire 4 19 
Zambia 1 157 1847 93 88 33 
Zimbabwe 5780 1082 120 145 

ASIA 

Bangladesh 891 60 549 
Bhutan 
Burma 72 50 565 390 156 
China 788 65 43 302 
Indonesia 77 5 40 159 
Iran 765 662 
Iraq 3 152 
Israel 122 9 
Japan 154 50 50 50 52 
Korea 75 221 79 100 100 
Malaysia 6 37 
Nepal 72 10 1031 20 49 
Pakistan 1150 343 2509 11 76 
Philippines 1536 48 64 264 233 
Saudi Arabia 51 
S:i Lanka 72 i 16 24 
Syria 527 
Taiwan 24 7 I 31 110 
Thailand 978 37 13 107 306 
Turkey 25 65 
Yemen (AR) 1630 114 152 

Continued 



Research Support Activities 355 

Table 1. Continued. 

Country Sorghum Pearl millet Chickpea Pigeonpea Groundnut Minor millets 

THE AMERICAS 

Argentina 
Belize 
Bolivia 
Brazil 
Canada 
Caroline Islands 
Chile 
Colombia 
Costa Rica 
Dominican Republic 
Ecuador 
El Salvador 
Guatemala 
Guyana 
Haiti 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Panama 
Peru 
Puerto Rico 
Surinam 
Trinidad 
Uruguay 
USA 
Venezuela 

1253 

122 
32 

249 

329 
172 
182 
114 
481 
602 

72 
696 

1141 
174 
72 
If 

72 

100 
773 
712 

145 
8 

50 

5 
7 

25 
247 

15 

152 
248 

322 

156 
264 

50 

6 

825 

152 

64 

184 

117 

53 
27 

20 
4 

123 
16 

30 

56 
70 

157 
3 

2 
.3 

32 

50 

29 

19 

19 
1 

347 

EUROPE 

Belgium 
Canary Islands 
Cyprus 
Federal Republic of Germany 
France 
Greece 
Italy 
Portugal 
Spain 
UK 
USSR 

71 

39 
188 

98 

1164 
36 

19 

25 

200 

8 

10 

152 
16 

152 

10 

21 

29 

30 

41 

24 50 

AUSTRALASIA 

Australia 
Fiji 
New Zealand 

247 109 152 

4 

150 
2 

55 

38716 7413 11739 3063 4354 165 
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Plant Material Imports 

The National Plant Quarantine Service released 
35 consignments comprising 4338 samples of 
seed and plant materials from 27 countries 
(Table 2) to ICRISAT. 

The Government of India's plant quarantine 
unit located at CPPTI, Hyderabad, released 
4056 healthy seed samples of sorghum, pearl 
millet, chickpea, pigeonpea and its wild rela
tives, and 273 groundnut plants. The groundnut 
plants were subjected to growing-on tests against 

Table 2. Plant material Imports of ICRISAT mandate crops during 1985. 
Country Sorghum Pearl millet Chickpea Pigeonpea Groundnut Minor millets 
AFRICA 

Burkina Faso 
Kenya 
Lesotho 
Malawi 
Niger 
South Africa 
Swaziland 
Tanzania 
Zimbabwe 

250 

32 
184 

5 
647 

87 

350 

12 
263 

49 

90 

ASIA 

Bangladesh 
China 
Indonesia 
Syria 
Yemen (AR) 

51 

329 34 

131 

1241 

6 

18 

THE AMERICAS 

Barbados 
Brazil 
Dominican Republic 
Grenada 
Mexico 
Puerto Rico 
St.Lucia 
St.Vincent 
Trinidad and Tobago 
USA 

! 
1 
1 13 76 

17 
10 
56 
13 

42 
18 
19 
70 

183 

EUROPE 

Italy 
USSR 

3 
9 

AUSTRALASIA 

Australia 26 

1501 760 1451 344 273 9 
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viruses in an insect-proof screen house. Nine . 

samples of minor millets were released by NB- 1,OPK 

PGR, New Delhi, and forwarded to the Genetic 
Resources Unit (GRU). The Plant Quarantine 
and Fumigation Station at Sahar, Bombay, 
released 81 samples of Rhizobium nodules, col

lected in Malawi. 

-Postentry Quarantine Isohtion Area 
(PEQIA) 

Before seed and plant samples are released offi- " 
cially they are grown in isolation. We raised 3660 
accessions of our mandate crops and wild legumes 
such as Flemingia strobilifera,F. macrophylla, Imported seed consignments are vacuum fumigated 
F.lineata,F.bracteata,Rhyncosia minima, and on arrival at the Central Plant Protection and Train-
Atylosia scarabaeoidesin the PEQIA at ICRI- ing Institute (CPPTI), Hyderabad, before the seeds 
SAT Center. This included 366 chickpea lines are examined for signs of disease or insect infestation. 

NV
 

After crops are harvested in the postentry quarantine isolation area (PEQIA), the crop residue is burned to avoid 
any possible spread of diseases, Insect pests, or other contaminants. 
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from the International Center for Agricultural
Research in the Dry Areas (ICARDA) that were 
grown under shelters during the rainy season,

The crops were regularly inspected by Govern-
ment Plant Quarantine officials and any plants
showing incipient symptoms of potentially serious 
diseases were promptly rogued and incinerated,
In addition, a regular spraying program was
undertaken to ensure healthy crop. Seeds from 
healthy plants were harvested and released to the 
GRU and Crop Improvement Programs. 

Looking Ahead 

The Plant Quarantine Unit will be moving to 
new permanent accommodation soon, in a build-
ing that will provide better facilities for strength-
ening quarantine inspection of outgoing seedmaterial. 

Computer Services 
The Computer Services Unit provides time-
sharing to ICRISAT research personnel on a 
VAX-I 1/ 780 computersystem and to ICRISAT 
administration on a VAX-I 1/ 750 computer sys-
tem. Both systems use the VMS operating sys-

tem. We develop interactive systems, provide

data-entry services, install 
 software packages,
install microcomputer hardware and software,

and conduct seminars and individualized instruc-

tion on computer usage to all ICRISAT staff 

members. 


State of Development 

The major thrust of software development in 
1985 was on systems for administrative applica-
tions, i.e., personnel management, supplies man-
agement and procurement, assets management,
and financial accounting. We also made revi-
sions in existing systems for payroll, fuel man-

agement, and tracking work orders to facilitate 
integration with the new systems. We initiated 
ancillary systems for the travel office and field 
medical unit. We have released the systems for 
supplies management, assets management, and 
Phase I of the financial accounting for regular 
use. Besides these administrative applications, 
we developed and released an institute-wide 
mailing-list system to Information Services, de
veloped a new version of an online research pro
ject management information system, added a 
French language capability to the interface soft
ware that links our VAX-I 1/780 computer systern to a phototypesetter, developed a conver
sion program to permit microcomputer-basedword-processor files to be used on the VAX and 
phototypesetter, and implemented data capture
software for the Epson HX-20 hand-held micro
computer. 

All systems, with the exception of financial 
accounting, are being designed and implemented 
in-house. The financial accounting system, de
signed by A.F. Ferguson and Co., Madras, is
being implemented in-house. Software devel
opment was hindered during the first half of theyear by the heavy interactive load on the VAX
11/780. The progress on these projects accelerated with the installatio 1of the VAX-I 1/750 for 
administrative use in early July 1985, allowing
all development terminals toto be transferred 
this lightly loaded machine. 

The Statistical Analysis Syqtem (SAS), a pop
ular statistical package in North America, was 
under evaluation during the last half of the year
and a decision to purchase this software was 
taken in December. REF-I I software used to 
maintain small lists of references was purchased
and installed on the research VAX-I 1/780 sys
tem in April.An Assistant Manager for Administrative 
Software Development was appointed in July
1985, and two additional programmer/analystsjoined in late September and late December. 
Two Computer Services Assistants have also
joined the service, freeing senior assistants to
help with software development projects. An 
attendant has also joined us to help with routine 
computer operations. 
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Several Digital Equipment Corporation (DEC) 
Rainbow microcomputers were installed during 
1985 for word processing, spreadsheet applica-
tions, small database management, and training, 
Many of these systems are able to gain access to 
one of the central computers for data exchange. 

ICRISAT is a member of CGNET, a com-
puter-based messaging network that links the 
TAC and CGIAR secretariats, CIAT, CIM-
MYT, CIP, IBPGR, ICRISAT, IFPRI, lIE, 
IRRI, and ISNAR. CGNET is implemented 
using the ITT Dialcom Electronic Mail Service 
that permits messaging with several other insti-
tutes throughout the world. In addition to mail 
messages, CGNET is being used to exchange 
experimental data with a cooperating university 
in the UK. The use of the electronic mail service 
has required the operation of our computer sy.:-
tems 24 hours per day, thus providing improved 
access for our user community. In October, the 
ICRISAT Sahelian Center (ISC), in Niamey, 
Niger, was added to CGNET using a DEC Rain-
bow microcomputer, a modem, and an interna-
tional telephone link to the USA. This link has 
greatly facilitated the exchange of information 
between ICRISAT Center and ISC. 

There was an emphasis on training during 
1985, both for our computer users and the Coin-
puter Services staff. A 5-day course on basic 
computer usage, text editing and formatting was 
offered in-house during January to 15 members 
of the ICRISAT Center administrative staff. 
Sixty-two administrative staff members attended 
a I-week computer familiarization course during 
June and July, and 22 staff members attended a 
course on Dtabase Management during Au-
gust. Both courses were conducted by CMC, 
Ltd., who also presented a2-day seminar entitled 
"Computers: a management tool" for the ICRI-
SAT directors and administrative diision heads. 
Hinditron Computers Private Ltd., Secund-
erabad, conducted two courses, a 5-day intro-
duction to VMS, the operating system used on 
our VAX systems, in December to the staff 
members who had taken the familiarization 
course, and a5-day introduction to Datatrieve, 
DEC's data retrieval system, in November to the 
staff members who had attended the database 

course earlier. 
Three Computer Services staff members at

tended a 2-week course on BASIC programming 
offered by CMC, Ltd., Secunderabad, in Janu
ary. One staff member participated in a 3-day 
seminar on the IBM PC microcomputer in Hong 
Kong, during September. Two staff members 
attended a 5-day advanced course on database 
management sitems in Bombay during Sep
tember, and two others attended a 5-day ad
vanced course on office information systems in 
Bombay in October. The assistant manager for 
operations was trained for 6 weeks on the latest 
versions of system software and system pro
gramming techniques at Digital Equipment Cor
poration in the USA. 

The )epartment Head attended the Spring 
DEC-Users' Society (DECUS) meeting in June 
in New Orleans, Louisiana, USA, followed by a 
3-day meeting of six IARC computer center 
directorsatClMMYT. He also attended the Fall 
DECUS meeting in December in Anaheim, Cali
fornia, USA. Four staff members attended the 
Computer Society of India annual meeting in 
Delhi in February. 

Looking Ahead 

The two VAX computer systems will be con
nected as a network providing a base for online 
access to administrative systems to all program 
offices and divisions in the Institute. We will 
complete the integration of the primary adminis
trative applications: financial accounting, per
sonnel database management, purchase order 
tracking, and supplies management. A new pay
roll system that will make use of the new person
nel and financial accounting systems, a system to 
monitor vehicle usage, a system to help track the 
progress of manuscripts through the Editorial 
Committee review process, a record-keeping sys
tem for experimental plots, and a new system to 
maintain genetic resources accessions records 
are all planned for 1986. We will encourage more 
use of microcomputers for word processing to 
help offload the VAX systems, and we will eval
uate the use of microcomputers as nodes in the 
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proposed VAX network. We will implement 
international electronic mail services for the 
SADCC/ICRISAT Sorghum and Millet Im-
provement Project in Bulawayo, Zimbabwe. 

Statistics Unit 

The Statistics Unit provides services to ICRI-
SAT staff and scientists from collaborative pro-
jects at various stages of their research. This 
includes providing experimental designs, analyz-
ing results, and drawing inferences. We review 
scientific papers for the Editorial Committee 
and reports for programs and scientists. We also 
participate in visits to experimental trials. Our 
principal statistician visited ICRISAT's research 
programs in West and eastern Africa to discuss 
design and analysis of trials and their results, 
gave seminars on experimental methods and 
nearest neighbor (NN) techniques, and had use
ful discussions with national scientists. One staff 
member received training on Crop Experimen-
tation in Developing Countries at the University 
of Kent at Canterbury, UK. 

Our consultancies with scientific staffand col-
laborators during the year averaged over 70 per 
month. Data sets were processed for scientists at 
ICRISAT and cooperative programs. Anumber 
of GENSTAT and FORTRAN computer pro-
grams were written to generate randomized 
plans and statistical analyses to meet the special-
ized needs of scientists. 

The Institute benefitted from a consultant's 
visit on the application of NN techniques in field 
experiments. Several pearl millet and sorghum 
data sets were subjected to NN analyses which 
indicated marked increases in precision of effects 
estimated by having a better adjustment for 
trend in the field. 

Discussions with scientists stimulated us to 
develop techniques to solve the following pro-
blems. 

Analysis of harvest indices. This advocates 

the estimation of harvest indices as the 
ratio of the mean grain (pod) yield to the 
total yield as against the mean of the ratios 
of the two characters. The performance of 
the two types of estimates were compared 
for their bias and mean squared error 
(MSE). The assumptions of analysis of 
variance are not tenable on the classical 
estimate which is less efficient than the 

proposed one. 

The analysis of land equivalent ratios 
(LERs) using the approximation for MSE 
of the ratio of random variables. The MSE 
of the component and total LER estimates 
were evaluated and a test for their compar
isons overa number of treatments obtained. 

Application of the Edgeworth Series distri
bution function for the dose and binary 
response relationship. This function takes 
into account the departure from normality 
by making adjustment for the skewness 
and kurtosis parameters of the real data. 

Approximations to the first two moments 
of the sample Gini's Coefficient and its 
distribution. Using the properties of order 
statistics the results are obtained for a 
general distribution function and simpli
fied for a few used to study income distri
bution. 

A design to monitor and analyze data for 
screening genotypes for Striga resistance. 
The use of frequent coatrol plots through
out the trial area enables the intensity of 
Strigapressure at different locations in the 
field to be monitored and allows neighbor
ing test entries to be assessed with more 
confidence. The data on sorghum using 
the checkerboard layout were analyzed 
with plot assessment and nearest neighbor 
comparison methods. 

We participated in several conferences, sympo
sia, and scientific and administrative meetings 
and prepared technical reports for scientists' use. 
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Looking Ahead We assisted in identifying, selecting, ordering, 
classifying, and cataloging a core collection of 

We plan to assess various spatial methods avail- books for the ISC library. Such assistance to 
able for field experiments and construct some ISC will continue until ISC moves to permanent 
experimental designs with particular emphasis facilities at Sador6 and appoints trained library 
on adjustment for one-dimensional local trends. staff.
 
We shall also examine data analysis methods
 
robust for mild departure from (assumed) nor
mality.
 

Documentation Services 

The Selective Dissemination of Information 
(SDI) service was expanded to include more 
scientists from Africa. The service now goes to 
140 scientists in 26 countries representing a 27%Library and Documentation growth in tile number of scientists receiving the 

Services service during 1985. 
We conducted 12 on-line searches on com

puter-readable databases and 68 manual searches 

Acquisition to meet specific requests for comprehensive, 
and/or problem-oriented information. The avail-

We developed a microcomputer-based book ability of search results was announced in the 
acquisition system and implemented it during SM IC Newsletter enabling more users to benefit 
the year. The system enables data-entry, duplica- from this service. 
tion checking, placement of purchase orders, The Central Reprography Unit attached to 
follow-up of pending orders, budgeting, etc. the Library provides Institute-wide photocopy
and hats enabled increased efficiency of opera ing and offset printing services. In 1985, the unit 
tions. This is reflected in the 32% increase in produced 968955 pages of photocopies and 
book acquisitions achieved during 1985 as com- 12690 masters used to print program-level pub
pared to 1984. Data on acquisitions during 1985 lications. 
are given in Table 1. We started to input convemional and non

conventional literature produced at ICRISAT 
to the AGRIS database. This will enable wider 
and easier access to information produced at 
ICRISAT by readers in developing countries,
 
who receive the AGRIS database free of cost.
Table i. Status of acquisition, ICRISAT Library, We are negotiating with the Commonwealth
 

1985. Agricultural Bureaux (CAB) International to
 

Additions Total input ICRISAT literature to the CAB database, 
during holdings and to use computer-readable CAB products.

Documents 1985 (Dec 1985) 

Books and reports 1063 20045 
Bound volumes of 
periodicals 784 12085 Sorghum and Millets Information 

Annual Reports 132 1061 Center (SMIC) 
Reprints, 
photocopies, etc. 996 5623 Bibliographies. We published annotated Millets 

Microforms 116 76.) bibliographies for 1981 (641 entries) and 1982 
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(991 entries). All components of SMIC biblio-
graphies are now computer-produced enabling
much faster compilation. 

Traveling Workshop in West Africa. Two in-
formation scientists from SM IC, and the French 
editor from ISC conducted workshops from 12-
31 March 1985 in four West African countries, 
namely, Burkina Faso, Mali, Niger, and Sene-
gal. The workshops aimed to improve the aware-
ness of agricultural scientists in those countries 
to the resources, services, and capabilities of 
SMIC. As a result of the workshops, there has 
been an increase in requests for SMIC services 
and improved contact between ICRISAT and 
libraries and documentation centers in West 
Africa. 

Document delivery services. SMIC provided 
copies of 4878 papers in its collection to scien-
tists from all over the world. This represents a 
threefold increase in the demand for this service 
in 1985 over that of the previous year. 

Looking Ahead 

A comprehensive project proposal to expanid
SMIC's resources and services to all five crops of 
ICRISAT's mandate was submitted to Interna-
tional Development Research Centre (IDRC)
for funding. The new project envisages the use of 
machine-readable subsets of the CAB and AGRIS 
databases for information retrieval and selective 
dissemination services. Our database of infor-
mation on ICRISAT's mandate Lrops will include 
subsels of the two databases together with 
locally generated input, 

A data management software package suited 
to bibliographic applications has been identified 
and will soon be acquired. This will enable our 
database to become interactively searchable by 
ICRISAT scientists. The package will also ena-
ble the library to automate some of its routines 
and plan for a more integrated management of 
its resource- and services. 

Information Services 
Information Services is responsible for the pub
lication and dissemination of information about 
our research to a wide audience of national 
scientists and policymakers in developing coun
tries, the international scientific community, 
donors, and informed readers. In addition, the 
division provides support services to scientists in 
the preparation of tables, figures, posters, pho
tos, and slides, and in editing journal articles, 
conference papers, and other materials for pub
lication or presentation outside ICRISAT. We 
also provide a French translation service to 
ICRISAT administrative and scientific staff. 

This year ICRISAT published 52 institute
level publications including the second edition of 
A Guide to Sorghum Breeding, 2 Information 
Bulletins, 6 Workshop Proceedings, 3 Bibliog
raphies, and 9 issues of various newsletters. Two 
issues of Nouvelles de I'ICRISAT were pub
lished and distributed from the ICRISAT Sahel
ian Center. Institute publications are listed at the 
end of the relevant Program's section of this 
report, and copies are available froon Informa
tion Services. 

Information Services also provides the secre
tariat to the Editorial Committee, which oper
ates an internal peer-review system for manu
scripts authored for international scientific publi
cations. During 1985, a total of 153 manuscripts 
by ICRISAT authors were submitted to the 
Committee. Sixty manuscripts were approved
for submission to journals and 47 to workshop 
or conference proceedings. Information Services 
staff edited 61 of these during the review process.
Listings of papers published in 1985 are printed 
at the end of the relevant Program's section of 
this report, and reprints can be obtained from 
the appropriate Program Office. 

During 1985 we revised the ICRISAT Style 
Guide designed to help authors in the presenta
tion of externally and internally published manu
scripts. We also ran a week-long workshop for 
staff members on the use of the Style Guide. The 
workshop sessions gave scientists, clerical staff, 
Computer Services, Statistics Unit, Library, and 
Information Services staff a chance to meet and 



discuss many topics of mutual interest. Excerpts 
from the Style Guide were used to produce a 
Guide for Authors that can be sent to sciertists 
preparing papers for publication in ICRISAT 
workshops. 

In addition to institute-level publications, the 
Art Unit handled 1100 pieces of artwork such as 
line figures, photo page layouts, poster presenta-
tions, maps, forms, overlays, page pasteups, and 
brochures. The Art Unit staff spend consider-
able time visualizing, evaluating transparencies 
for their reproduction value, and preparing 
rough layouts of cover designs and other graphic 
illustrations. The Photographic Unit handled 
1462 jobs, comprising almost 30000 exposures 
in 1985. In addition to printing the major 
institute-level publications, the Printshop ran 
784 825 impressions from 875 pages during 1985. 
The Distribution Unit dispatched 30813 copies 
of publications during the year, a substantial 
increase over 1984. More than 85% of our publi
cations were sent gratis to libraries and scientists 
engaged in agricultural research pertaining to 
the SAT, and the remainder were sold. 

Looking Ahead 

With our increasing involvement in francophone 
West Africa, Information Services is attempting 
to produce more French editions of ICRISAT 
publications. We intend to revise the Style Guide 
in the coming year and incorporate many modi-
fications that resulted from our workshop for 
staff. We will also produce a revised Guide to 
Authors t6 incorporate the Style Guide modifi-
cations and hope to issue a French version of this 
useful document. 

Finally, expanding information technology, 
especially advances in machine translations, 
graphic media, and telecommunications will 
surely affect the way Information Services re-
sponds to producers and audiences in the future. 
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Publications 

Institute Publications 

Annual Progress Reports 

IC RISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. Research Highlights 
1984. Patancheru, AP. 502 32a, India: ICRISAT. 
ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. Progr~s de la 
recherche 1984. Patancheru, A.P. 502 324, India: 
ICRISAT. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. Annual Report 1984. 
Patancheru, A.P. 502 324, India: ICRISAT. 

ICRISAT R&D Leaflets 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. ICRISAT R&D Leaf
let. Improved seeds from ICRISAT: plant material 
descriptions nos. 1-9. Patancheru, A.P. 502 324, 
India: ICRISAT. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. ICRISAT R&D Leaf
let. Fertilizer use in semi-arid tropical India. Patan
cheru, A.P. 502 324, India: ICRISAT. 
ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. ICRISAT R&D Leaf
let. Individual diets and nutritional status in Southern 
India. Patancheru, A.P. 502 324, India: ICRISAT. 
ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. ICRISAT R&D Leaf
let. Proceedings of the regional groundnut workshop 
for Southern Africa, Lilongwe, 1984. Patancheru, 
A.P. 502 324, India: ICRISAT. 
ICRISAT (international Crops Research Institute for 
the Semi-Arid Tropics). 1985. ICRISAT R&D Leaf
let. Early and late leaf spots of groundnut. Patan
cheru, A.P. 502 324, India: ICRISAT. 
ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. ICRISAT R&D Leaf
let. Retrospective literature searches on research sub
jects relating to ICRISAT's mandate. Patancheru, 
A.P. 502 324, India: ICRISAT. 



364 Research Support Activities 

Bibliographies 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). Sorghum and Millets Infor
niation Center. 1985. Millets Bibliography 1981. 
Patancheru, A.P. 502 324, India: ICRISAT. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics), Sorghum and Millets Infor
mation Center. 1985. Millets Bibliography 1982. 
Patancheru, A.P. 502 324, India: ICRISAT. 

Newsletters 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. At ICRISAT nos. 9, 
10, 1I, and 12. Patancheru, A.P. 502 324, India: 
ICRISAT. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics), Sorghum and Millets Infor
mation Center, 1985. SMIC Newsletter nos. 16 and 
17. Patancheru, A.P. 502 324, India: ICRISAT. 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. Nouvelles de l'ICRI-
SAT nos. 6 et 7. Centre sah6lien de I'ICRISAT, B.P. 
12404, Niamey, Niger (via Paris): ICRISAT. 

Other Publications 

ICRISAT (International Crops Research Institute for 
the Semi-Arid Tropics). 1985. Hyderabad-Secunder
abad: A guide and directory. Patancheru, A.P. 502 
324, India: ICRISAT. 

Journal Articles 

Gilliver, B., Vasudeva Rao, M.J.,and Venkateswarlu, 
P. 1985. A design and methods ofanalysis to monitor 
crop growth conditions illustrated with sorghum 
screening trials for resistance to Striga.Experimental 
Agriculture 21(3): 233-240. 
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ICRISAT Senior Staff-

Administration 
L.D. S.vindale, Director General 
J.S. Kanwar, Director of Research 
C.R. Jackson, Director of International Cooperation 

(until October) 
M.G. Wcdeman, Assistant to Director General 
S.P. Ambrose, Principal Government Liaison Officer 

and Principal Administrator 
B.C.G. 	Gunasekera, Principal Soil and Water Scientist 

(International Cooperation) 
S.J. 	 Phillips, Special Assistant to Director General 

for Educational Affairs 
V. 	 Balasubramanian, Senior Executive Officer 

(Director General's Office) 
Joyce Gay, Senior Administrative Secretary 

to Director General 
M.S.S. Reddy, Scientist (from May, on contract) 
Sunetra 	Sagar, Senior Administrative Secretary 

to Director of Research 
S. Krishnan, Senior Administrative Officer 

(International Cooperation) 
S. Ramachandran, Administrative Officer 

(International Cooperation) 
D. Mitra, Fiscal Manager 
A. Banerji, Assistant Manager (F~scal) 
V.S. Swaminathan, Senior Accounts Officer 
A.N. Venkataswamy, Accounts Officer 
C.P. Rajagopalan, Accounts Ofiicer 
P.A.V.N. 	 Kumud Nath, Accoums Officer 

(from March) 
B.K. Johri, Personnel Manager 
Y. 	Bharadwaja, Assistant Personnel Manager 

(until July) 
N.S.L. Kumar, Senior Personnel Officer 
P. Suryanan:vana, Senior Personnel Officer 
R. 	Vaidyanathan, Purchase and Stores Manager 

(on sabbatic leave from October) 
C. R. Krishnan, Assistant Manager (from June) 
K.P. Nair, Senior Purchase Officer 
D.K. Mehta, Senior Stores Officer 
D.V. Rama Raju, Senior Purchase Officer 
K.C. Saxena, Stores Officer 
K. R. Natarajan, Shipping and Purchase Officer 
S.K. 	Dasgupta, Senior Scientific Liaison Officer 

(Visitors' Services, until February) 
A. Lakshminarayana, Scientific Liaison Officei 

(Visitors' Services) 
Harish Sethi, Scientific Liaison Officer (from May) 

as of December 1985 

K.K. Sood, Senior Security Officer 
A. Ekbote, Security Officer 
K.K. Vij, Senior Administrative Officer(Delhi Office) 
V. lakshmanan, Assistant Manager (Administration) 
N. Surya Prakash Rao, Resident Medical Officer 
R. Narsing Rcddy, Transport Officer (on study leave) 
G. Vijavak umar, Transport Officer 
K. Jagannadhani, Administrative Officer (Transport) 
A. Rama Murthy, Travel Officer (from March) 

International Cooperation 

ICRISAT Sahelian Center, Niger 

C.R. 	Jackson, Director, ISC and West African 
Programs (from November) 

K.F. 	Nwanze, Principal Millet Entomologist 
and Acting Director (until November) 

K. Anand Kumar, Principal Millet Breeder 
and Team Leader, Millet Improvement Program 

B.B. Singh, Principal Millet Breeder, (Maradi) 
M.V.K. Sivakumar, Principal Agroclimatologist 
D.S.C. Spencer, Principal Economist 
M.C. 	Klaij, Principal Soil and Water Management 

Scientist 
C.A. Giroux, French Writer/l-ditor 
B.D. Marvaldi, Project )evelopment Officer 
P.G. Serafini, Research Farm Manager 
D.C. Goodman .Ir., Regional Administrative Officer 
L.K. Fussell, Principal Millet Agronomist 
C. 	Renard, Principal Agronomist and Team Leader, 

Resource Management Program (from April) 
J. 	 Werder, Principal Millet Pathologist 

(from February) 
A. 	Batiano, P1;'cipal Soil Chemist 

(ICRISA 1-/IFDC) 
Maimouna 	S. l)icko, Principal Animal 

Nutcitioni,.i tICRISAT/,ILCA) 
B.R. 	Ntare, Principal Cowpea Breeder/ 

Agron)niist (ICRISAT! IITA) 
R.C. 	Chase, Principal Soil Scientist 

(Texas A&M University) 
L. Marchais, Principal Geneticist (ORSTOM) 
S. 	Tostain, Principal Geneticist (ORSTOM) 
A. 	Tekete, Principal Agronomist (University of 

Hlohenheim, from April) 
T.J. Stomph, Research Assistant 
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P. 	Ouedraogo, Research Assistant Malawi
 
(from February)
 

Solange 	D. Gabriel, Executive Assistant, Liaison Regional Groundnut Improvement
 
Program for Southern Africa
 

Burkina Faso K.R. Bock, Principal Groundnut Pathologist 

and '[eam Leader
C.M. 	Pattanayak, Principal Sorghum Breeder S.N. Nigam, Principal Groundnut Breeder
 

and Team Leader
 
K.V. 	 Ramaiah, Principal Cereal Breeder-Siriga
 

(on sabbatic leave from December) Zimbabwe
 
S.N. Lohani, Principal Millet Breeder 
P.J. Matlon, Principal Production Economist 
Helga 	 Vierich, Principal Social Anthropologist SADCC Regionai Sorghum and Millet
 

(until August) Improvement Project
 
M.D. Thomas, Principal Sorghum Pathologist 
D.S. Murty, Principal Sorghum Breeder (from June) 	 L.R. House, Project Manager 
S. Lingani, Administrative Assi,a.t, Accounts 	 W. Williams, Administrative Officer 
13.Ouedraogo, Administrative tvisistant, A.B. Obilana, Principal Sorghum Breeder (from July) 

General Services S.C. "upta, Principal Millet Breeder (from October) 
E.W. Nunn, Farm Development Specialist (until May) 
D.S. Bisht, Farm Development Specialist (from June)

Mali 	 W.A.J. de Milliano, Principal Cereals Pathologist 
'om December) 

J.F. 	Scheuring, Prirlciral Cereals Breeder 
and Team Leader 

S.V.R. Shetty, Principal Agronmist 	 Syria 
S. Toure, Administra; ve Ofiicer 
1.Kassambara. Computer Analyst (froir Apr:) 	 K.B. Singh, Principal Chickpea Breeder 

M.V. Reddy, Principal Chickpea Pathologist 
(until February) 

Nigeria 

S.O. Okiror, Principal Millet Breeder 	 Pakisten 

M.S. Rahman, Principal Chickpea Breeder/Plant 
Senegal Pathologist 

S.C. 	Gupta, Principal Millet Breeder Mexico 
(until October, on sabbatic leave,
April-August) V.Y. Guiragoss-, Principal Sorghum Breeder 

Kenya 	 C.L. Paul, Princi Sorghum Agronomist 

Brhane Gebrekidan, SAFGRAD/ICRISAT 
Coordinator for Sorghum and Millet, Eastern Research Programs 
and Southern Africa 

Sorghum 

Sudan S.Z. Mukuru, Principal Plant Breeder 
and Program Leader 

R.P. Jain, Principal Millet Breeder 	 L.K. Mughogho, Principal Plant Pathologist 
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J.M. Peacock, Principal Plant Physiologist 
K. Leuschner, Principal Cereals Entomologist 
D.S. Murty, Plant Breeder 


(on sabbatic leave from June) 

Belum 	V.S. Reddy, Plant Breeder 


(on sabbatic leave until April) 

B.L. Agrawal, Plant Breeder 
P.K. Vaidya, Plant Breeder (from April) 
N. 	Seetharama, Plant Physiologist 


(on sabbatic leave until August) 

R.K. Maiti, Plant Physiologist (until January) 
P. Soman, Plant Physiologist 

Surcsh Pande, Plant Pathologist 

R.Bandyopadhyay, Plant Pathologist 

S.L. Taneja, Entomologist 
H.C. Sharma, Entomologist 
H.D. Patil, Senior Research Associate 
S.P. Jaya Kumar, Administrative Officer 
P. 	Ramesh, Research Fellow 
N.F. Beninati, International Intern (from October) 

Pearl Millet 

S.B. 	King, Principal Plant Pathologist 

and Program Leader 


F.R. Bidinger, Principal Plant Physiologist 
J.R. Witcombe, Principal Plant Breeder 
K.K. Lee, Principal Cereals Microbiologist 
K.N. Rai, Plant Breeder 
B.S. Talukdar, Plant Breeder 

Pheru Singh, Plant Breeder 

S.B. Chavan, Plant Breeder 
G. 	Alagarswamy, Plant Physiologist 


(on sabbatic leave until October and 

on secondment from November) 


V. 	Mahalakshmi, Plant Physiologist 
S.D. Singh, Plant Pathologist 
R.P. Thakur, Plant Pathologist 
S.P. Wani, Microbiologist 
K.R. Krishna, Microbiologist 
Nirmala Kumar, Administrative Officer 
P.Q. Craufurd, h,.ernational Intern (from February) 

Pulses 

Y.L. 	Nene, Principal Plant Pathologist 
and Program Leader 

D.G. Faris, Principal Plant Breeder, Pigeonpea 
W. 	Rcd, Principal Entomologist 

(on sabbatic leave until April) 

C. Johansen, Principal Agronomist 
H.A. van Rheenen, Principal Plant Breeder, Chickpea 
J. Arihara, Associate Physiologist (from May) 
N. 	Ae, Associate Microbiologist (from May) 
K. Okada, Assistant Microbiologist (from December) 
K.C. Jain, Plant Breeder, Pigeonpea 
K.B. Saxena, Plant Breeder, Pigeonpea 
S.C. Gupta, Plant Breeder, Pigeonpea 
Harjit Singh, Plant Breeder, Pigeonpea
 

(until October)
 
D.M. 	 Pawar, Senior Agricultural Officer
 

(Cooperative Trials)
 
M.D. Gupta, Senior Research Associate 

(on study leave)
 
Onkar Singh, Plant Breeder, Chickpea
 
C.L.I.. Gowda, Plant Breeder, Chickpea
 
S.C. Sethi, Plant Breeder, Chickpea 
Jagdish 	 Kumar, Plant Breeder, Chickpea
 

(on sabbatic leave until July)
 
J.H. Miranda, Senior Research Associate, Chickpea 
O.P. Rupela, Agronomist (Microbiology) 
J.V.D.K. Kumar Rao, Agronomist (Microbiology)
N.P. Saxena, Agronomist (Physiology) 

Y.S. Chauhan, Agronomist (Physiology)
NA. Ratnam, Senior Research Associate 
S.S. Lateef, Entomologist 
S. Sithanantham, Entomologist 
M.P. Haware, Plant Pathologist 
M.V. Reddy, Plant Pathologist (from March) 
A.M. Ghanekar, Plant Pathologist 
V.S. Bisht, Research Fellow (until September) 
D.R. Dent, International Intern (until December) 
I.S. Dundas, International Intern 
S. 	Dwivedi, Research Fellow (until October) 
S.B. Sharma, Research Fellow (until November) 
P.K. Anand Rao, Research Fellow 

Groundnut 

R.W. 	Gibbons, Principal Plant Breeder 
and Program Leader 

D. McDonald, Principal Plant Pathologist 

D.V.R. Reddy, Principal Plant Virologist 
J.H. Williams, Principil Plant Physiologist
J.P. 	Moss, Principal Cytogeneticist 

(on sabbatic leave until October) 
J.A. Wightman, Principal Entomologist 
L.J. 	 Reddy, Plant Breeder 

(on sabbatic leave from July) 
P. Subrahmanyam, Plant Pathologist 

(on sabbatic leave until April) 
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M.J. Vasudeva Rao, Plant Breeder 	 C.S. Pawar, Entomologist 
V.M. Ramraj, Plant Physiologist 	 A.A.H. Khan, Engiaeer 
V.K. Mehan, Plant Pathologist 	 Sardar Singh, Soil Scientist 
P.T.C. Nambiar, Microbiologist 	 K.L. Srivastava, Agricultural Enginetr 
P.W. Amin, Entomologist 	 R.K. Bansal, Agricultural Engineer 
A.K. Singh, Cytogeneticist 	 R.C. Sachan, Agricultural Engineer 
D.C. Sastri, Cytogencticist 	 Prabhakar Pathak, Agricultural Engineer 
S.L. Dwivedi, Plant Breeder 	 N.K. Awadhwal, Agricultural Engineer/Soil Physicist 

R.C. Nageswara Rao, Plant Physiologist S.K. Sharma, Senior Research Associate 
G.V. Ranga Rao, Entomologist (from July) V.M. Mayande, Engineer 
P. Subrahmanyam, Administrative Officer N.S. Jodha, Senior Economist 
S.N. Azam Ali, International Intern (until October) R.N. Athavale, Senior Hydrologist 
K.M. Dick, International Intern 	 (from June, on contract) 
M. Dutta, Research Fellow (until December) R.D. Ghodake, Economist 
H.A. Hobbs, International Intern 	 (on leave from September) 
S. Nahdi, Research Fellow 	 R.P. Singh, Economist 

K.G. Kshirsagar, Senior Research Associate 
K.V. Subba Rao, Senior Research Associate 
M.J. Bhende, Senior Research AssociateResource Management 
R.S.Aiyer, Senior Administrative Officer 
Surendra Mohan, Senior Administrative Officer 

Mvon Opean Program Leader R.T. Hardiman, Interrational Intern (until May) 
(fomiOctr aundl K.A. Dvorak, Internaional Intern (from January)Sepromea,
Economics (until September) 	 N.V. Narasimhan, Research Fellow 

V.Balah, Research Fellow
R.P. Singh, Program Leader, Farming Systems

(FebuaryOctoer)V. 	 Ballabhi, Research Fellow
(February-October) 

S.M. 	 Virmani, Principal Agroclimatologist 
(on sabbatic leave until August) Support Programs 

J.R. Burford, Principal Soil Chemist 
C.W. Hong, Principal Soil Scientist 

Biochemistry(ICRISAT/IFDC) 
C.K. 	Ong, Principal Agronomist, 

Cropping Systems R. Jambunathan, Principal Biochemist 
A.B.S. 	King, Cropping Systems Entomologist Umaid Singh, Biochemist
 

(ICRISAT/TDRI) (on sabbatic leave until September)
 
R.J. 	Van Den Beldt, Principal Agronomist, V. Subramanian, Biochemist 

Agroforestry (from March) S. Sivaramakrishnan, Plant Biochemist/ Physiologist 

A. Schutt, Assistant Engineer, Soil Fertility Unit, (from June) 
(ICRISAT/University of Hamburg, from December) T.A. Krishnamurthi, Senior Administrative Officer 

K.B. Laryea, Principal Soil Physicist (from Novcmber) (from August) 
T. Takenaga, Principal Agricultural Enginecr Santosh Gurtu, Senior Research Associate 

T.S. Walker, Principal Economist (from June) M.S. Kherdekar, Senior Research Associate 
R.A.E. Mueller, Principal Economist 
D. Sharma, Coordinator, On-farm Research
 
Piara Singh, Soil Scientist Electron Microscopy
 
A.K.S. Huda, Agroclimatologist 
K.L. Sahrawat, Soil Chemist 	 A.K. Murthy, Engineer 
T.J. 	Rego, Soil Scientist
 

(on sabbatic leave until October)
 
K.P.R. Vittal, Soil Scientist (until June) 	 Genetic Resources 
M.R. Rao, Agronomist 
M.S. Reddy, Agronomist (on leave from November) MAI.Mengesha, Principal Germplasm Botanist 

M. Natarajan, Agronomist 	 and Pogram Leader (on sabbatic leave) 
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W.H. 	Skrdla, Germplasm Botanist and Acting 
Program Leader 

K.E. Prasada Rao, Senior Botanist 
R.P.S. Pundir, Botanist 
V. 	Ramanatha Rao, Botanist 
S. Appa Rao, Botanist (on sabbatic leave)
P. 	Remanandan, Botanist 

Plant Quarantine 

B.K.Varma, Chief Plant Quarantine Officer 

Upendra Ravi, Senior Research Associate 

N. Rajamani, Senior Administrative Officer 

Fellowships and Training 

D.L. Oswalt, Principal Training Officer 
A.S. Murthy, Senior Training Officer
B. Diwakar, Senior Training Officer 
T. Nagur, Senior Training Officer
 

(on sabbatic leave from November)

S.K. Dasgupta, Senior Training Officer 

(from February) 

Faujdar Singh, Training Officer (from March) 

T.A. 	 Krishnamurthi, Senior Administrative Officer 

(until July)
V.S. Raju, Senior Secretary (from August) 

Information Services 

H.L. Thompson, Head 

J.B. Wills, Research Editor
 
Susan D. Feakin, Research Editor
 
S.R. 	Beckerman, Visiting Research Editor 


(until August) 

S.M. Sinha, Assistant Manager, Art and ProductionD.R . M ohan Raj, Editor 
Madhu Reddy, Editor 

J.J. Abraham, Editor (from August) 
H.S. Duggal, Senior Photographic Supervisor 
G.K. Guglani, Senior Art Visualizer[.R. Kapoor, Senior Composing Supervi.Gr 
A. Antonisamy, Printshop Supervisor
N.V.N. Chari, Administrative Officer 

Statistics 

B. Gilliver, Principal Statistician 

(on sabbatic leave from July)
 
Murari Singh, Statistician
 

Computer Services 

J.W. Estes, Computer Services Officer 
S.M. 	Luthra, Assistant Manager
 

(Computer Services)

J. Sai I'rasad, Assistant Manager
 

(Computer Services)

T".B.R.N. Gupta, Senior Computer
 

Programmer/Analyst
 
C. Kameswara Rao, Computer Programmer/Analyst 
J. 	 Gnanasekharan, Computer Programmer/Analyst(from October) 

s.V. 	 Nanda Kishore, Computer Programmer/
 
Analyst (from December)
 

Library and Documentation Services 

L.J. Haravu, Manager 
P.K. Sinha, Senior Documentation Officer 
P.S. Jadhav, Library Officer 
S. 	Prasannalakshmi, Library Officer 

Housing and Food Services 

G.W. Conover, MaiagerS. Mazumdar, Assistant Manager (Food Services)
B.R. Rtvathi Rao, Assistant Manager (Housing)
D.V. Subba Rao, Assistant Manager (Warehouse) 

Nhysical P!an Services
 
k
 

V.P. MGough, Manager (from May)V P c o g , M n g r ( r m M y 
P.M. Menon, Assistant Manager (Administration) 
Sudhir Rakhra, Chief Engineer (Civil) 
D. Subramaniam, Chief Engineer (Electrical) 
C.K. elliappa, Assistant Manager (Workshop,from May) 
S.K.V.K. 	Chari, Senior Engineer

(Electronics and Instrumentaticn, on study leave)N.S.S. Prasad, Senior Engineer 
(Electronics and Instrumentation)

A.R. Das Gupta, Senior Engineer (Communication)
D.C. Raizada, Senior Engineer (Airconditioning) 
N.V. 	 Subba Reddy, Horticulture Officer

(until August) 
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D.V.S. Verma, Engineer (Machineshop) 
R. Thiyagarajan, Engineer (Automobiles) 
A.N. Singh, Engineer (Heavy Equipment and Tractors) 
S.W. Quadae, Engineer (Office Equipment) 
K.R.C. Bose, Engineer (Civil) 
V.S. Raju, Senior Secretary (until July) 

Farm Development and Operations 

D.S. Bisht, Manager (until May) 
S.N. Kapoor, Manager (Farm Operations) 
S.K. Pal, Senior Plant Protection Officer 
K. Ravindranath, Senior Engineer(Farm Machinery) 
M. Prabhakar Reddy, Senior Agricultural Officer 
M.C. Ranganatha Rao, Senior Engineer 
S. Abid Ali Khan, Agricultural Officer 
N.V. Subba Reddy, Horticulture Officer 

(from August) 
K.Santhanam, Senior Administrative Officer 



Acronyms and Abbreviations Used in this Annual Report 
ACIAR Australian Centre for International Agricultural Research (Australia)
ACT Arhar Coordinated Trial
 
ACT I 
 Early Maturity Arhar Coordinated Trial
 
ACT 2 
 Medium Maturity Arhar Coordinated Trial
ACT 3 Late Maturity Arhar Coordinated Trial
 
ADAB Australian Development Assistance Bureau
 
ADB Asian Development Bank

AGRHYMET Centre r6gional de formation et d'application en agrom~t~orologie et hydrologie

'qi6rationnelle (Niger)
AICMIP .l India Coordinated Millet Improvement Project

AICORPO All India Coordinated Research Project on Oilseeds

AICPIP All India Coordinated Pulses Improvement Project

AICSIP All India Coordinated Sorghum Improvement Project

AID Agency for International Development (USA)

AMYT Advanced Millet Yield Trial
 
APAU 
 Andhra Pradesh Agricultural I 'iivcrsity (India)

ARA Acetylene-Reduction Activity

ARSHAT 
 Asian Regional Sorghum Hybrid Adaptation Trial
ARSVAT 
 Asian Regional Sorghum Variety Adaptation Trial
 
AWHC Available Water-Holding Capacity

BARI 
 Bangladesh Agricultural Research Institute (Bangladesh)

BND Bud Necrosis Disease
 
BP Bristled Population
 
CAB Commonwealth Agricultural Bureaux (UK)

CBMS Computer-Based Messaging System
 
CCS Combined Carbon Source
 
CEC Cation Exchange Capacity

CILSS Comit6 permanent inter6tats de lutte contre la s6cheresse dans le Sahel (Mali)CIMMYT Centro Internacional de Mejoramiento de Ma'iz y Trigo (Mexico)

CIP Centro Internacional de la Papa (Peru)

CISN Chickpea International Screening Nursery (ICARDA)

CIVT Composite Inter-Varietal de Tarna
 
CIYT Chickpea International Yield Trial

CLAIS Comision Latinoameric.,no de Invcstigadores en Sorgo (Guatemala)

CMI Commonwealth Mycological Institute (UK)

CPPTI 
 Central Plant Protection Training Institute (India)
CPRs Common Property Resources
CRIDA Central Research Institute for Dryland Agriculture (India)
CRSP Collaborative Research Support Program (USA)
CV Coefficient of Variation 
cv cultivar 
CVT Coordinated Varietal Trial
 
DAE Days After Emergence
 
DAR Days After First Rain
 
DAS Days After Sowing

DEC Digital Equipment Corporation (USA)
 



DM 
DMR 
DTF 
EACSSN 

EACT 
EC 
EC I1 
EGS 
ELISA 
ELPN 
EPIT 
ER 
ERC 
ET 
EXACT 
F CFA 
FAO 
FDRVT 

FEER 
FESPO 
FYM 
GCVT 
GIET 
GLM 
GRU 
GRV 
HAU 
HLS 
HYV 
IAR 
IAR 
IARI 
IBPGR 
IBRAZ 
IBSRAM 
ICAR 
ICARDA 

ICAT 
ICCT 
ICCT DL 
ICCT DS 
ICMPES 
ICRAF 
ICRISAT 
ICRRWN 
ICSN 
IDRC 
JET 
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Downy Mildew
 
Downy Mildew Resistant
 
Days To 50% Flowering
 
Eastern Africa Cooperative Sorghum Screening Nursery

Extra-early Arhar Coordinated Trial
 
Electrical Conductivity
 
Early Composite II
 
Employment Guarantee Scheme
 
Enzyme-Linked Immunosorbent Assay
 
Elite Products Nursery
 
Early Maturity Pigeonpea International Trial
 
Ergot Resistant
 
Ergot Resistant Composite
 
Evapotranspiration
 
Extra-extra-early Arhar Coordinated Trial
 
Franc Communaut financikre africaine
 
Food and Agriculture Organization of the United Nations (FAO)
 
Foliar Disease Resistant Varietal Trial
 
Fonds de l'eau et de I'6quipement rural (Burkina Faso)
 
Fertilizer Seed Pora
 
Farmyard Manure
 
Gram Coordinated Varietal Trial
 
Gram Initial Evaluation Trial
 
Groundnut Leaf Miner
 
Genetic Resources Unit
 
Groundnut Rosette Virus
 
Haryana Agricultural University (India)
 
Hairy Leaf Surface
 
High Yielding Variety

Institute for Agricultural Research, Ahmadu Bello University (Nigeria)

Institute of Agronomic Research (Cameroon)
 
Indian Agricultural Research Institute (India)
 
International Board for Plant Genetic Resources (Italy)

Institut burkinab6 de rech trche agronon ',.aeet zootechnique (Burkina Faso)

International Board for Soil Research an., Management (Thailand)
 
Indian Council of Agricultural Research (India)

International Center for Agricultural Research in the Dry Areas (Syria)
 
International Chickpea Adaptation Trials
 
International Chickpea Cooperative Trials
 
International Chickpea Cooperative Trial Desi Long-duration

International Chickpea Cooperative Trial Desi Short-duration
 
ICRISAT Millet Pathology Ergot Sib-bulk
 
International Council for Research on Agroforestry (Kenya)

International Crops Research Institute for the Semi-Arid Tropics (India)

International Chickpea Root Rots Wilt Nursery
 
International Chickpea Screening Nursery
 
International Development Research Centre (Canada)
 
Initial Evaluation Trial
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IFDC 
IFPRI 
liE 
IITA 
JIUCWRRN 
IIUTPPBR 
IIUTPSMR 
IIUTPWR 
ILCA 
IMD 
IMMLT 
IMZAT 
INRAN 
INSAH 
INTSORMIL 

IPDR 
IPM 
IPMAT 
IPMAT 
IPMDMN 
IPMEN 
IPMRN 
IPMSN 
IPWN 
IRAT 
IRRI 
ISC 
ISC 
ISHAT 
ISNAR 
ISRA 
ISSBN 
ISSFN 
ISSN 
ISVAT 
IVC 
JNKVV 
LAI 
LER 
LON 
LPSMWRY 
LPSRY 
MC 
MFR 
M LT 
M PAY 
MPN 

International Fertilizer Development Center (USA)
 
International Food Policy Research Institute (USA)
 
International Institute of Education (lIE)

International Institute of Tropical Agriculture (Nigeria)

ICAR/ICRISAT Uniform Chickpea Root Rots Wilt Nursery

ICAR/ICRISAT Uniform Trials for Pigeonpea Phytophthora Blight Resistance
 
ICAR/ICRISAT Uniform Trials of Pigeonpea Sterility Mosaic Resistance
 
ICAR/ICRISAT Uniform Trials for Pigeonpea Wilt Resistance
 
International Livestock Center for Africa (Ethiopia)
 
India Meteorological Department
 
ICRISAT Millet Multilocational Trial
 
ICRISAT Pearl Millet African Zone A Trial
 
Institut nationa! de recherches agronomiques du Niger (Niger)
 
Institut du Sahel (Mali)

USAID Title XII Collaborative Research Support Program on Sorghum and Pearl
 
Millet (USA)

Institut pratique de d6veloppernert rural (Niger)
 
Integrated Pest Management
 
ICRISAT Pearl Millet Adaptation Trials
 
International Pearl Millet Adaptation Trial
 
international Pearl Millet )owny Mildew Nursery
 
International Pearl Millet Ergot Nursery 
International Pearl Millet Rust Nursery 
International Pearl Millet Smut Nursery 
International Pigeonpea Wilt Nursery
Institut de recherches agronomiques tropicales et des cultures vivri res (France)
International Rice Research Institute (Philippines) 
ICRISAT Sahelian Center (Niger) 
International Sorghum Conversion 
International Sorghum Hybrid Adaptation Trials 
International Service for National Agricultural Research (The Netherlands)
Institut senbgalais de recherches agricoles (Senegal) 
International Sorghum Stern Borer Nursery 
International Sorghum Shoot Fly Nursery 
International Sorghum Striga Nursery 
International Sorghum Variety Adaptation Trial 
Inter Varietal Composite 
Jawaharlal Nehru Krishi Vishwa Vidyalaya (India) 
Leaf Area Index 
Land Equivalent Ratio 
Line Observation Nursery
Late-maturity Pigeonpea Sterility Mosaic and Wilt Resistant Yield Trial 
Late-maturity Pigeonpea Sterility Mosaic Resistant Yield Trial 
Medium Composite 
Multifactor Resistant 
Multilocational Trial 
Medium-duration Pigeonpea Adaptation Yield Trial 
Most Probable Number 
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MPSMWRY 	 Medium-duration Pigeonpea Sterility Mosaic Wilt Resistant Yield Trial 
MPSRY 	 Medium-maturity Pigeonpea Sterility Resistant Lines Yield Trial 
MPUB 	 Medium-maturity Pigeonpea Unselected Bulk 
MPWRY 	 Medium-maturity Pigconpea Wilt-Resistant Yield Trial 
MSE 	 Mean Squared Error 
N 	 Nitrogen 
NARC 	 National Agricultural Research Centre (Pakistan) 
NBPGR 	 National Bureau of Plant Genetic Resources (India) 
NEC 	 New Early Composite 
NELC 	 New Elitr; Composite 
NET 	 National Elite Trial 
NIRD 	 National Institute of Rural Development (India) 
NN 	 Nearest Neighbor 
NPV 	 Nuclear Polyhedrosis Virus 
NR 	 Nitrate Reductase 
NRA 	 Nitrate Reductase Activity 
ODA 	 Overseas Development Administration (UK) 
ORSTOM 	 Institut franqais de recherche scientifique pour le d~veloppement en cooperation 

(France) 
OXFAM 	 Oxford Famine Relief Agency (UK) 
P Phosphorus 
PARIP Partially Acidulated Rock Phosphate 
PCV Peanut Clump Virus 
PEQIA Postentry Quarantine Isolation Area 
PGMR Panicle Grain Mold Rating 
PMADT Pearl Millet Advanced Drought Trial 
PMAHT Pear! Millet Advanced Hybrid Trial 
PMAVT Pearl Millet Advanced Variety Trial 
PMIVT Pearl Millet Initial Variety Trial 
PMMDT Pearl Millet Multilocational Drought Trial 
PMNT Pearl Millet National Trial 
PMV Peanut Mottle Virus 
PMXN Pearl Millet Exchange Nursrry 
PON Pigeonpea Observation Nursery 
PYSV Peanut Yellow Spot Virus 
RBD Randomized-Block Design 
RH Relative Humidity 
RLWC Relative Leaf-Water Content 
RMP Resource Management Program 
ROCAP Oficina Regional de los Programas Centroamericanos (USAID) 
RP Rock Phosphate 
RR Rust Resistant 
RRL Regional Research Laboratories (India) 
rse 	 residual .,indard error 
S 	 Sulfur 
SADCC 	 Southern African Development Coordination Conference (Botswana) 
SAFGRAD 	 Semi-Arid Food Grain Research and Development (Nigeria) 
SAS 	 Statistical Analysis System 
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SAT Semi-Arid Tropics

SCA Specific Combining Ability

SDI Selective Dissemination of Information
 
SLS Smooth Leaf Surface
 
SMIC Sorghum and Millets Information Center
 
SMK Sound Mature Kernel
 
SMSS Soil Management Support Services
 
SR Smut Resistant
 
SRC Smut Resistant Composite
 
SSP Single Superphosphate

TADD Tangential Abrasive Dehulling Device

TARO Tanzanian Agricultural Research Organization (Tanzania)

TDM Total Dry Matter
 
TDRI Tropical Development and Research Institute (UK)

TGMR Threshed Grain Mold Rating

TNAU Tamil Nadu Agricultural University (India)

TSP Triple Superphosphate
 
TSWV Tomato Spotted Wilt Virus
 
ULV Ultra-Low Volume
 
UNDP United Nations Development Programme

UPN Uniform Progeny Nursery

USDA United States Department of Agriculture (USA)

USG Urea Super Granules
 
USLE Universal Soil Loss Equation

VAM Vesicular Arbuscular Mycorrhizae

VLP Virus-Like Particles
 
VLS Village-Level Studies
 
WAE West African Early

WMO World Meteorological Organization (Switzerland)

WSARP Western Sudan Agricultural Research Project (Sudan)

WUE Water-Use Efficiency
 



ICRISAT plant material named or under naming pro less by the Plant Material Release 
Committee (PMRC) 

Crop Type of material Original name New name Remarks 

Pearl millet Variety WC-C75 ICMV I High-yielding variety released for 
general cultivation in India by 
Government of India, Ministry of 
Agriculture, Department of 
Agriculture and Cooperation. 

Pearl millet Variety IBV 8001 ICMV 2 High-yielding cultivar in 
pre-release stage in Senegal. 

" IBV 8004 ICMV 3 " 

Pearl millet Male-sterile 2068A 8A(843A) ICMA 2 New male-sterile line for the 
lines (A and B) production of new hybrids. 

2068B 8B(843B) ICM.B 2 
2221A IA(842A) ICMA 3 

- " 2221B IB(842B) ICMB 3 
SIOA (834A) ICMA 4 

- " SIOB (834B) ICMB 4 

Pearl millet 	 Inbred line ICMPE 13-6-27 ICML I Source of resistance to ergot 

(Claviceps fusiform is). 
ICMPE 13-6-30 ICML 2 
ICMPE 134-6-25 ICML 3 

" " ICMPE 134-6-34 ICML 4 

Pearl millet 	 Inbred line SSC PS 252-S-4 ICML 5 Source of resistance to smut 
( Tolyposporimpenwcillariae). 

ICI 7517-S-I ICML 6 
EBS 46-1-2-S-2 ICML 7 
EB 112-1-S-I-I ICML 8 

" 	 NEP 588-5690-S-8-4 ICML 9 
P 489-S-3 ICML 10 

Pearl millet Population ICMPES I ICMP I Source with combined resistance 
(sibs of to ergot (C/aviceps fusiformis), 
sister lines) smut (Tohyposporium penicillariae),and 

downy mildew (Sclerospora graminicola). 
ICMPES 2 ICMP 2 

- ICMPES 28 ICMP 3 
" ICMPES 32 ICMP 4 

Continued 
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Crop Type of material Original name New name Remarks 
Pearl millet Inbred line IP 2696-1-4 ICML II Source of resistance to rust 

(Pucciniapennisetn) controlled by 
a single dominant gene. 

Sorghum Pure line SPV 351 ICSV I Released cultivar in India. 

Chickpea Pure line ICCC 4 ICCV I Released cultivar in Gujarat State, India. 

Chickpea Pure line ICCL 82001 ICCV 2 Combines acceptable kabuli seed-type 
with wilt resistance and short duration. 

- ICCL 83006 ICCV 3 
- " ICCL 83004 ICCV 4 

" ICCL 83009 ICCV 5 

Pigeonpea Line ICP 8863 ICPV I Recommended by AICPIP as source 
of resistance to wilt (Fusarium udumn). 

Pigeonpea Population MS4A ICPM I Source of translucent anther-type 
of male sterility. 

Pearl millet Inbred line P 7 ICML 12 Source of resistance to downy 

mildew (Sch,rospora graminicola). 
SDN 503 ICML .3 
700251 ICML 14 

- " 700516 ICML 15 

700651 ICML 16 

Pearl millet Inbred line 700481-21-8 ICML 17 Source of resistance to rust 

(Puccinia pennisett). 
1IP537 B ICMLI81 
IP 11776 ICML 19 

(Souna Mali) 
11I2084-1 ICML 20 
P 24 ICML 21 
D 212-PI ICML 22 

Sorghum Pure line SPV 386 ICSV 2 Released cultivar in Zambia. 

Continued 
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Crop Type of material Original name New name Remarks 

Sorghum Pure line PM 11344 -' Submitted by 

Sorghum Entomology (in process). 

Pearl Millet Variety 

Male-sterile 

lines (A and B) 
" 

-

ICMS 7703 

ITMV 8001 

ITMV 8002 
ITMV 8304 
DSA 105-

DSA i18 

DSA 134 

IPMC 23 

-

Submitted by 

Pearl millet Breeding (in process). 
" 

Submitted by 

Genetic Resources Unit (in process). 
" 

Chickpea Pure line ICCC 32 

ICCX 730008-8-1-
IP-BP-8EB 

- Submitted by 
Chickpea Breeding (in process). 

Pigeonpea Variety ICPL 87 (Pragati) 

ICPL 151 (Jagriti) 

-

-

Submitted by 
Pigeonpea Breeding (in process). 

Groundnut 

-

Variety Robut 33-i-18-8-BI 

Robut 33-1-7-4 

-

-

Submitted by 
Groundnut Breeding (in process). 

I. indicates naming in process. 


